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Abstract

Background: China has achieved spectacular success in reducing child mortality
since 1949. The health workforce is thought to have been important in this progress,
but a thorough understanding of how the health workforce contributes to lowering child
mortality is lacking. This PhD aims to examine the declines in child mortality in China
over the past seven decades and to understand how the health workforce contributes

to that progress.

Methods: | did a systematic review to understand the profile and density of the
maternal and child health workforce in China since 1949, and a scoping review to
evaluate national trends in and determinants of child mortality between 1949 and 2019.
| analysed longitudinal data between 1950 and 2017 to examine the speed of decline in
child mortality and to investigate the strength of association between doctor density
and child mortality in 1950-1964, 1965-1980, and 2000-2016.

Results: In 1950, child mortality was very high in all provinces - one out of five infants
died in the first year of life and three out of ten children died before reaching age five.
Both infant mortality and child mortality aged 1-4 declined by more than 90% across all
provinces between 1950 and 2017. The most rapid decline in child mortality occurred
between 1950 and 1955. Increased density of doctors, though not highly educated
compared to international standards, contributed to lowering child mortality in China
during 1950-1964, independent of economic growth. But in 1965-1980 doctor density
was positively associated with child mortality after adjusting for socio-economic,
environmental and health system determinants of child mortality. The association
disappeared in 2000-2016.

Conclusion: The rapidly decreased child mortality in the early period can give other
countries - particularly the poor countries confidence that progress is possible through
efforts to scale up the production of health workers. Improving doctor density alone is

unlikely to achieve further progress in reducing child mortality in China.
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Chapter 1. Introduction

The thesis aims to examine the declines in child mortality in China and to understand
how the health workforce contributes to that progress in order to show the
achievements and lessons of the past, and to share lessons with other countries with

high child mortality.

China has made substantial progress in reducing child mortality over the past decades,
meeting the Millennium Development Goal (MDG) 4 ahead of schedule. Given the vast
size of the country, the achievements were particularly impressive. The successes in
child health are attributable to contributors both within and outside health systems. As a
pivotal contributor, the health workforce remains neglected. Chapter 1 provides an
introduction on the global burden of child mortality, China’s success in reducing child
mortality and the rationale for the focus of the thesis on child mortality and the health

workforce.

This introductory chapter is based on a broad reading of the literature on the topic and
searching for specific information regarding global estimation of child mortality, goals

and targets regarding child mortality reductions.
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1.1 Global burden of child mortality

The MDG4 was set with a target to reduce the under-5 mortality rate (USMR) by two-
thirds between 1990 and 2015. The world has witnessed substantial progress in
reducing the USMR from 93 deaths per 1,000 live births in 1990 to 38 in 2019.
However, an assessment of global statistics in 2016 suggests that most of the 75
poorest so-called Countdown countries failed to achieve the MDGA4 for child mortality
reductions[1]. The global burden of child mortality remains unacceptably high. It has
been estimated that around 5.2 million children under age 5 died primarily of
preventable or treatable causes in 2019. Infants accounted for 3.9 million of these

deaths and children aged 1-4 accounted for 1.3 million deaths|[2].

Most child deaths occur during infancy, especially the first 28 days after birth due to
preterm births, congenital abnormalities and birth complications[3]. Among the neonatal
deaths each year, two-thirds die in the first week, and two-thirds of these in the first 24
hours[4]. An analysis of results from 44 demographic and health surveys in 2003
showed that in countries with very high USMR (>200 deaths per live births), one fifth of
all child deaths occurred in neonates, while in countries with the USMR lower than 35

per 1,000 live births more than half of child deaths were in neonates [5].

Progress in child mortality diverges across age groups[6]. Global progress in neonatal
mortality declines has been slower than that for older children, resulting in a bigger
share of neonatal deaths among under-5 deaths[1, 7]. During the MDG era, the
majority of countries (106 out of 193 countries) had accelerated declines in child
mortality, which was related to the decline in post-neonatal mortality[8]. In almost all
countries where the USMR declined, the share of infant mortality rate (IMR) has

increased relative to the child mortality rate aged 1-4 (CMR1-4) [6].

Although the world has made strides in reducing child mortality, inequalities in child
survival exist across regions and countries. Sub-Saharan Africa and South and Central
Asia had the highest burden of child mortality in 2019, which accounted for more than
80% of global under-5 deaths[2]. The vast majority of child deaths are concentrated in
low- and middle-income (LMIC) countries, e.g., Nigeria, India and Ethiopia. Previous
child mortality assessment at subnational levels (provinces, districts or counties) also
found extensive geographic inequalities in sub-Saharan Africa, Brazil, Iran and
China[6].

To sustain global progress in child mortality reductions, the United Nations (UN)
adopted the Sustainable Development Goal (SDG) 3.2.1 to reduce the USMR to as low
as 25 per 1,000 live births in every country by 2030[9]. The SDG agenda was built

13



upon the successes of the MDG era with a broader lens reflecting the intersectional
nature of health outcomes with infrastructural considerations[10]. The shift from setting
a relative target of two-thirds reductions in the USMR in the MDG to an absolute target
in the SDG requires the identification of the causes of preventable mortality with the

most potential for improvement and also a shift in resource allocation[10, 11].

1.2 China’s success and effort in reducing child mortality

Over the past seven decades, China emerged from a poor country to become one of
the fastest developing middle-income countries in the world. Along with rapid economic
growth, China has also seen substantial transformations in child mortality which are
continuing. The USMR in China was 3.6 times the average USMR of European areas in
1955-59, but only 1.8 times this rate in 1985-89[12]. During the MDG era (1990-2015),
China revitalised efforts to reduce child deaths and became one of the few countries to
have achieved MDG 4 of reducing the USMR by two thirds[13]. China’s decline in child
mortality was reported to be one of the most rapid in documented global history [14,
15]. Due to the great success during the MDG era, the World Health Organization
(WHO) rated China as one of the top 10 fast-track LMICs in maternal and child health
(MCH) [16].

China’s achievements in child health benefited from multiple contributors, including
political will, social and economic development, poverty alleviation, the strengthening of
health systems and the building of health information systems[17]. The coverage for
most of the essential MCH services reached 90% nationwide in 2018, including
antenatal care, post-partum visits, disease screening, expanded immunization

programmes and integrated management of childhood diseases[17].

China’s long-term strategy in encouraging large scale facility-based birth, establishing
effective referral channels to emergency obstetric care and extending financial
protection through delivery care expenditure reimbursement has resulted in great
successes in reducing the neonatal mortality rate (NMR) [18, 19]. The NMR in China
was 3.7 times the average NMR of European areas in 1990, but only 1.7 times this rate
in 2015 [20]. With improvements in neonatal care, neonatal deaths caused by
infectious diseases decreased dramatically in China [21]. Preterm births and congenital

abnormalities became the main causes of neonatal deaths in 2018 [17].

While ensuring access to skilled care in health facilities has been a key strategy for
neonatal health, social determinants and access to primary care may be more
important for child health[15, 22]. China was widely recognized for its robust health

delivery system and major gains in coverage of effective interventions associated with
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infant and child survival before 1980. Babiarz and colleagues [15], analysing a
provincial dataset between 1950 and 1980, found that the education expansion in the
1950s across China and the public health campaigns during the 1960s and 1970s,
could explain 55~70% reduction in China’s infant and under-5 child mortality rates

controlling for other medical and non-medical determinants of health.

1.3 Rationale for focus on child mortality and health workforce

Child health is the cornerstone for the healthy development of a society. Although child
mortality reductions have been documented in the literature, it remains unclear how
and why child mortality has fallen across generations in China. Most robust and large-
scale studies examining child mortality reductions appeared since the 1990s when
high-quality mortality data became available. Less is known about the full progress
from 1949 onwards, when the People's Republic of China was created. Given that
China experienced fast socioeconomic change, exceptional declines in the birth rate,
and environmental and health systems changes in the past decades, a long-period

perspective is needed to observe and to explain the decline of child mortality over time.

Many studies have suggested various hypotheses as to why infant and child mortality
declined in China. These were mostly based on a description of the health systems and
policy changes that coincided with the period of mortality decline, but without any effort
of attribution. For example, many authors have suggested that the under-5 mortality
decline during the 1960s-1970s was attributable to the introduction of barefoot doctors
(“chijiao yisheng”) and a focus on primary health care [23, 24]. Others have suggested
that the program of integrated management of childhood iliness, implemented in the
late 1990s, has contributed to the reduction in the USMR [25]. However, few studies
used rigorous methods in support of their hypotheses, and it remains uncertain whether
the decline in mortality was due to the stated investments in health systems.
Furthermore, there is an increasing awareness that non-health system factors such as
income and education have a larger impact on child health than health system factors
[26], but it remains methodologically challenging to study the many interconnected

factors.

For the health system, China’s focus has been on health workforce development,
primary health care, financial protection, equity and quality of services. Despite the
undisputable importance of the health workforce in ensuring a well-functioning health
system, few studies have looked at how the health workforce evolved in China, and
how health workers were trained or certified to deliver MCH services. Like in other

middle-income countries, the “health worker plurality”’[27], mixing formal and informal
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care and traditional and modern medical training, poses a challenge to understand the

whole picture.

Existing evidence showing the importance of health worker density to population health
(including child survival) have become an important stimulus for increasing the density
of health workers [28-30]. China’s priority in developing the health workforce in recent
decades has been to increase the density of health workers[31]. As the most populous
country, China has the largest health workforce in the world according to data from the
WHO in 2010[32]. But it remains unclear if or how the massive increase in the number
of health workers, and a shift from barefoot doctors to professionally trained medical
doctors between 1949 and today has contributed to the child mortality reductions over
the same period. While many epidemiological studies have investigated the socio-
demographic determinants of child mortality, few have attempted to quantify the

strength of association between doctor density and child mortality over time.

The shortage of health workers still limits the coverage of MCH services in many
countries that have not achieved the MDG4, most evidently in sub-Saharan African
countries [33]. Increasing the supply of health workers through professional training
and education is costly and time-consuming. To achieve time-bound targets like the
SDG, all countries can accelerate health gains through investing in health workforce
more strategically. Understanding the contribution of the health workforce to China’s
success in reducing child mortality is important, because the experience in improving
child health might inform evidence-based policy options for other countries with high

child mortality.

For China, despite substantial declines in child mortality, the absolute number of under-
5 deaths remains high. With approximately 132,000 deaths among children under five
in 2019, China is one of the top ten countries with the highest burden of under-5
mortality in the world [2]. Understanding whether and how the health workforce
contributed to child mortality declines in the past might provide evidence on what

policies might be the most effective in reducing child mortality in the future.

1.4 Aims and objectives

The overall aim of the study is to examine the progress in child mortality declines in
China and to understand how the health workforce contributes to that progress in order
to show the achievements and lessons of the past, and to share lessons with other

countries with high child mortality.

Objective 1: Systematically review the literature reporting on the profile and density of
MCH workers in China from 1949 onwards.
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Objective 2: A scoping review of the literature reporting on national trends in infant and
child mortality and the medical causes of child mortality in China between 1949 and
2019, to improve understanding of the determinants that underpinned the achievement,

and to identify knowledge gaps.

Objective 3: Describe the levels of infant and child mortality and the trends of the
health systems and socio-demographic status over time and across 27 provinces in
China between 1950 and 2017 based on an updated longitudinal database; and to
quantify the speed of decline in the infant and child mortality rate aged 1-4 across all
provinces between 1950 and 2017 and examine the variation in speed of mortality

decline by province and by socio-demographic development of provinces.

Objective 4: Investigate whether and to what extent the strength of association
between doctor density and the infant and child mortality rate aged 1-4 changed by
periods of time (1950-1964, 1965-1980, 2000-2016); and to examine the health
systems and socio-economic determinants of the infant and child mortality rate aged 1-

4 across 27 provinces in China over the same periods.

1.5 Thesis outline

An overview of the chapters is provided below.

Chapter 1 introduces the global burden of child mortality, including the global targets,
public health importance and challenges. It provides the rationale of the research

guestions, aims and objectives of the thesis.

Chapter 2 introduces the configuration of China’s health systems and MCH services. |
introduce the concepts of the health workforce and describe the development of the
health workforce in China by historical period. This is followed by definitions and

measurement issues of child mortality.

Chapters 3-6 present the studies for each objective as specified in section 1.4. Each

chapter includes background, methods, results, discussions and conclusions.

Chapter 3 addresses the first objective of this thesis by presenting the findings from the
systematic review on the MCH workforce profile and MCH workforce density, which

has been published.

Chapter 4 addresses the second objective of the thesis by reporting on a scoping
review. In this chapter | present the data sources that have been used to measure child

mortality in China. | document the national trends in infant and child mortality in China
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between 1949 and 2019 and | summarize the medical causes and determinants of

infant and child mortality that have been reported in the literature.

Chapter 5 addresses the third objective of the thesis and presents the results of an
analysis of the speed of decline in infant and child mortality. | start the chapter outlining
the data sources, including how | updated an existing longitudinal province-level
dataset (1950-1980) to a longer period of time (1950-2017). Then | describe the levels
of infant and child mortality and the trends of health systems and socio-demographic
status over the period 1950-2017. This is followed by the analysis of speed of child
mortality decline using Fractional Polynomials and an investigation of variation by

province and by a generated socio-demographic index.

Chapter 6 addresses the fourth objective of the thesis and presents the results of an
analysis investigating the strength of association between doctor density and infant and
child mortality in China over the period 1950-2016. The relative importance of doctor
density to child mortality decline is assessed by comparing the strength of association

between the two in different periods of time.

The thesis concludes with Chapter 7 to summarize the study findings and to give an

overall discussion and conclusion.
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Chapter 2. Background

Chapter 2 introduces the background of China’s health system, the main features of
MCH services and the health workforce — including definitions, density, sufficiency and
potential measurement challenges for MCH workforce. It draws on the broad literature
reading for chapter 1. A review of the literature on the development of the health
workforce in China by historical period is included, highlighting the varied health
systems and health workforce policies. In addition, more detailed information regarding

the measurement of child mortality is provided.
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2.1 Configuration of China’s health system and MCH services

Since the establishment of the People's Republic of China in 1949, China created a
health system similar to that of the Soviet Union[34]. China’s medical care has been
gradually organized into a three-tiered network [35]. The three-tiered network includes
tertiary hospitals, secondary hospitals and primary health institutions [36]. Tertiary
(teaching hospitals) and secondary hospitals (district hospitals in urban areas/county
hospitals in rural areas) mainly offer comprehensive medical services [37]. Primary
health institutions, including community health centres and stations in urban areas, and
township hospitals and village clinics in rural areas, mainly provide primary medical and
basic public health services[36]. The government owned and ran all the health facilities
under Chairman Mao (1949-1976)[34]. Health services were nearly free. In the 1960s
and 1970s the expansion of primary healthcare made China a successful model in
“good health at low cost’[24].

The reform of the economic system which started in 1978 brought dramatic changes to
the health system. Due to the withdrawal of government subsidies, public hospitals
became increasingly commercial [38]. The government still owned the public hospitals
but exerted little control over the organizations of health services [34]. The three-tier
system and the network of primary healthcare providers was dismantled, which
resulted in neglecting prevention and primary care[38]. In the absence of gatekeeping,
people were more likely to utilise hospital services. Tertiary and secondary hospitals
became the dominant provider of health services resulting in escalating healthcare
costs and low efficiency of the health system [36]. The fact that hospital services were
expensive and the population was largely uninsured drove many patients into
poverty[34]. By the end of the 1990s, discontent with lack of health services fuelled

public anger and threatened social stability [34].

In order to mitigate popular discontent with the health system, China shifted the health
system’s design from the market to the government and initiated a series of health
reforms trying to introduce a gatekeeping system following the principle of “ensuring
basic services, strengthening primary health institutions and building effective
mechanisms” [36] (Figure 2.1). China also re-emphasized the strengthening of primary

healthcare as an overall strategy to achieve further MCH progress [39].

20



medical services

_ ‘ O serve multiple regions
Tertiary hospitals Q offer high-level and specialized TL‘mﬂW
hospitals

O serve multiple communities
O offer comprehensive medical
and health services

Secondary hospitals

Q serve one community

U offer preventive, clinical
treatment and rehabilitation
service

Health system after the

economic reform (1978-today) Health system reform goals

Figure 2.1: Overview of China's health system in transition

Source: Developed by author (HZ), according to People’s Republic of China Health System
Review (p. 133), by Q.Y. Meng, et al. 2015, Geneva. Copyright 2015 by the World Health
Organization.

Parallel to the above general health system, China has a public health system
consisting of “MCH institutions, disease control and prevention centres, health
information institutions, health supervision institutions, among others”[36]. Such
configuration of health services has made MCH service delivery characterized in two
ways: (i) the MCH service delivery system is imbedded in the health system with a
three-tiered network in both urban and rural areas [18, 40]. (ii) multiple institutions
simultaneously provide MCH services, including primary health institutions, maternity
hospitals (only maternity services), children’s hospitals (only child health services),
general hospitals, traditional Chinese medicine hospitals, family planning institutions
and designated MCH institutions (an extensive hospital network providing obstetric and
neonatal care) [36, 41] (Figure 2.2).

Women and children today can choose any health institutions without referral
requirement. MCH institutions, general hospitals, specialized hospitals and traditional
Chinese medicine hospitals provide antenatal, childbirth, postnatal, neonatal and
childhood care services [40]. Primary healthcare institutions mainly provide antenatal
care, postnatal care, immunization and basic treatment of childhood illness [36]. Some
township hospitals with obstetric departments are able to provide normal delivery care
and basic obstetric care but few of them do so now[40]. Family planning institutions
mainly undertake tasks in family planning and reproductive health related services [36].
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Since the focus of this thesis is on child mortality and MCH services, family planning
services are not further discussed. The classification in Figure 2.2 does not differentiate
between public and private institutions. Considering the limited role of the private sector
in MCH services in China before 2015 (less than 10% market share) [38, 42], it is not

the main focus of the thesis.
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Primary medical
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Figure 2.2: MCH service delivery system in China and study focus

Source: Developed by author (HZ), according to People’s Republic of China Health System Review (p.
133), by Q.Y. Meng, et al. 2015, Geneva. Copyright 2015 by the World Health Organization.

2.2 The health workforce in the world

2.2.1 Defining the health workforce

The modern health workforce has evolved over the past century throughout the world,
starting with the milestone Flexner Report (1910) in medical education[43]. The
development of the health workforce has focused on strengthening medicine, nursing,
public health and allied health professions[44]. Over the past two decades, the health
workforce repeatedly emerged as the most important barrier in the global response to
health crises[29]. The international community has therefore begun to look for new

understanding of the health workforce.

The importance of the health workforce was articulated in the 2006 World Health
Report with a creation of the Global Health Workforce Alliance[45]. The report
considers that health workers are those “who primarily engage in actions with the

primary intent of enhancing health”. This broad definition includes health workers with
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varied skills and qualifications. They are divided into clinical and non-clinical staff
responsible for public and individual health interventions [46]. Clinical staff are also
called “health service providers”; non-clinical staff refer to people not directly engaged
in service provision and are under the term “health management and support

workers”[28].

A doctor or a nurse is usually defined as someone with appropriate training and
qualifications recognized in his or her own country [32]. Globally there is little uniformity
with respect to length of training and competency of medical doctors [47]. A medical
doctor degree could be granted with highly variable length of training, training content
and competency achieved[47]. The length of medical training in a country is usually a
legacy of history rather than an evidence-based decision[48]. For example, the length
of medical training for a doctor in the US is 8 years after high school while that in
Europe is 5 or 6 years[32]. Globally, the majority of nurses attend vocational schools or
on-the-job training[47]. Nursing education becomes more varied now, ranging from

vocational training to doctoral programs[32].

2.2.2 Classifying health workers

To classify cadres of health workers, many countries have developed their own
classification systems based on the International Standard Classification of
Occupations (ISCO, earliest version adopted in 1987). The WHO also accepted the
classification of cadres by the ISCO. According to the Global Health Workforce
Statistics, there are nine cadres including doctors (generalists or specialists), nurses
and midwives, dentists, pharmacists, laboratory technicians, public and environmental
health workers, community health workers, as well as health management and support
workers and other health workers[49]. The range of cadres necessary to classify health
workers is extensive, integrating many aspects such as occupation, training and

certification.

Classifications provide a framework for the classification of health workers by according
to shared characteristics[50]. For example, community health workers have a widely
accepted definition by a WHO Study Group since 1989 as “members of the
communities where they work, should be selected by the communities, should be
answerable to the communities for their activities, should be supported by the health
system but not necessarily a part of its organization, and have shorter training than
professional workers”[51]. Community health workers were first trained in China in the
1950s as “barefoot doctors” to fill the gap in human resources[52]. Since then, the
community health worker programs have evolved over the years in many countries with
varying degrees of success. The role of community health workers varies across
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countries, and can be preventive, curative or developmental[53]. The terms used in
classifying cadres are dependent on the health systems in a given country, and often
mask the variation in their medical training and qualification [53]. This highlights the
need to consider the variations when examining particular cadres of health workers in

each country.

The cadre classification in a given country will also be dependent on the relevance of
the classification to the scope of analysis. One example is that in many countries there
are no clear cadre distinctions between nurses and midwives[54]. In line with the
statistics of WHO, the nurses and midwives are usually counted as one cadre because
nurses and midwives receive similar training and undertake overlapping tasks in many
countries. Such cadre classifications enable countries to map their health workforce

and may be useful for the purpose of health workforce planning.

2.2.3 Health workforce density

The health workforce density is defined as the number of health workers for every
10,000 population, e.g. a number of health professionals, doctors, nurses or midwives
per 10,000 population. Official information on the health workforce density is often
available only for doctors and nurses. Although easy to calculate and straightforward to
communicate, the health workforce density is based on simple headcounts that do not

necessarily reflect the health system context or variability in service delivery.

The total health-worker density is a crude metric because it counts all the cadres of
health workers in the health systems without accounting for the differences in medical
training. Doctors have been viewed as the most critical cadre of health workers which
cannot be easily substituted by other cadres, so doctor density is preferred to total
health-worker density when estimating the contribution of different cadres of health
workers to the goals of the health systems[55]. A cross-country study by Anand and
Baernighausen showed that doctor density was most significant in explaining variation
in the IMR and the USMR across 83 countries, more so than density of nurse and

midwives, density of the sum of health professionals [56].

There is large variation among regions and countries in the health workforce density.
Among world regions, the density of health workers (including doctors and nurses)
varies by a factor of 10, from 12.3 per 1,000 population in the US to 1.6 per 1,000
population in India in 2014 [32]. The health workforce density is strongly related to the
sociodemographic development[57]. The WHO estimated that 57 poor countries have
insufficient number of health workers to meet minimum needs in 2006 [28]. Many high-

income countries also suffer from shortages of health workers [47]. The expected
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shortage in Europe is anticipated to reach 4.1 million in 2030 (0.6 million doctors, 2.3
million nurses and 1.3 million other cadres of health workers)[58]. One target of the
SDG 3 stated to “substantially increase the recruitment, development, training and
retention of the health workforce in developing countries, especially in least developed

countries and small island developing States” but with no quantitative target[59].

Many efforts have been made to examine the sufficiency of the health workforce in
relation to essential health needs, but there is no universal standard. The Joint
Learning Initiative did a global workforce assessment in 2004 and suggested a
threshold of 2.50 health workers (including only doctors, midwives and nurses) per
1000 population as the minimum level to achieve 80% coverage of measles
immunization or skilled attendance at delivery[60]. The WHO updated the global
workforce dataset in 2004 and arrived at a minimum workforce density (including only
doctors, nurses and midwives) of 2.28 per 1,000 population, with 2.02 and 2.54 as the
lower and upper bounds for uncertainty. Other benchmark estimates of health
workforce density have been set but vary considerably by decisions to reach some
desired health system objectives or health services requirements[61]. For example, in
2016, WHO quantified an indicative minimum density of 4.45 doctors, nurses and
midwives per 1,000 population to achieve a median performance on an SDG index
composed of 12 tracer indicators[61]. Attempts have also been made to arrive at a
benchmark based on an estimation of workload. Using evidence that midwives working
in a team can assist at least 175 births per year, the World Health Report 2005
suggested that 3 part-time doctors with obstetric skills or 20 midwives per 3600 births
are required per year to provide essential maternal and newborn care. The
transferability of the recommended standards to country-specific context requires

caution as the cadres and competencies of health workers vary.
2.3 The health workforce in China

2.3.1 Historical perspectives on the health workforce

The definition of the ‘health workforce’ varies qualitatively in China’s contemporary
history as the medical education system was modernized over time [62]. Before going
any further, it is useful to understand the changing health workforce policies in relation
to the wider trends in China’s politics and health policies (Figure 2.3) [63]. Figure 2.3,
which was adapted from the Lancet Commission on 70 years of women’s reproductive,
maternal, newborn, child, and adolescent health in China [17], shows the national
policies on the health workforce as well as national policies in relation to MCH. The

periods were chosen to reflect China’s changing macro-health policies.
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Figure 2.3: Health workforce-related national policies in China

Source: Qiao, Jie, et al. 2021. “A lancet commission on 70 years of women's reproductive, maternal,
newborn, child, and adolescent health in China.” The Lancet, (2021), 1-40.

1949-1964 Innovation period

Health worker shortage was a pressing problem in 1949. The government operated all
health facilities and employed all health workers at the time[34, 38]. Private health
facilities disappeared through a massive nationalization movement in the 1950s[38].
The supply of health workers was constrained by limited financial resources. In 1952,
there were only 0.09 licensed doctors and 0.12 licensed assistant doctors per 1,000
population[31]. The shortage of health workers was particularly challenging in rural
areas where there were only 0.04 doctors and 0.09 assistant doctors per 1,000

population.

A distinctive characteristic of this period was the innovation to resolve health workforce
shortages. At that time, few Chinese people had secondary education necessary for
the medical training[64]. To meet the urgent demand for health workers, the
government built over 320 secondary technical schools (Zhongzhuan, 3 years of study
or less) to produce health workers with a secondary vocational diploma[65]. Another
innovation was to utilize traditional health practitioners and “half peasants-half doctors”
(ban nong ban yi) [34, 66]. Nearly 800,000 traditional birth attendants were retrained to
deliver antenatal and delivery care from 1949 to 1959 [17]. The “half peasants-half
doctors” were farmers who received very short medical training and delivered health
care in the rural area, later widely known as the “barefoot doctors” [66]. At the time,

China had few qualified specialists[38]. The barefoot doctors provided the most basic
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primary healthcare, including immunisation, delivery care and improvement in

sanitation, in rural areas despite the persisting poverty across the country [17, 23].

1965-1977 Rural public health period

In 1965, Chairman Mao criticized the Ministry of Health for favouring urban areas in
health care[67]. The Cultural Revolution began in the health sector, which became a
devastating period for medical education and was later referred to as “the ten years of
going backward” (daotui de shinian, 1966-1976)[68]. At the time, medical colleges and
universities were closed[69]. It was compulsory for almost all medical graduates to
serve in rural areas. Specialist departments in hospitals also closed[69].
Professionalization of health workers was de-emphasized in the health system during
the Cultural Revolution [31]. Within health facilities, professional hierarchy by titles was
overturned and promotion of any kind stopped[31, 70]. The quality of medical education

deteriorated seriously[71].

In 1968, the programme of barefoot doctors became a national policy focusing on the
mass production of barefoot doctors to meet rural needs[23]. Many licensed doctors in
urban areas were sent to disadvantaged rural communities to deliver health care and
train barefoot doctors [66, 72]. The density of barefoot doctors reached 2.5 per 1,000
rural residents in 1975. Later in 1978, the WHO cited the barefoot doctor programme

as a successful example for primary health care at the Alma Ata conference [23].

1978-1997 Market-oriented period

The economic reform in 1978 enabled medical institutions to ramp up medical training,
making 1978-1997 a period of rehabilitation and readjustment[71]. On the one hand,
higher medical training was restored in this period and medical student enrolment
increased due to the economic boom [66]. On the other hand, the promotion of doctors
was revived with a relaxed criteria after the Cultural Revolution (1966-1976). The
bareroot doctors were allowed to be upgraded to “village doctors” if they passed an
examination comparable to that required of graduates from secondary technical
schools[71]. In 1985, the government stopped using the title of barefoot doctors and
kept around 0.6 million village doctors[73]. The promotion of assistant doctors in the
late 1970s and early 1980s brought substantial growth in numbers of doctors who were
made “qualified doctors” after serving for a few years but had no pre-service medical

training[31].
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During this period, the government prioritized hospitals, resulting in a huge decline in
primary health care[23, 74]. Most health institutions at township level or above were
government-owned and had a dual personnel system [35]. Health workers could be
divided into either ‘tenure (bianzhi) staff’ or ‘contract staff’. The tenure staff are
regarded as state employees in a way similar to civil servants [65]. The quota for
tenure staff was determined by local governments, involving health sector, personnel
sector and planning sector. Health institutions had increased autonomy and decided
themselves how many contract staff they wanted to recruit [35]. During the 1980s,
many health workers in rural areas with pre-service medical training migrated to urban
areas and new medical graduates were unwilling to serve in rural areas[31]. The
township hospitals experienced a brain drain of their best health workers due to the
lack of finance and professional prospects[74]. The health workforce in rural areas
deteriorated rapidly, undermining the prior efforts in strengthening primary health
care[74].

1998-today Health system reform period

This period represents a time of economic growth and reforms in education and health
systems to balance social development with economic growth[62]. Starting from 1998,
the major educational reform was aimed to improve the quality of medical training by
enhancing tertiary education [65, 75]. Even today, there is little uniformity with respect
to the tertiary education of health professionals[47]. The length of training varies
between different medical or health-related programs, ranging from three to eight years
(Figure 2.4). The standard undergraduate program in China takes five years to
complete (sometimes 4 years for a bachelor degree in science); The standard Master’s
program takes three years to complete; The standard Doctor of Medicine program
takes three years to complete for candidates holding a Master’s degree; There are also
5-year Doctor’s programs for candidates holding a bachelor degree; There are 8-year
Doctor’s degree programs, and 6-year or 7-year Master’s programs once students pass
the National College Entrance Exam [76]. China launched the standardised residency
training post undergraduate training in 2013 as a national strategy to produce

competent doctors [65].
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Figure 2.4: Graphical presentation of China’s Medical education system, 1998-today

Source: Developed by author (HZ) according to two sources: (1) Anand, Sudhir, et al. "China's human
resources for health: quantity, quality, and distribution." The Lancet 372.9651 (2008): 1774-1781. (2) Zhu,
Jiming, et al. “Doctors in China: Improving quality through modernisation of residency education. The
Lancet, 388 (2016), 1922-29.

Between 1998 and 2005, the number of admissions to health-related training programs
to tertiary medical institutions expanded by 350%[72]. But national statistics between
2000 and 2005 showed that the number of medical graduates from all educational
institutions greatly exceeded the increase in health workforce density, suggesting
inefficiency of graduates entering into medical practice[62]. Although the 3 years’
secondary technical school training is receding, the process of replacing the health
workforce with the college-level graduates is extremely slow[65]. Even in 2020 a large

proportion of registered doctors (42.6%) have not achieved a bachelor degree[25].
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2.3.2 Data on health workers in China

In China’s Health Statistics Yearbook, the Ministry of Health publishes health workforce
density data by cadre (health professionals, doctors, nurses) at national level each
year, which is based on annual organization-based administrative surveys[25].
Different cadres of health workers in China are defined mostly according to education
and qualifications, as shown in Table 2.1. The medical licensing process is run by the
Ministry of Health. At the end of medical training, the medical graduates who pass the
National Medical Licensing Examination will obtain a doctor license. Before 2002, there
was no requirement of a particular degree to register for the examination. But after
2002, only medical graduates who have a bachelor degree can register for the
examination. Midwives do not exist as a separate cadre in China and some nurses may

do the work of midwifery.
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Table 2.1: Cadre classification of health workers in China since 1998

Cadre Doctors Nurses Pharmacists Technicians Village doctors | Management staff Supportive
workers

Classified as Yes Yes Yes Yes No No No

health

professional

Yes/No

Definition Health professionals titled either | Health professionals Health Health Those who Those who engage in | Those who
licensed doctor or assistant who have obtained professionals who | professionals have a village | personnel engage in
licensed doctor based on the nursing certification have received who have doctor management, logistic support
medical practitioner certificate. with a junior college medical training in | received training | certificate and | financial management | for health
Licensed doctors have bachelor | degree or higher, or pharmacy and laboratory practice in or information facilities.
or higher degree in medicine. graduated from provide health science or rural clinics. management for
Assistant licensed doctors are secondary education knowledge of radiology. Before 1985 health facilities.
graduates of three-year junior programs with a pharmaceutical this cadre
college, or secondary technical diploma. services in health referred to
school with a school diploma. facilities. barefoot
One-year internship in health doctors.

facilities is required for the
registration of licensed
(assistant) doctor.

Source: Summarized by the author HZ based on two sources: (1) Health Statistics Yearbook 2021. (2) Anand, Sudhir, et al. "China’'s human resources for health: quantity, quality, and

distribution." The Lancet 372.9651 (2008): 1774-1781.
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2.3.3 Health workforce density in China

The latest official statistics in 2020 showed that China had 10.7 million health
professionals (including licenced doctors, nurses, pharmacists and technicians) and 0.8
million village doctors (classified as barefoot doctors before 1985) [25]. Figure 2.5
displays the density of health professionals, the density of doctors and nurses
respectively at national level in 1949-2020 from the Health Statistics Yearbooks. The
increase in the density of health professionals in China has been driven by the increase
of doctors and nurses[65]. In 2020, the densities of registered doctors and nurses were
29 and 33 per 10,000 population respectively [25]. The densify of doctors is similar
compared to the UK'’s at 28 and the US’s 26 per 10,000 population in 2018. The
density of nurses is one third of that in the UK (103) and Europe (96) in 2018[77]. The
distribution of health professionals in China is imbalanced between urban and rural
areas. In 2020, doctor density in urban areas (42.5 per 10,000 population) was more
than twice that in rural areas (20.6 per 10,000 population), with nurse density having
2.6 times difference [25].
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Figure 2.5: National statistics of health professional density, doctor density and nurse
density, 1949-2020

Source: China Health Statistics Yearbook 2021 and China Statistical Data Compilation 1949-2003.

32



2.4 The MCH workforce in the world

2.4.1 Defining MCH workforce

The term MCH workforce is used as an umbrella term for any cadre of health workers
that provide continuous care for pregnant women and their babies, from pregnancy, to
delivery and childhood care. International efforts to measure MCH progress and
resource tracking (e.g. Countdown to 2015 to achieve MDGs) have mostly centred on
pregnancy and early childhood [78]. | adhere to the following definitional scope of MCH
services in this thesis: antenatal care, childbirth care, postnatal care, care during
infancy and for children under five. Where possible, | refer specifically to the cadre of

MCH workforce, e.g. obstetricians or paediatricians, not the entire workforce.

High-income countries emphasize the roles of doctors, nurses and midwives and their
specialised skills for the entire continuum of care. For example, the MCH workforce in
Canada includes family physicians, midwives, nurses and specialists such as
obstetricians, neonatologists, paediatricians and surgeons[79]. In contrast, the MCH
workforce in LMICs have fewer health professionals but more community health
workers or informal care providers, for example traditional birth attendants—women

who were from the community and traditionally dealt with childbirth[80].

A key SDG indicator related to the MCH workforce is the “proportion of births attended
by skilled health personnel” (SDG 3.1.2)[59]. According to the WHO, a skilled birth
attendant is defined as “A midwife, doctor or nurse—who has been educated and
trained to proficiency in the skills needed to manage normal (uncomplicated)
pregnancies, childbirth and the immediate postnatal period, and in the identification,
management and referral of complications in women and newborns”[81]. Much
attention globally has been paid to the definition of skilled birth attendants. However,
skilled birth attendant is not always a useful concept because it does not relate to a

clear framework of training and certification in countries.

2.4.2 The MCH workforce density

The numerator for the MCH workforce density is the number of any cadre of MCH
workers. Different population denominators have been given to estimate MCH
workforce density [82]. The commonly used denominators include annual live births,
total population, total number of births, number of children, and annual pregnant
women [83, 84]. MCH workers per births are more preferable in the area of MCH
because the total population cannot accurately reflect the MCH care needs[85]. In the
systematic review, | use the number of live births as well as the number of population in
my denominators to examine MCH worker density.
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2.4.3 The shortage of MCH workforce

The health workforce shortage has often been cited in global reports and research
literature and the MCH workforce is no exception [28, 29, 86, 87]. The shortage of
MCH workers is one of the key factors contributing to inadequate progress in reducing
infant and child mortality across many but not all developing countries [33].
Internationally, most countries still have too few specialist MCH doctors(e.g.
neonatologists, obstetricians and paediatricians) and nurses, with far lagging medical

training for theses cadres particularly in low-income countries[45, 88].

The health financing methods used and level of detail rarely allow investment in the
MCH workforce to be disentangled from general health workforce investments. For
example, there is little controversy about the need to invest in the training and
deployment of skilled birth attendants. But in many developing countries the investment
in community health workers has been at the expense of funds for the skilled birth

attendants, resulting in a global shortage of midwives [80, 89].
2.5 Monitoring child mortality

2.5.1 Child mortality indicators

Measuring progress in child mortality reductions requires a set of valid indicators. The
estimation of child mortality has focused on measuring the probabilities of dying
between certain age bands. The most commonly presented age bands are the
neonatal period (from birth to 28 days of age), the post-neonatal period (first month
after birth and the end of the first year), infancy (0-1 years) and the under-5 period
(under 5 years). The denominator is the number of surviving children at the beginning

of the specified age range during the specified time period.

The indicators for monitoring MDG4 on child survival are the USMR and the IMR [90].
As an indicator in the MDGs, the USMR is defined as “the number of deaths to children
under the age of five per 1,000 live births”. The IMR is defined as “the number of
deaths to infants under one year of age per 1,000 live births”. The two indicators are
widely used as child mortality indicators and quantitative goals of population health
reflecting health system performance [4, 91, 92]. In addition, a wider range of indicators
have been required to adequately track progress, including the NMR (the probability of
death before age 1 month), the post-neonatal rate (the probability of death before age
1 year conditional on surviving to age one month) and the CMR1-4 (the probability of
death before age 5 years conditional on survival to age 1 year)[93]. | will term the
CMR1-4 as child mortality rate aged 1-4 throughout the thesis to make the three
outcomes (IMR, USMR, CMR1-4) easy for interpretation.

34



2.5.2 Child mortality estimation methods

The estimation methods for child mortality depend on the available data. Complete
registration data on births and deaths provide the best basis for direct estimation of
child mortality[12]. The registration systems in developing countries are usually poor or
non-existent. If there are survey data of complete birth histories, indirect techniques
based on life tables are applicable. The probabilities of dying can be derived from
reported deaths and the numbers of children at certain age bands exposed to the risk
of dying over a specified period, for example 10 or 15 years before a survey[12]. When
the only data available are from mothers of reproductive age reporting information on
children ever born and the proportion of children surviving, a commonly-used
procedure is the Brass method, by which the childhood survivorship probabilities can
be calculated [94].

When different estimation methods are used, child mortality estimates for the same
time period may differ due to sampling and non-sampling errors[12]. The magnitude of
the variation in the estimates is dependent on the variation in the data sources as well
as the choice of methods of analysis. Standard methodological methods for dealing
with discrepancies in child mortality estimates have not yet been finalized. Simple
averaging and more sophisticated regression techniques have been used to obtain a

series of consistent estimates of child mortality over time[95-97].

2.5.3 Medical causes of child mortality

Efforts to reduce child mortality can only be effective if they are based on accurate data
on causes of child deaths. If available, vital event registration that includes cause-of-
death data is the primary source to establish causes of deaths[5, 98]. Alternative
sources are nationally-representative surveys and special study populations. With

these, verbal autopsy is usually used to establish the causes of child death[5].

Once the official cause of death has been determined, child deaths are categorized
according to the chapters of the International Classification of Diseases (ICD-11 most
recent version) coding classification developed by the WHO[99]. The WHO’s work on
the global burden of diseases stipulates one cause of death to be the “disease or injury
which initiated the train of morbid events leading directly to death”, which ensures that
the sum of deaths from all possible causes do not exceed the total number of child
deaths[5]. The grouping of causes of death is used for the analysis of mortality data

and routine surveillance reporting.
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2.5.4 Determinants of child mortality

To understand the non-medical factors on health, researchers have focused on
understanding the factors that affect people’s health, often referred to as health
determinants[100]. In this thesis, | will refer to non-medical factors as determinants of
child mortality. Key determinants of child mortality include income, education, housing

condition, access to improved water sources and sanitation facilities[101].

Income and education are probably the most well-known country-level determinants of
infant and child mortality[102, 103]. Cross-country studies have consistently found
national income, as measured by gross domestic product (GDP) per capita or gross
national income per capita, to be the strongest determinant of infant and child mortality
among the determinants included for analysis[104]. A study of global trends in child
mortality found that over 50 percent of the decline in 1970-2009 could be attributed to

gains in the mean years of maternal education[105].

Much of the implied causation attributed to income or education relies on their “distal”
nature, i.e. these determinants are regarded as prerequisite to more proximate
determinants of child mortality. The most influential analytical framework in the study of
child mortality is developed by Maosley and Chen[106]. For child mortality, the
determinants at the distant level, including income and education, work through factors
at the intermediate level (such as environmental and behavioural risk factors). Factors
at the intermediate level work through the proximal causes of child deaths, such as

infectious diseases, non-communicable diseases and injuries[106].

2.5.5 Tracking progress in child survival

In addition of child mortality indicators, a wider range of indicators are advocated to
adequately track child survival progress. Before 2000, many child survival programmes
set loosely defined strategies to achieve certain child mortality reduction targets[12]. To
strengthen the information base for child survival, the global Countdown monitoring
focuses on coverage of effective child survival interventions [4]. Many instances of
infant and child deaths could be averted by health interventions such as vaccinations,
antibiotics treatment and bednet use[56]. There are five component areas developed
for the Countdown monitoring in 2005: nutrition interventions, vaccination, case
management of illness, newborn health and other prevention interventions (Table 2.2).
To measure progress within each component, the Countdown monitoring includes a set
of valid indicators which are listed behind each component areas in Table 2.2. For
example, to provide useful information on nutrition interventions, the Countdown
monitoring includes exclusive breastfeeding to 6 months, breastfeeding with

complementary food at 6-9 months and continued breastfeeding at 20-23 months [4].
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Achieving high coverage with the recommended interventions would prevent the

majority of child deaths from undernutrition. In the global monitoring of progress in child

survival, the intervention coverage is a good indicator because progress in coverage

means policies, delivery strategies, adequate human and financial sources are in

place[4].

Table 2.2: Tracking indicators for child survival, the Countdown 2005

Component Coverage indicators
areas
Nutrition 1. Exclusive breastfeeding to 6 months
interventions _ _
2. Breastfeeding with complementary food at 6-9 months
3. Continued breastfeeding at 20-23 months
Vaccination 4. Measles immunization coverage
5. Diphtheria, pertussis and tetanus (DPT3) immunization coverage
6. Hib immunization coverage
Newborn 7. Skilled attendant at delivery
health _
8. Neonatal tetanus protection
9. Timely initiation of breastfeeding
10. Postnatal visit within three days of delivery
11. Prevention of mother-to-child transmission of HIV
Case 12. Care seeking for pneumonia
management o _
of illness 13. Antibiotic treatment for pneumonia
18. Oral rehydration and continued feeding
19. Antimalarial treatment
Other 20. Vitamin A supplementation coverage
prevention

interventions

21.
22.
23.

Use of improved drinking water sources
Use of improved sanitation facilities

Insecticide-treated net coverage
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Chapter 3. Systematic review of the MCH workforce in China

Chapter 3 addresses the first objective of the thesis by presenting a systematic review
of the profile and density of MCH workers in China. The main purpose of this study is to

examine how MCH workers are trained or certified to deliver MCH services.

This chapter begins with the article presenting the main findings from the systematic
review, which was published in the Human Resources for Health in October 2021. By
examining the MCH workers’ education, certification and density, | provide insights into
how China is addressing its MCH workforce needs. By comparing the MCH worker
density to the internationally suggested health workforce thresholds, | also discuss the

sufficiency of the MCH workforce in China.

The version of the article presented in this chapter was edited to incorporate a longer
results section providing more details on the meta-analysis of the education level of

MCH workers by cadre and by level of facility.
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3.1 Published article - A systematic review of the profile and density of the

maternal and child health workforce in China

Article reference: Huan Zhang, Xiaoyun Liu, Loveday Penn-Kekana, Carine Ronsmans.
A systematic review of the profile and density of the maternal and child health

workforce in China. Human Resources for Health. 2021, 19: 125.
3.2 Article

3.2.1 Abstract

Background To track progress in MCH understanding the health workforce is
important. This study seeks to systematically review evidence on the profile and

density of MCH workers in China.

Methods We searched 6 English and 2 Chinese databases for studies published
between 1 October 1949 and 20 July 2020. We included studies that reported on the
level of education or the certification status of all the MCH workers in one or more
health facilities and studies reporting the density of MCH workers per 100000
population or per 1000 births. MCH workers were defined as those who provided MCH

services in Chinese mainland and had been trained formally or informally.

Results Meta analysis of 35 studies found that only two thirds of obstetricians and
paediatricians (67%, 95% CI: 59.6%-74.3%) had a bachelor or higher degree. This
proportion was lower in primary level facilities (28% (1.5%-53.9%)). For nurses
involved in MCH care the proportions with a bachelor or higher degree were lower
(20.0% (12.0%-30.0%) in any health facility and 1% (0.0%-5.0%) in primary care
facilities). Based on 18 studies, the average density of MCH doctors and nurses was
11.8 (95% CI: 7.5-16.2) and 11.4 (7.6-15.2) per 100000 population respectively. The
average density of obstetricians was 9.0 (7.9-10.2) per 1000 births and that of obstetric
nurses 16.0 (14.8-17.2) per 1000 births. The density of MCH workers is much higher
than what has been recommended internationally (three doctors with obstetric skills or
20 midwives per 3600 births).

Conclusions Our review suggests that the high density of MCH workers in China is
achieved through a mix of workers with high and low educational profiles. Many
workers labelled as “obstetricians or “paediatrician” have lower qualifications than
expected. China compensates for these low educational levels through task-shifting, in-

service training and supervision.
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3.2.2 Introduction

Maternal and child mortality levels have fallen substantially in China since the
Liberation in 1949. China’s maternal mortality ratio was estimated to be around 1500
deaths per 100 000 live births in 1950[107], dropping to 17.8 in 2019[108]. The under-
five mortality rate dropped from 210.7 to 7.8 deaths per 1000 live births over the same
period[107, 108]. Investment in health systems has no doubt accelerated the progress
in reducing maternal and child mortality[109, 110]. Key to this success has been the
training and deployment of MCH workers, which are seen as the cornerstone of
successful MCH programmes[111]. Understanding who they are, and how many (per

unit of population), is critical to the planning of such services.

Defining what constitutes an “MCH worker”, and what their qualifications should be,
remains a challenge internationally as well as in China. A joint report issued by the
WHO and the United Nations Population Fund, defined sexual, reproductive, maternal,
newborn and adolescent health workers as those including but not limited to “midwives,
nurses, nurse-midwives, general practitioners, specialist doctors (such as
obstetrician/gynaecologist, neonatologists, paediatricians), auxiliary staff, community
health workers, and support workers (including traditional birth attendants)’[83]. The
joint report did not define the health workers by cadre, and advised national workforce
assessments to categorize health workers according to the cadre titles used in their
own country. However, the full complexity and dynamics of the MCH workforce within
each country is difficult to capture. So far, most of the research in this area has focused
on the definition and measurement of particular cadres of MCH workers, e.g. midwives
or paediatricians, not the entire workforce[112-117]. The WHO, for example, has
recently updated its definition of a skilled birth attendant[118], but that definition does
not necessarily help with human resource planning, since the criteria used are not well

aligned with in-country training or qualification systems.

In China, there is no consensus on what constitutes an MCH worker. The health
system allows extensive variation in education, roles and responsibilities between
health workers, and definitions vary over time and between geographical locations[72].
Terms such as “obstetrician” or “paediatrician” are used loosely, and there is no
standard definition. To our knowledge, there has not been a comprehensive

assessment of the profile of MCH workers in China.

Education level, health-related discipline and certification are most commonly used to

understand the profile of health workers in China[41, 62, 72]. Education levels

generally move from primary or middle school to high school or secondary technical

school, junior college, Bachelor’s degree, Master’s degree, and Doctoral degree[72].
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The length of medical training varies between different disciplines, ranging from three
to eight years. The tracking of health-related disciplines is also important, because
China’s educational reforms in 1998 redesigned medical training from the former Soviet
model, which was based on empirical clinical training to a Western model, where
categorizations are based on disciplines from the natural sciences[62]. Certification,
and in particular the “MCH care certificate” (Muying baojian jishu hegezheng, thereafter
referred to as certification), is critical in allowing MCH workers to perform certain duties.
All MCH workers who are directly involved in prenatal diagnosis, delivery care and
termination of pregnancy need to be certified by law to be allowed to perform these
tasks[119]. To be eligible for a certificate, applicants need to have graduated from
secondary technical schools or higher education and hold a valid medical doctor,
nurse/midwife, or medical technician license. Candidates are certified by county-level
or higher-level health authorities after passing a theoretical and skill examination, which
is regulated by National Health and Family Planning Commission (previously the
Ministry of Health).

The density of health workers is widely used as an indicator of health systems
inputs[28, 56]. The Chinese government uses the “density of doctors per 1,000
population” as a performance indicator, but there is very little information on the density
of MCH workers. Work within the MCH field has suggested that the total population
may not accurately reflect the obstetric or paediatric needs of a population. Maternal
health worker density, for example, should be expressed over total number of births,
while child health worker density should be counted per number of children[82, 88,
120]. This is particularly relevant for China since fertility rates are low[121]. Using births
as the reference population, the World Health Report 2005 suggested a minimum
requirement of 20 midwives or 3 doctors (at least part time) per 3600 births per year to

ensure essential maternal and newborn care[122].

The lack of information on the profile and density of MCH workers in China greatly
restricts evidence-informed policy making to address potential workforce issues. The
aim of this study is to systematically review the literature reporting on the profile and

density of MCH workers in Chinese mainland.

3.2.3 Methods

Search strategy

We combined three search terms ‘human resources for health’, ‘MCH services’, and
‘China’ with both thesaurus and free text words (see Appendix A for the full search
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strategy). We searched six English databases (EMBASE, MEDLINE, The Cochrane
Central Register of Controlled Trials, EconLit, Global Health and Web of Science) and
two Chinese databases (China National Knowledge Infrastructure [CNKI] and
Wanfang) with no limitation on language. We searched the literature between October
1, 1949 (founding of the People’s Republic of China), and July 20, 2020. We combined

the search results and removed duplicate papers.

Study selection

We screened studies based on information in their titles and abstracts. All potentially
relevant studies were retrieved for the full texts and reviewed for inclusion. Studies
were eligible for inclusion if they reported on MCH workers active in any aspect of MCH
care from pregnancy to childhood, including antenatal care, childbirth care, postnatal
care, care during infancy and care for children under five. MCH workers were defined
as those who provided MCH services in China and had been trained formally or
informally. The services could be either preventive or curative: for example, vaccination
or prescribing medication for diarrhoea. The studies could be peer-reviewed articles
(English/Chinese) or Chinese Masters or Doctoral theses. We did not add reports
published by the Chinese government such as the Health Statistics Yearbook, the
National Health Survey Report, the National Survey of Health Resources and Medical
Services, because these reports do not provide the profile, or the total count or the
density of any cadre of MCH workers within a defined geographic area. Studies were

excluded if published as conference abstract, poster or editorial.

For studies reporting on MCH workers’ profile, we included facility-based as well as
population-based data, adding the following inclusion criteria: (1) Studies needed to be
based on a census or a sample of one or more cadres of MCH workers either from
communities or from one or multiple units within one or multiple health facilities. Health
facilities were defined as hospitals, health centres or clinics. (2) Reporting the numbers
of at least one cadre of MCH workers, broken down by the level of education, health-

related discipline or certification.

For studies reporting on the density of MCH workers, we only included population-
based data, adding the following inclusion criteria: (1) the numerator was the whole
count of any cadre of MCH workers in a population in a given geographical area, either
from a population census with health occupation data, or from a health workforce
survey with application of a sampling weight to calibrate for population representation.

The denominator was either total population or specific subgroups such as total
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number of women, children or births for the same geographical area. (2) The studies
either reported the density of any cadre of MCH workers directly or reported both the

numerator and the denominator allowing us to calculate the density of MCH workers.

Data extraction

We used a standard data extraction form in Excel to extract the following information:
study source; study setting; data collection methods; MCH worker cadre and definition;
MCH worker profile; MCH worker density. We compared author names, study setting,

sampling methods, and time of study to detect duplicate studies.

Risk of bias assessment

We used the component approach outlined in the Cochrane Handbook to assess the
risk of bias of eligible studies[123]. We assessed the rigor of the study design (e.qg.
whether the sampling strategy for a survey was clearly described), the definition of the
MCH workers and the completeness of data. We classified studies as having a low risk
or high risk or unclear risk of bias. For example, a study was classified as having high
risk of bias for study design if a cross-sectional survey in a single facility was claimed to
be based on random sampling of MCH workers without information on the units from
which the workers were sampled. The risk of bias was deemed to be unclear if the

authors did not report the information for the above criteria.

Data analysis
Profile of MCH workers

We grouped the education levels into three categories: bachelor or higher-level degree,
junior college education, and secondary technical school or lower-level education. We
categorized health facilities into three levels: tertiary (provincial- or municipal-level
facilities), secondary (county-level facilities), and primary level (community health

centres, township hospitals, village clinics).

We combined proportions of MCH workers by each education level using meta-
analysis. To generate confidence intervals within admissible values, we used Clopper-
Pearson exact method to compute the study specific confidence intervals. We

performed the Greeman-Tukey double arcsine transformation method to compute the
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weighted pooled estimates. In the subgroup meta-analyses, studies were stratified by
level of health facility (tertiary/secondary/primary). Due to the variation between study
characteristics, we used random-effects models in the meta-analysis to pool the
proportions by each education level, presenting forest plots. We inspected I? values
and p values from the test of heterogeneity to assess evidence of between-study

variation in the individual proportion estimates not due to random variation.
Density of MCH workers

For studies using total population as denominator, we converted the units of the density
of MCH workers to per 100 000 population and presented the density by detailed cadre
using forest plots. For studies using number of births as denominator, we summarized
the studies in a forest plot. The method for the meta-analysis of density was exactly the
same as what we did for the analysis on education level. Where data were available,
we calculated the ratio of maternal health workers to child health workers or the ratio of

doctors to nurses within individual studies.

All statistical analyses were performed using STATA (Version 14: Stata Corp).

3.2.4 Results

Description of the included studies

Figure 3.1 shows the results of the study search and selection. The database search
identified 4999 English references and 27256 Chinese references. After removing
duplicates, 3392 English references and 25958 Chinese references were excluded
through title and abstract screening. We could not trace the full texts of 11 potentially
relevant studies. Of the 178 English studies and 371 Chinese studies reviewed in full
text, 48 studies were included. We reviewed the automatic e-mail updates of search
results on a weekly basis until July 20, 2020, and added two English papers. We finally
included a total of 50 studies: 35 reporting on MCH workforce profiles[41, 124-160], 18
reporting on the MCH workforce density[41, 151, 159, 161-175] and three covering
both[41, 151, 159]. Most studies were peer-reviewed articles (n=39, 78.0%) while the

remaining were from Masters theses (n=11, 22.0%).
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Figure 3.1: The flow diagram of study selection based on English and Chinese
database searching (PRISMA 2009)

Quality of included studies

For studies reporting on MCH workers’ profile, only eight were judged to be at low risk
of bias across all the domains in the risk of bias assessment[131-133, 144, 146-148,
155]. For studies on MCH workforce’s density, all were judged to have unclear risk of

bias (see Appendix A for quality assessment results).
Studies reporting the profile of MCH workers

Study Characteristics: Of the 35 studies, 33 (94.3%) were done after 1990,

and 32 (91.4%) were done within a single province. Only one study was nationally
representative, reporting on the education level of maternal and child health workers
separately[41]. The MCH workforce in China covers an array of cadres, including

obstetricians, gynaecologists, paediatricians, nurses, midwives, general practitioners,
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specialised public health workers, vaccinators, barefoot doctors, and traditional birth
attendants (see Tables 3.1-3.3 for doctors, nurses and midwives, other cadres

respectively).
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Table 3.1: Studies reporting on doctors: study design and profile

Study Area (period) Care setting Data source Sampling of facilities Sampling of  Definition of health Sample Educational level
health workers size
workers
Doctor
Liao etal, 28 provinces, Neonatal units (Undefined) in Unclear Unclear (data Unclear ("not  "Full-time professionals with 1369 Doctoral (M.D./PhD) degree
2017 (E) except Shanxi, 61 tertiary hospitals either ("reported by submitted by facilities random certificates issued by the 20.4% (279); Master degree
Hainan, Tibet class A provincial or hospital as part of "a request sampling") Ministry of Health" and 50.1% (686); Bachelor degree
(2010) ministerial affiliated hospitals administrator”) for proposals aiming "practice at a single hospital 29.5% (404)
(20 child hospitals, 29 general to evaluate national (dual practice excluded)".
hospitals, 12 MCH key clinical Excluded those in training
institutions) subspecialty and excluded "assistant
indicators"; sampling doctors, respiratory
method not known) therapists, physiotherapists,
pharmacists, and
nutritionists"
Fu, 2012  Yunnan Units (Undefined) in MCH Unclear ("Health Census Census Undefined 229 Bachelor degree or above
© province, institutions (excluding bureau data") 22.3% (51); Junior college
autonomous prefecture-level institution; 48.0% (110); Secondary
prefecture of number not given) technical school 27.5% (63);
Chuxiong High school 1.7% (4); Middle
(2008) school 0.4% (1)
Chen, Fujian province  Units (Undefined) in 1 MCH Unclear Non-random sampling  Census Undefined 408 Master degree or above
2016 (C) (2015) institution (provincial level) ("reported by 31.6%; Bachelor degree
hospital 64.2%; Junior college or
administrator”) below 4.2%
Xiao, Sichuan Units (Undefined) in 20 MCH Structured Census Census Undefined Undefined Master degree or above 0.0%;
2011 (C province, institutions (county level) questionnaire to Bachelor degree 14.3%;
Thesis) randomly health workers Junior college 40.1%;

selected 20 out
of 60 counties
(2008)
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Secondary technical school
45.6% (number not given)



Study Area (period) Care setting Data source Sampling of facilities  Sampling of  Definition of health Sample Educational level
health workers size
workers
Wang et Guangxi Units (Undefined) in 39 MCH Structured Census Census Undefined 1105 Master degree or above 0.2%
al, 2014 province, 39 institutions (county level) questionnaire to (2); Bachelor degree 22.9%
© poor counties health workers (253); Junior college 58.4%
(2012) (646); Secondary technical
school or below 18.5% (204)
Obstetrician or gynaecologist
Huang, Guangxi Obstetrics or gynaecology Structured Census Census "worked in the clinical 321 Bachelor degree or above
2009 (C) province, Baise  department (Undefined) in guestionnaire to departments” 5.9% (19); Junior college
city (2008) 150 township hospital health workers 42.4% (136); Secondary
(Undefined) technical school 51.7% (166)
Feng, et Guangxi Units (Undefined) in 112 Structured Census Census "worked in the clinical 320 Bachelor degree 16.3% (52);
al, 2012 province, 7 county hospital and township questionnaire to departments” Junior college 27.5% (88);
© ethnic minority  hospital (Undefined) health workers Secondary technical school
counties 56.3% (180)
(2010)
Obstetrician only
Lu et al, Jiangxi Outpatient, inpatient and Structured Census Census "provided outpatient, 369 Bachelor degree or above
2010 (C) province, emergency wards (Undefined) questionnaire to inpatient, emergent or 39.8%; Junior college 33.9%;
Nanchang city in 98 health facilities “capable  health workers ambulatory obstetric Secondary technical school
(2008) of providing obstetric services” 26.3% (number not given)
services"
Zhuetal, Shanghai Obstetrics department Structured Census Census Undefined 83 Postgraduate degree 41.0%
2008 (C) (2006) (including inpatient, outpatient  questionnaire to (34); Bachelor degree 57.8%
and emergency ward) in 3 health workers (48);
MCH institution (tertiary level) Junior college 1.2% (1);
Secondary technical school or
below 0.0% (0)
Obstetrics department Same as above Same as above Same as Same as above 194 Postgraduate degree 40.2%
(including inpatient, outpatient above (78); Bachelor degree 58.8%

and emergency ward) in 14
general hospitals (tertiary
level)
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(114); Junior college 0.5% (1);
Secondary technical school or
below 0.5% (1)



Study Area (period) Care setting Data source Sampling of facilities  Sampling of  Definition of health Sample Educational level
health workers size
workers
Obstetrics department Same as above Same as above Same as Same as above 164 Master degree or above 6.1%
(including inpatient, outpatient above (10); Bachelor degree 76.2%
and emergency ward) in 9 (125); Junior college 14.0%
MCH institutions (secondary (23); Secondary technical
level) school or below 3.7% (6)
Obstetrics department Same as above Same as above Same as Same as above 616 Master degree or above 6.0%
(including inpatient, outpatient above (37); Bachelor degree 62.4%
and emergency ward) in 43 (385);
general hospitals (secondary Junior college 27.5% (170);
level) Secondary technical school or
below 4.1% (25)

Obstetrics department Same as above Same as above Same as Same as above 99 Master degree or above 0.0%
(including inpatient, outpatient above (0); Bachelor degree 27.7%
and emergency ward) in 15 (27); Junior college 60.4%
primary health institutions (60); Secondary technical
(Undefined) school or below 11.9% (12)
Obstetrics department Same as above Same as above Same as Same as above 10 Master degree or above
(including inpatient, outpatient above 20.0% (2); Bachelor degree
and emergency ward) in 3 80.0% (8)
private hospitals (Undefined)

Paediatrician

Feng, et Guangxi Units (Undefined) in 112 Structured Census Census Undefined 119 Bachelor degree 30.2% (36);

al, 2012 province, 7 county hospital and township questionnaire to Junior college 43.7% (52);

© ethnic minority ~ hospitals (Undefined) health workers Secondary technical school

counties 26.1% (31)
(2010)
Guo etal, Guangdong Paediatric department Unclear ("data Undefined Undefined Undefined 1157 Doctoral degree 9.8% (114);

2015 (C) province,
Guangzhou

city (2011)

(Undefined) in “all of the 48
tertiary, secondary and
primary health facilities
capable of providing
paediatric care in central city”

from previous
survey")
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Master degree 34.6% (400);
Bachelor degree 52.7% (610);
Junior college or below 2.9%
(33)



Study Area (period) Care setting Data source Sampling of facilities  Sampling of  Definition of health Sample Educational level
health workers size
workers

Paediatric department Same as above Same as above Same as Same as above 205 Doctoral degree 4.8% (10);
(Undefined) in “all of the 31 above Master degree 18.4% (38);
tertiary, secondary and Bachelor degree 72.7% (149);
primary health facilities Junior college or below 4.1%
capable of providing (8)
paediatric care in rural-urban
continuum”
Paediatric department Same as above Same as above Same as Same as above 187 Master degree 7.0% (13);
(Undefined) in “all of the 23 above Bachelor degree 83.4% (156);
tertiary, secondary and Junior college or below 9.6%
primary health facilities (18)
capable of providing
paediatric care in outer
suburbs”

Liu, 2010  Guangdong Units (Undefined) in 21 Structured Non-random sampling  Census Undefined 539 Doctoral degree 1.7% (9);

(¥ province tertiary hospitals (including questionnaire to ("Purposive sampling") Master degree 15.4% (83);

Thesis) (2008) general hospitals and MCH health workers Bachelor degree 76.3% (411);
centres) Junior college or below 2.4%

(13); No degree 4.3% (23)
Units (Undefined) in 32 Same as above Same as above Same as Same as above 575 Doctoral degree 0.2% (1);
secondary hospitals (including above Master degree 5.7% (33);
general hospitals and MCH Bachelor degree 65.6% (377);
centres) Junior college or below 25.9%
(149); No degree 2.6% (15)

Units (Undefined) in 6 primary ~ Same as above Same as above Same as Same as above 80 Doctoral degree 0.0% (0);
hospitals (including general above Master degree 0.0% (0);

hospitals and MCH centres)
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Bachelor degree 51.3% (41);
Junior college or below 48.8%
(39); No degree 0.0% (0)



Study Area (period) Care setting Data source Sampling of facilities  Sampling of  Definition of health Sample Educational level
health workers size
workers
Shao, Zhejiang Paediatric department Unclear ("online Undefined Undefined "work in internal wards" 3662 Master degree or above
2016 (C) province (Undefined) in 265 general survey to health 22.6%; Bachelor degree
(2015) hospitals, MCH institutions, worker") 73.2%; Junior college 4.2%
specialized paediatric (number not given)
hospitals and primary care
institutions (Undefined)
Yang, Guangdong Paediatric department Structured Unclear Census Undefined 2247 Doctoral degree 4.8%; Master
2017 (C province, (Undefined) in 110 health guestionnaire to degree 23.2%; Bachelor
Thesis) Guangzhou facilities “capable of providing  health workers degree 65.1%; Junior college
city (2014) paediatric care" or below 6.9% (number not

given)
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Table 3.2: Studies reporting on nurses and midwives: study design and profile

Study Area (period) Care setting Data source Sampling of facilities ~ Sampling Definition of health Sample Educational level
of health workers size of
workers health
workers
Nurse
Liaoetal, 28 provinces, Neonatal units (Undefined) in Unclear Unclear (data Unclear "full-time professionals with 3443 Doctoral degree 0.1% (2);
2017 (E) except Shanxi, 61 tertiary hospitals either ("reported by submitted by facilities ("not certificates issued by the Master degree 1.2% (40);
Hainan, Tibet class A provincial or ministerial  hospital as part of "a request random Ministry of Health" and Bachelor degree 36.9%
(2010) affiliated hospitals (20 child administrator") for proposals aimingto  sampling”) "practice at a single hospital (2272); Junior college 61.8%
hospitals, 29 general hospitals, evaluate national key (dual practice excluded)". (2129)
12 MCH institutions) clinical subspecialty Excluded those "in training
indicators"; sampling such as interns, trainee
method not known) nurses, fellows, and ward
care workers."
Fu, 2012 Yunnan Units (Undefined) in MCH Unclear ("Health  Census Census Undefined 119 Bachelor degree or above
© province, institutions (excluding bureau data") 8.4% (10); Junior college
autonomous prefecture-level institution; 59.7% (71); Secondary
prefecture of number not given) technical school 24.4% (29);
Chuxiong High school 6.7% (8); Middle
(2008) school 0.8% (1)
Feng, et Guangxi Units (Undefined) in county Structured Census Census "worked in the obstetrics or 337 Junior college 29.4% (99);
al, 2012 province, 7 hospitals and 112 township questionnaire to gynaecology departments” Secondary technical school
© ethnic minority  hospitals (Undefined) health workers 70.6% (238)
counties
(2010)
Same as above Same as above ~ Same as above Same as "worked in the paediatric 135 Junior college 27.4% (37);
above departments” Secondary technical school
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72.6% (98)



Study Area (period) Care setting Data source Sampling of facilities ~ Sampling Definition of health Sample Educational level
of health workers size of
workers health
workers
Liu, 2013  Hunan Units (Undefined) in 1 MCH Structured Undefined Random "provide clinical services at 275 Bachelor degree or above
(® province institution (Undefined) questionnaire to sampling the frontline" 70.9% (195); Junior college
Thesis) (2012) health workers 25.1% (69); Secondary
technical school or below 4.0%
(11
Liu, 2010  Guangdong Units (Undefined) in 21 tertiary ~ Structured Non-random sampling Census Unclear (Paediatric nurse) 726 Master degree or above 0.1%
(c province hospitals (including general questionnaire to  ("Purposive sampling") (1); Bachelor degree 9.4%
Thesis) (2008) hospitals and MCH institutions)  health workers (68); Junior college 43.7%
(317); Secondary technical
school 39.8% (289); No
degree 7.0% (51)
Units (Undefined) in 32 Same as above Same as above Same as Same as above 840 Master degree or above 0.0%
secondary hospitals (including above (0); bachelor degree 4.8%
general hospitals and MCH (40); Junior college 40.0%
institutions) (336); Secondary technical
school 53.0% (445); No
degree 2.3% (19)
Units (Undefined) in 6 primary Same as above  Same as above Same as Same as above 105 Master degree or above 0.0%
hospitals (including general above (0); Bachelor degree 1.0% (1);
hospitals and MCH institutions) Junior college 40.0% (42);
Secondary technical school
59.1% (62); No degree 0.0%
©
Sunetal, Guangdong, Neonatal units (Undefined) in Structured Unclear ("multistage Census Undefined 5582 Master degree or above 1.0%
2014 (C) Hainan, 468 tertiary or secondary guestionnaireto  sampling") (45); Bachelor degree 39.0%
Beijing, Jilin, hospital (Undefined) health workers (2190); Junior college 48.0%
Jiangsu, (2686); Secondary technical
Shandong and schools 12.0% (661)
Zhejiang
(2012)
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Study Area (period) Care setting Data source Sampling of facilities ~ Sampling Definition of health Sample Educational level
of health workers size of
workers health
workers
Zheng, Fujian Paediatric department (internal  Structured Unclear ("selected only  Undefined "provided child health care"; 439 Master degree or above 0.0%
2015 (C province, wards, surgery wards and questionnaire to  those with paediatric excluding those "have not (0); Bachelor degree 17.5%
Thesis) Fuzhou city intensive care units) in 8 health workers departments and been formally registered (73); Junior college 71.1%
(2014) tertiary hospital (capable of permanent staff") and those who were on (288);
providing paediatric service, leave during the Secondary technical school or
including 5 general hospitals, 2 investigation" below 11.4% (44)
specialized children's hospitals
and 1 traditional Chinese
medicine hospital)
Yang, Guangdong Paediatric department Structured Unclear Census Unclear (Paediatric nurse) 2820 Master degree 0.2%; Bachelor
2017 (C province, (Undefined) in 110 health guestionnaire to degree 29.6%; Junior college
Thesis) Guangzhou facilities “capable of providing health workers 47.6%; Secondary technical
city (2014) paediatric care" school or below 22.6%
(number not given)
Wuetal, Shanghai Outpatient, inpatient, Unclear Census Census Unclear (Paediatric nurse) 665 Doctoral degree 0.3% (2);
2017 (C) (2016) emergency and administrative ("reported by Master degree 1.2% (8);
departments, intensive care hospital Bachelor degree 31.9% (212);
units, medical laboratory and administrator"”) Junior college 55.0% (366);
operating room (Undefined) in Secondary technical school
1 tertiary hospital (specialized 11.6% (77)
children's hospital)
Chen, Fujian province  Units (Undefined) in 1 MCH Unclear Non-random sampling Census Undefined 391 Master degree or above 0.3%;
2016 (C) (2015) institution (provincial level) ("reported by Bachelor degree 46.3%; Junior
hospital college or below 53.5%
administrator")
Xiao, Sichuan Units (Undefined) in 20 MCH Structured Census Census Undefined Undefined Master degree or above 0.0%;
2011 (C province, 20 institutions (county level) questionnaire to Bachelor degree 7.8%; Junior
Thesis) out of 60 health workers college 43.8%; Secondary
counties technical school 48.4%
(2008) (number not given)
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Study Area (period) Care setting Data source Sampling of facilities ~ Sampling Definition of health Sample Educational level
of health workers size of
workers health
workers
Wang et Guangxi Units (Undefined) in 39 MCH Structured Census Census Undefined 1351 Bachelor degree 3.4% (46);
al, 2014 province, 39 institutions (county level) questionnaire to Junior college 49.7% (671);
© poor counties health workers Secondary technical school
(2012) 46.9% (634)
Midwives
Lietal, Sichuan Units (Undefined) in 75 health Structured Census Census "held midwifery 259 (32 full-  Master degree or above 0.8%
2014 (C) province, facilities “capable of providing guestionnaire to qualifications”; included time, 227 (2); Bachelor degree 22.4%
Leshan city obstetric services" (public health workers both full-time and part-time part-time) (58); Junior college 35.5%
(2013) hospitals at municipal level 3, staff. (92); Secondary technical
county level 29, township level school 40.5% (105);
38, private hospital 5) High school 0.8% (2)
Ge et al, Shaanxi Units (Undefined) in 68 out of Structured Non-random sampling Census Unclear ("Full-time midwife 367 Bachelor degree 3.5% (13);
2010 (C) province 69 eligible health facilities questionnaire to  (Purposive sampling) staff") Junior college 65.9% (242);
(2008) "capable of providing midwifery  health workers Secondary technical school
services at county or higher 30.4% (112)
level "; excluded MCH
institutions at provincial level;
excluded health facilities with
annual number of natural
deliveries less than 100
Wang, Jilin province, Obstetrics department Structured Census Census “(a) held nursing certificate 197 Master degree or above 11.2%
2012 (C all urban (Undefined) in 28 health questionnaire to and qualification for MCH (22); Bachelor degree 52.8%
Thesis) districts in facilities "capable of providing health workers care; (b) working in obstetric (104); Junior college 26.4%
Changchun midwifery services and at department in the past one (52); Secondary technical
city (2011) county level or above" year; (c) midwifery working school 9.6% (19)

experience was more than
half an year; (d) not on
leave during investigation”
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Table 3.3: Studies reporting on other cadres: study design and profile

Study Area (period) Care setting Data source Sampling of facilities Sampling of  Definition of health workers  Sample size  Educational level
health
workers
Specialized public health worker
Yu et al, Zhejiang Units (Undefined) in 61 Structured Census Census "provided primary health care 61 Junior college or above
2015 (C) province, township hospital and guestionnaire to for children” 75.4% (46); Others
Xiaoshan community health centre  health workers (Undefined)
district in (Undefined)
Hangzhou city
(2009)
Same areaas Same as above Same as above Same as above Same as Same as above 82 Junior college or above
above (2014) above 90.2% (74); Others
(Undefined) 9.8% (8)
He et al, Jiangsu Units (Undefined) in 41 Structured Census Census "provide child healthcare and 45 Secondary technical school
1997 (C) province, township hospitals guestionnaire to practice full-time" 35.6% (16); High school
Jiang du (Undefined) health workers 15.5% (7); Secondary school
district (1996) 48.9% (22)
Shao, 2016 Henan Paediatric department Unclear ("online Undefined Undefined "provide primary healthcare 510 Master degree or above
© province (Undefined) in 265 survey to health for children” 11.5%; Bachelor degree
(2015) general hospitals, workers") 69.4%; Junior college or
maternal and health below 19.1% (number not
institutions, specialized given)
paediatric hospitals and
primary care institutions
(Undefined)
Liao, 2008 Chongging Units (Undefined) in 1 Structured Census Census Undefined 10 Bachelor degree or above
© municipality, MCH institution (tertiary guestionnaire to 50.0%; College degree

Nanan district
(2007)

level)

health workers

56

50.0% (number not given)



Study Area (period) Care setting Data source Sampling of facilities Sampling of  Definition of health workers  Sample size  Educational level
health
workers
Units (Undefined) in 23 Same as above Same as above Same as Same as above 42 Bachelor degree or above
MCH institutions above 19.1% (8); Junior college
(secondary level) 45.2% (19); Secondary
technical school or high
school 31.0% (13); Middle
school or below 4.7% (2)
Luetal, Zhejiang Units (Undefined) in 67 Structured Census Census Undefined 224 Bachelor degree or above
2013 (C) province, township hospital and guestionnaire to 18.3% (41); Junior college
Huzhou community health centre  health workers 50.5% (113); Secondary
(2012) (Undefined) technical school or high
school 28.1% (63); Middle
school or below 3.1% (7)
Guo et al, Zhejiang Units (Undefined) in 62 Structured Unclear ("multi-stage Census Undefined 205 Master degree 0.9% (2);
2015 (C) province, 4 community health guestionnaire to cluster sampling”) Bachelor degree 49.8%
randomly centres (Undefined) health workers (202); Junior college 40.5%
selected (83); Secondary technical
counties in school or below 8.8% (18)
Hangzhou
(2013)
Chen, 1988 Hunan Units (Undefined) in Structured Census Census Undefined 10 Junior college 20.0% (2);
© province, all MCH institutions (county  questionnaire to Secondary technical school
the 25 level; number not given) health workers 60.0% (6); Middle school
townships in 10.0% (1); Primary school
Hengshan 10.0% (1)
county (1987)
Units (Undefined) in Same as above Same as above Same as Same as above 25 Junior college 8.7% (2);
MCH institution above Secondary technical school

(township level; number
not given)
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78.3% (20); Middle school
13.0% (3)



Study Area (period) Care setting Data source Sampling of facilities Sampling of  Definition of health workers  Sample size  Educational level
health
workers
Vaccinator
Shen, Anhui province, Rural clinics or Structured Unclear Random Undefined 280 Junior college or secondary
1991 (C) rural counties vaccination posts guestionnaire to sampling technical school 20.4%;
(1990) (Undefined; number not health workers Medical training length one
given) year or above without degree
24.3%; Medical training
length less than one year
25.4%; Not any training
29.3% (number not given)
Zan et al, Zhejiang Units (Undefined) in 24 Unclear Census Census Undefined 155 Bachelor degree 70.9%
2016 (C) province, child vaccination posts ("reported by (110); Junior college 15.5%
Yinzhou district (Undefined) hospital (24); Secondary technical
in Ningbo city administrator") school or below 13.6% (21)
(2014)
Pharmacist
Chen, Fujian province Units (Undefined) in 1 Unclear Non-random sampling Census Undefined 36 Master degree or above
2016 (C) (2015) MCH institution ("reported by 19.4%; Bachelor degree
(provincial level) hospital 69.4%; Junior college or
administrator") below 11.1%
Xiao, Sichuan Units (Undefined) in 20 Structured Census Census Undefined Undefined Master degree or above
2011 (C province, MCH institutions (county  questionnaire to 12.5%; Bachelor degree
Thesis) randomly level) health workers 12.5%; Junior college 12.5%;

selected 20 out
of 60 counties
(2008)

Medical technician
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Secondary technical school
62.5% (number not given)



Study Area (period) Care setting Data source Sampling of facilities Sampling of  Definition of health workers  Sample size  Educational level
health
workers
Chen, Fujian province Units (Undefined) in 1 Unclear Non-random sampling Census Undefined 77 Master degree or above
2016 (C) (2015) MCH institution ("reported by 20.8%; Bachelor degree
(provincial level) hospital 54.5%; Junior college or
administrator") below 24.7%
Xiao, Sichuan Units (Undefined) in 20 Structured Census Census Undefined Undefined Junior college 42.9%;
2011 (C province, MCH institution (county guestionnaire to Secondary technical school
Thesis) randomly level) health workers or below 57.1% (number not
selected 20 out given)
of 60 counties
(2008)
Wang et Guangxi Units (Undefined) in 39 Structured Census Census Undefined 622 Bachelor degree 9.5% (59);
al, 2014 province, 39 MCH institutions (county  questionnaire to Junior college 45.8% (285);
© poor counties level) health workers Secondary technical school
(2012) 44.7% (278)
Health information worker
Liu et al, Jilin province Units (Undefined) in Structured Census Census "work in MCH information 13 Junior college or above
2012 (C) (2009) MCH institutions guestionnaire to monitoring and statistics" 100% (13)
(provincial level; number  health workers
not given)
Units (Undefined) in Same as above Same as above Same as Same as above 47 Junior college or above
MCH institutions above 74.5% (35); Secondary
(municipal level; number technical school 25.5% (12);
not given) High school or below 0% (0)
Units (Undefined) in Same as above Same as above Same as Same as above 167 Junior college or above
MCH institutions (county above 58.1% (97); Secondary

level; number not given)
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technical school 41.9% (70);
High school or below 0% (0)



Study Area (period) Care setting Data source Sampling of facilities Sampling of  Definition of health workers  Sample size  Educational level
health
workers
Units (Undefined) in 167  Same as above Same as above Same as Same as above 702 Junior college or above
township hospitals above 25.9% (182); Secondary
(Undefined) technical school 70% (491);
High school or below 4.1%
(29)
Village doctor
Liao, Chongging 67 village clinics Structured Census Census "practice in the village clinics 67 Junior college 7.5% (5); High
2008 (C) municipality, (Undefined) guestionnaire to and provide MCH services” school 58.2% (39);
Nanan district health workers Middle school 29.9% (20);
(2007) Primary school 4.4% (3)
Ye, 1992 Jiangsu 30 village clinics Structured Unclear ("random Census “provide maternal health in 588 Secondary technical school
© province, (Undefined) questionnaire to cluster sampling") the villages and are all 0.5%; High school 32.3%;
Dongtai city health workers female” Middle school 50.2%;
(1991) Primary school 17.0%
(Number not given)
Barefoot doctor
Wang, Zhejiang 1 commune hospital Unclear Unclear Census Those "selected by the 2 One-year medical training
1975 (E) province, one (“interviewed a people in the communes and 50.0%; Four-month medical
commune cross-section of are trained in their locale" training 50.0%
named “Four health workers”) and "take on large

Season Green
commune” in the
outskirts of
Hangzhou
(2973)
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responsibilities in caring for
the health of the mother after
birth and the child"



Study Area (period) Care setting Data source Sampling of facilities Sampling of  Definition of health workers  Sample size  Educational level
health
workers
Chen, Hunan province,  NA ("in village") Structured Census Census "work as part-time birth 109 Junior college 9.2%;
1988 (C) all the 25 questionnaire to attendants") Secondary technical school
townships in health workers 16.7%; Middle school 44.0%;
Hengshan Primary school 38.5%; No
county (1987) schooling 1.8%
Traditional birth attendant
Chen, Hunan province,  NA ("in village") Structured Census Census Undefined 215 Secondary technical school
1988 (C) all the 25 guestionnaire to 13.0% (28);
townships in health workers Middle school 18.5% (40);
Hengshan Primary school 51.8% (111);
county (1987) No schooling 16.7% (36)
Maternal health worker
Cheung et Zhejiang Maternity units Structured Unclear (“the units and Unclear ("not  “offer midwifery services 241 _
al, 2011 Province, 7 cities  (Undefined) in 9 guestionnaire to hospitals were chosen random including all midwives,
(E) (2009) hospitals (Undefined) health workers by the researchers sampling”) nurses, doctors, doulas” )
because they have
personal contacts
there")
Huang, Guangxi Obstetrics or Structured Census Census "work in the preventive 163 Bachelor degree or above
2009 (C) province, Baise gynaecology department  questionnaire to medical departments and 3.7% (6); Junior college
city (2008) (Undefined) in 150 health workers provide maternal healthcare” 27.6% (45); Secondary
township hospitals technical school 68.7% (112)
(Undefined)
Zhao, Xinjiang Uygur Obstetrics or paediatric Structured Census Census "provide frontline maternal 78 College degree or above
2007 (C) Autonomous department (Undefined) questionnaire to health care” 33.3% (26); Secondary
Region, Xinyuan in 112 health facilities health workers technical school 61.5% (48);
county (2004) “capable of providing Others (Undefined) 5.2% (4)

maternal care at county
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Study Area (period) Care setting Data source Sampling of facilities Sampling of  Definition of health workers  Sample size  Educational level
health
workers
level or township level”
Renetal, 332randomly Units (Undefined) in all Structured Clustered random Census "provide curative and Undefined Master degree or above
2015 (E) selected districts  general hospitals guestionnaire to sampling ("All the preventive healthcare for 3.2%; Bachelor degree
and counties in (Undefined; number not health workers medical and health women and hold at least one 32.7%; Junior college 40.9%;
27 provinces given) (answered by institutions providing legal health qualification High school or below 23.1%
(2010) hospital MCH services in certificate." (Number not given)
administrator) randomly selected
districts/cities")
Units (Undefined) in all Same as above Same as above Same as Same as above Same as Master degree or above
MCH institution above above 1.4%; Bachelor degree
(Undefined; number not 28.2%; Junior college 38.1%;
given) High school or below 32.4%
(Number not given)
Units (Undefined) in all Same as above Same as above Same as Same as above Same as Master degree or above
township hospitals/ above above 0.1%; Bachelor degree
Community health 12.3%; Junior college 45.4%;
centres (Undefined; High school or below 42.3%
number not given) (Number not given)
Units (Undefined) in all Same as above Same as above Same as Same as above Same as Master degree or above
family planning service above above 0.0%; Bachelor degree

Child health worker

stations (Undefined;
number not given)

62

16.2%; Junior college 48.5%;
High school or below 35.3%
(Number not given)



Study Area (period) Care setting Data source Sampling of facilities Sampling of  Definition of health workers  Sample size  Educational level
health
workers
Renetal, 332randomly Units (Undefined) in all Structured Clustered random Census "provide curative and Undefined Master degree or above
2015 (E) selected districts  general hospitals questionnaire to sampling ("All the preventive healthcare for 4.6%; Bachelor degree
and counties in (Undefined; number not health workers medical and health children and hold at least one 37.4%; Junior college 39.5%;
27 provinces given) (answered by institutions providing legal health qualification High school or below 18.4%
(2010) hospital MCH services in certificate." (Number not given)
administrator) randomly selected
districts/cities")
Units (Undefined) in all Same as above Same as above Same as Same as above Same as Master degree or above
MCH institutions above above 0.9%; Bachelor degree
(Undefined; number not 30.4%; Junior college 41.6%;
given) High school or below 27.1%
(Number not given)
Units (Undefined) in all Same as above Same as above Same as Same as above Same as Master degree or above
township hospitals/ above above 0.1%; Bachelor degree
Community health 13.6%; Junior college 46.5%;
centres (Undefined; High school or below 39.8%
number not given) (Number not given)
Units (Undefined) in all Same as above Same as above Same as Same as above Same as Master degree or above
family planning service above above 0.0%; Bachelor degree

stations (Undefined;
number not given)

17.6%; Junior college 58.8%;
High school or below 23.5%
(Number not given)
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Education level: Education level was reported in nearly all the studies (n=34,

97.1%). In the meta-analysis, the weighted average proportions of doctors having
bachelor degree or above, junior college education, and secondary technical school or
below were 67.0% (95% CI: 59.6%-74.3%), 23.0% (10.0%-40.0%), and 14.0% (5.0%-
28.0%) respectively (Table 3.4). The total was not exactly 100% because not all
studies contributed data to each of the three categories. For example, a study may
solely report the proportion of doctors holding bachelor degree or above and the
aggregate proportion of junior college education or below, contributing only to the
meta-analysis of the proportion of bachelor degree or above. For nurses, the estimated
proportions were 20.0% (12.0%-30.0%), 46.4% (41.2%-51.5%) and 33.1% (24.2%-
41.9%) respectively. For other cadres, the estimated proportions were 18.0% (5.0%-
36.0%), 18.0% (6.0%-34.0%) and 71.0% (46.0%-91.0%) respectively.
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Table 3.4: Meta-analyses of the proportion of education level, stratified by cadre and
level of facility

Bachelor or above Junior college Secondary technical

school or less

Proportion, % 12, % Proportion, % 12, % Proportion, % 12, %
Doctor
Primary 27.7 (1.5-53.9) 97.2  47.0 (42.0-51.0) 89.8 41.0 (37.0-46.0)  98.7
Secondary 61.3 (31.7-90.9) 99.6 32.0 (10.0-59.0) 99.3 8.0 (1.0-20.0) 98.1
Tertiary 97.4 (94.9-100.0) 92.3 0.0 (0.0-2.0) 0.0 0.0 (0.0-1.0) 0.0
Mixed 65.1 (54.9-75.3)  99.7  29.0 (9.0-55.0)  99.1 34.0 (20.0-50.0)  96.1
Overall 67.0 (59.6-74.3)  99.8  23.0 (10.0-40.0) 99.6 14.0 (5.0-28.0) 99.1
Nurse
Primary 1.0 (0.0-5.0) - 40.0 (30.3-49.7) - 59.0 (49.3-68.8) -
Secondary 4.0 (2.7-5.3) 53.8  44.9 (35.4-54.4) 94.8 51.0 (42.9-59.2)  92.9
Tertiary 34.0 (20.9-50.0)  99.3  50.4 (38.5-62.2) 98.3 23.7 (7.8-39.6) 99.2
Mixed 20.0 (9.0-33.0) 99.9  44.6(38.0-51.1) 96.4 31.0 (20.1-42.0)  99.2
Overall 20.0 (12.0-30.0) 99.8 46.4 (41.2-51.5) 97.6 33.1(24.2-41.9) 99.4
Other cadres
Primary 3.0 (0.0-12.0) 96.4  11.1(1.0-29.0) 98.1 83.0 (51.0-100.0)  99.7
Secondary 10.0 (3.0-19.0) 445  44.0(37.0-52.0) 43.7 47.0 (32.0-62.0)  75.4
Tertiary 77.0 (58.0-91.0) 69.9  50.0(18.7-81.3) - - -
Mixed 63.0 (38.0-85.0) 97.1 155 (10.2-22.2) - 29.0 (23.0-35.0) 98.6
Overall 18.0 (5.0-36.0) 99.4 18.0 (6.0-34.0) 98.7 71.0 (46.0-91.0) 99.7

Notes: - indicates statistics cannot be calculated, due either to no observation or only one study included.

All the p values from the test of heterogeneity between groups are less than 0.001.

Subgroup meta-analyses stratified by facility level showed that lower-level health
facilities had lower proportions of MCH workers with bachelor or higher-level degrees
(Table 3.4, Figures 3.2-3.10). Subgroup meta-analyses lowered the |2 statistics for
almost all the groups. For doctors, the pooled weighted average proportion of having
bachelor or higher-level degrees was 27.7% (1.5%-53.9%) at primary level facilities
(Figure 3.2). The proportion for nurses was 1.0% (0.0%-5.0%), while that for other
cadres was 3.0% (0.0%-12.0%).
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Facility Detailed %
Study Period Province Area type cadre Proportion(95% CI) Weight
Primary
Zhu et al, 2008 (C) 2006  Shanghai  Urban General hospital Obstetrician 27.3(18.8,37.1) 45

Heterogeneity between groups: p = 0.000

Overall (I-squared = 99.8%, p = 0.000) 670(596,743) 1000

Huang, 2009 (C) 2008 Guangg  Rural General hospital Obstetrician or gynaecologist 4= \ 59(36,9.1) 48
Liu, 2010 (C Thesis) 2008  Guangdong Mixed Mixed Paediatrician — 51.3(39.8,62.6) 44
Subgroup (--squared = 97.2%, p = 0.000) — 1 27.7(15,53.9) 137
1
Secondary I
Zhu et al, 2008 (C) 2006 Shanghai  Urban MCH institution  Obstetrician ! —— 823(75.6,8738) 47
Zhuetal, 2008 (C) 2006 Shanghai  Urban General hospital Obstetrician 4’- 68.5(64.7,72.2) 48
Liu, 2010 (C Thesis) 2008 Guangdong Mixed Mixed Paediatrician - 715(676,751) 48
Wang et al, 2014 (C) 2012 Guangd  Rural MCH instituion Doctor (unspecified) > ' 231(206,257) 48
Subgroup (I-squared = 99.6%, p = 0.000) — 613(31.7,009) 191
1
Tertiary I
Zhu et al, 2008 (C) 2006  Shanghai  Urban MCH institution Obstetrician ! -4 093.8(93.5 999 48
Zhuetal, 2008 (C) 2006  Shanghai  Urban General hospital Obstelrician : - 09.0(96.3,00.9) 48
Liu, 2010 (C Thesis) 2008  Guangdong Mixed Mixed Paediatrician | + 93.3(90.9,953) 48
Liao et al, 2017 (E) 2010 Multiple Urban Mixed Doctor (unspecified) | & 100.0(99.7,100.0) 48
Chen, 2016 (C) 2015 Fujian Urban MCH institution  Doctor (unspecified) I & 053334076 48
Subgroup (I-squared = 92 3%, p = 0.000) | &> 974(949,1000) 242
1
Mixed !
Fu, 2012 (C) 2008  Yunnan Mixed MCH institution Doctor (unspecified) —— ! 223(171,282) 47
Luetal, 2010 {C) 2008  Jiangxi Urban Mixed Obstetrician —p— ! 30.8(34.8, 45.0) 47
Feng, et al, 2012 (C) 2010 Guangxi Rural  General hospital Obstelrician or gynaecologist - : 16.3(12.4,208) 48
Feng, etal, 2012 (C) 2010 Guangxi Rural General hospital Paediatrician —r— | 303(22.2,393) 46
Guo et al, 2015 (C) 2011 Guangdong Urban Mixed Paediatrician | & 071(36.0 930) 49
Guo etal, 2015 (C) 2011 Guangdong Mixed Mixed Paediatrician | 4 051(9250983) 48
Guo etal, 2015 (C) 2011 Guangdong Rural Mixed Paediatrician | - 90.4(852,042) 48
Yang, 2017 (C Thesis) 2014 Guangdong Urban Mixed Paediatrician 1 & 021(%20,941) 49
Shao, 2016 (C) 2015 Zhejiang Mixed Mixed Paediatrician ! & 058951 964) 49
Subgroup (-squared = 99.7%, p = 0.000) -r_:'__"'f_‘:- 65.1(54.9,75.3) 43.0
1

0 50 100

NOTE: Weights are from random-effzcts model

Figure 3.2: Forest plot showing the proportion of doctors holding bachelor or higher-
level degrees

Facility Detailed %
Study Period Province Area type cadre Proportion (95% Cl)  Weight
Primary
Zhu et al, 2008 (C) 2006  Shanghai Urban General hospital Obstetrician | —_—— 80.6 (50.3,70.3) 16
Huang, 2009 (C) 2008  Guangxi Rural General hospital Obstetrician or gynaecologist | -+ 424 (36.9,48.0) 17
Subgroup (-squared = 89.8%, p=0.002) | <> 47.0(42.0,51.0) 15.3
1
Secondary |
Zhu et al, 2008 (C) 2006 Shanghai Urban MCH insfitution Obstetrician - 14.0(9.1,20.3) 7
Zhu et al, 2008 (C) 2006  Shanghai Urban General hospital Obstetrician o 276(241,31.3) 17
\Wang et al, 2014 (C) 2012 Guangti Rural MCH insfitution Doctor (unspecified) ! + 585 (55.5,614) T8
Subgroup (-squared = 99.3%, p = 0.000} -—J"—-_F_:___-—_-— 32.0(10.0,58.0) 232
|
Tertiary |
Zhu et al, 2008 (C) 2006 Shanghai Urban MCH insfitution Obstetrician - 1 1.2(0.0,65) 16
Zhu et al, 2008 (C) 2006 Shanghai Urban General hospital Obstetrician * | 05(00,28) 17
Liao et al, 2017 (E) 2010 Multiple  Urban Mixed Doctor (unspecified) ] ! 0.0(0.0,03) T8
Subgroup (-squared = 0.0%, p = 0.598) b : 0.0(0.0,2.0) 230
Mixed !
Fu, 2012 (C) 2008 Yunnan Mixed MCH insfitution Doctor (unspecified) | —— 480 (414,547 7
Luetal 2010 (C) 2008 Jiangxi  Urban Mixed Obstetrician e 339(29.4,30.0) 7
Feng, etal, 2012 (C) 2010 Guangxi Rural General hospital Obstetrician or gynagcologist - 275(227,327) 7
Feng, etal, 2012 (C) 2010 Guangéi Rural General hospital Pasdiatrician | —— 437(346,53.1) 16
Shao, 2016 (C) 2015 Zhejiang  Mixed Mixed Paediatrician + ! 42(36,49) 18
Subgroup (squared = 99.1%, p = 0.000} 29.0(9.0,55.0) 385

Heterogeneity between groups: p = 0.000

Overall --squared = 99.6%, p = 0.000) 23.0(10.0,40.0) 100.0

N

NOTE: Weights are from random-=fects model

Figure 3.3: Forest plot showing the proportion of doctors holding junior college
education
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Facility Detailed %

Study Period Province Area  fype cadre Propartion (95% CI) Weight
Primary
Zhu etal, 2008 (C) 2006 Shanghai Urban General hospital ~ Obstetrician —— 12.1(6.4,202) 8.2
Huang, 2009 (C) 2008 Guangxi  Rural  General hospital ~ Obstetrician or gynaecologist I —— 51.7(46.1,57.3) 8.4
Subgroup {l-sguared = 98.7%, p = 0.000) : o 41.0(37.0, 46.0) 166
Secondary ;
Zhu et al, 2008 (C) 2006 Shanghai Urban MCH institution  Cbstetrician * 37014,7.8) 8.3
Zhu et al, 2008 (C) 2006 Shanghai Urban General hospifal — Chstetrician * 41(28,59) 8.4
Wang et al, 2014 (C) 2012 Guangxi Rural MCHinstitution  Doctor (unspecified) x 165(16.2,209) 8.4
Subgroup (I-squared = 98.1%, p = 0.000) -c:'.‘::l- 8.0(1.0,20.0) 251
Tertiary |
Zhuetal 2008 (C) 2006 Shanghai Urban MCH instituion  Obstetrician >~ I 0.0(0.0,43) 8.2
Zhu etal, 2008 (C) 2006 Shanghai Urban General hospital ~ Obstetrician * I 05(0.0,2.8) 8.3
Liao et al. 2017 (E) 2010 Multiple  Urban  Mixed Doctor (unspecified) * I 0.0(0.0,0.3) 8.4
Subgroup {l-sguared = 0.0%, p = 0.776) } ; 0.0(0.0,1.0) 249
Mixed :
Fu, 2012 (C) 2005 Yunnan  Mixed MCH institution  Doctor (unspecified) | —— 297239, 36.1) 8.3
Luetal 2010 (C) 2008 Jiangsi Urban  Mixed Obstetrician . 26.3(218,31.1) 8.3
Feng, etal, 2012 (C) 2010 Guangxi Rural General hospifal Cbstetrician or gynaecclogist I . 56.3(50.6, 61.8) 8.4
Feng, etal, 2012 (C) 2010 Guangxi Rural  General hospital —Paediatrician | —p— 26.1(18.4, 349) 8.4
Subgroup (I-squared = 96.1%, p = 0.000) ; -:3— 34.0(20.0, 50.0 334
I

Helerogeneity between groups: p = 0.000

Overall {I-squared = 99.1%, p = 0.000) -d:“.:-— 140 (5.0, 28.0) 1000

0 50 100

NOTE: Weights are from random-efiscts model

Figure 3.4: Forest plot showing the proportion of doctors with secondary technical
school education or below

Facility Detailed %

Study Period Province  Area fype cadre Proportion (95% CI)  Weight
Primary
Liu, 2010 (C Thesis) 2008 Guangdong Mixed Mixed MNurse (paediatric) > ! 1.000.0,52) 8.0
Subgroup (l-squared = %, p=) D : 1.000.0, 5.0 8.0
Secondary !
Liu, 2010 (C Thesis) 2008 Guangdong Mixed Mixed MNurse (paedialric) * : 433464 83
Wang et al, 2014 (C) 2012 Guangxi Rural  MCH insfitufion  Murse (unspecified) [ ] | 34025 45) 8.3
Subgroup (I-squared = 53.8%, p = 0.141) [+ | 402753 126
Tertiary !
Liu, 2010 (C Thesis) 20068  Guangdong Mixed Mixed Murse (paedialric) +* : 95075 11.9) 8.3
Lizo et al, 2017 (E) 2010 Mulfiple Urban  Mixed Murse (paedialric) | * 38.2(36.5,39.8) 8.3
Liu, 2013 (C Thesis) 2012 Hunan Urban MCH insfitufion  Murse (unspecified) | - 708 (65.2,78.2) 8.2
Zheng, 2015 (C Thesis) 2014 Fujian Urban  Mixed Murse (paediafric) 'Q-I 16.6(13.3,20.4) 8.3
Chen, 2016 (C) 2015 Fujian Urban MCH insfitufion  Murse (unspecified) | —— 465 (41.5,51.8) 8.3
Wu et al, 2017 (C) 2016 Shanghai  Urban Childcare only  Murse (paediafric) I - 334(298,37.1) 8.3
Subgroup (I-squared = 99.3%, p = 0.000] I-$- 340(209,50.0) w7
Mixed !

I
Fu, 2012 (C) 2008 Yunnan Mixed MCH insfifufion ~ Murse (unspecified) —p— | 84041 149) 8.1
Feng, et al, 2012 (C) 2010 Guangxi Rural  General hospital Murse (obstefric or gynaecologil | 0.0{0.0,1.1) 83
Sunefal 2014 (C) 2012 Mulfiple Urban  Mixed MNurse (paediatric) N » 400(388 41.3) 83
Yang, 2017 (C Thesis) 2014 Guangdong Urban Mixed Nurse (paedialric) I * 298 (281,315 83
Ge etal, 2010 (C) 2008 Shaanxi Mixed Mixed Midwife > I 35(19,60) 8.3
Wang, 2012 (C Thesis) 201 liin Urban  Mixed Midwife —— 64.0 (56.3, 70.7) 8.2

Heterogeneity between groups: p = 0.000

I
Lietal 2014 (C) 2013 Sichuan Mixed Mixed Midwife 232(182,28.8) 6.2
Subgroup (I-squared = 99.9%, p = 0.000) 200(9.0, 330 437
I
(Overall (|-squared = 89.8%, p= 0.000) d:-‘-

200 (12.0,30.0) 100.0

0 50 100

NOTE: Weights are from randorm-effects model

Figure 3.5: Forest plot showing the proportion of nurses (including midwives) holding
bachelor or higher-level degrees
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Facility Detailed %
Study Period Province Area type cadre Proportion(35% CI)  Weight
Primary
Liu, 2010 (C Thesis) 2008 Guangdong Mixed Mixed Nurse (paediatric) : 40.0 (30.8, 50.0) 57
Subgroup (I-squared = %, p =) 40.0 (303, 49.7) 57
Secondary :
Liu, 2010 (C Thesis) 2008 Guangdong Mixed Mixed Nurse (paediatric) -+, 40.0(36.7, 43.4) 6.9
Wang et al, 2014 (C) 2012 Guang<  Rural MCH institution Murse (unspecified) e 49.7 (47.0, 52 4) 70
Subgroup (I-squared = 94.8%, p = 0.000) - 449 (354, 54.4) 139
1
Tertiary ]
Liu, 2010 (C Thesis) 2008 Guangdong Mixed Mixed Nurse (paediatric) -+ 437 (40.0,47.4) 6.9
Liao et al, 2017 (E) 2010 Multiple Urban Mixzed Nurse (paediatric) 1 * 61.8 (602 635) 71
Liu, 2013 (C Thesis) 2012 Hunan Urban MCH institution Murse (unspecified) —— 1 25.1(20.1,30.7) 6.6
Zneng, 2015 (C Thesis) 2014 Fujian Urban Mixed Nurse (paediatric) ' - 65.6 (61.0, 70.0) 6.7
W et al, 2017 (C) 2016 Shanghai Urban Childcare only Nurse (paediatric) . 55.0(512 588) 68
Subgroup (I-squared = 93.3%, p = 0.000) -=F.':=- 50.4(385,622) 342
Mixed !
Fu, 2012 (C) 2008 Yunnan Mixed MCH institution Murse (unspecified) e 59.7 (50.3, 68.6) 5.8
Feng, etal, 2012 (C) 2010 Guangxi  Rural General hospital Nurse (obstelric or gynaecologic) —— ! 29.4 (24.8, 34.8) 6.7
Sun etal, 2014 (C) 2012 Multiple Urban Mixed Nurse (paediatric) s 48.1(46.8,49.4) 71
Yang, 2017 (C Thesis) 2014 Guangdong Urban Mixed Nurse (paediatric) P 47.6(45.7, 49.5) i1
Ge etal 2010(C) 2008 Shaanxi Mixed Mized Midwife | —— 65.9 (608, 70.8) 67
Wang, 2012 (C Thesis) 2011 Jilin Urban Mixed Midwife —— \ 26.4(204,33.1) 6.4
Lietal, 2014 (C) 2013 Sichuan Mixed Mixed Midwife —— 355(29.7,41.7) 6.5
Subgroup (l-squared = 96 4%, p = 0.000) -¢- 446 (380,511) 462
1
Heterogeneity between groups: p = 0.000
Overall (I-squared = 97 6%, p = 0.000) -d> 46.4 (412 515) 100.0
| | |
0 50 100
NOTE: Weights are from random-2fiects modl
Figure 3.6: Forest plot showing the proportion of nurses (including midwives) holding
junior college education
Facility Detailed %
Study Period Province  Area  type cadre Proportion(95% CI)  Weight
Primary
Liu, 2010 (C Thesis) 2008  Guangdong Mixed Mixed Murse (paediatric) ; —_—— 59.0 (49,0, 65.5) 63
Subgroup (-squared = % p=) | - 59.0 (49.3 68.8) 63
I
Secondary \
Liu, 2010 (C Thesis) 2008  Guangdong Mixed Mixed Murse (paediatric) | 552 (51.8, 58.6) 67
Wang et al, 2014 (C) 2012 Guangxi Rural MCHinstitufion ~ Murse (unspecified) 1 + 459 (44.2 496) 63
Subgroup (I-squared = 92.9%. p=0.000) | -ch 51.0(42.9,59.2) 135
[
Tertiary 1
Liu, 2010 (C Thesis) 2008  Guangdong Mixed Mixed Murse (paediatric) 1 - 46.5 (43.2, 50.5) 67
Liu, 2013 (C Thesis) 2012 Hunan Urban MCHinstitufion ~ Murse (unspecified) > I 40(2.0,7.0) 63
Zheng, 2015 (C Thesis) 2014 Fujian Urban  Mixed Murse (paediatric) + | 10.0(74,13.2) 6.8
Chen, 2016 (C) 2015 Fujian Urban MCHinstitufion ~ Murse (unspecified) I —— 485 (41.5,51.6) 67
Wu et al, 2017 (C) 2016 Shanghai  Urban Childcare only  Murse (paediatric) + ! 116092, 14.3) 63
Subgroup (--squared = 99.2%. p = 0.000) — b 237(78,396) 317
[
Mixed !
Fu, 2012 (C) 2008 Yunnan Mixed MCHinstitufion  Murse (unspecified) + 319 (237 41.1) 64
Feng, etal, 2012 (C) 2010 Guangxi Rural ~ General hospital  Murse (obstetric or gynaecologic) ! —r— T0.6 (65.4, 75.4) 67
Sun et al, 2014 (C) 2012 Mulfiple Urban  Mixed Murse (paediatric) * : 11.8(11.0,127) 63
Yang, 2017 (C Thesis) 2014 Guangdong Urban Mixed Murse (paediatric) [ ] ) 226(211,242) 63
Geetal 2010(C) 2008 Shaanx Mixed Mixed Midwife —.I— 30.5(25.8,355) 67
Wang, 2012 (C Thesis) 2011 Jiin Urban  Mixed Midvife - | 96(59,147) 67
Lietal 2014 (C) 2013 Sichuan Mixed Mixed Midwife: —— 413(35.3,476) 66
Subgroup (I-squared = 99.2%. p=0.000) -::::-" 31.0 (201, 42.0) 466
I
Heterogeneity between groups: p = 0.000
Overall (1-squared = 99.4%, p = 0.000) <ﬂ::> 331(242.419) 1000

NOTE: Weights are from randomr-efiects model

100

Figure 3.7: Forest plot showing the proportion of nurses (including midwives) with
secondary technical school education or below
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Facility Detailed %

Study Period Province  Area  type cadre Proportion (95% Cl)  Weight
Primary
Chen, 1985 (C) 1987 Hunan Rural  MCH institution Public health worker — 00(00,137) 51
He et al, 1997 (C) 1996 Jiangsu Rural  General hospital ~ Public health worker — 0.0(00,7.9) 53
Lu et al, 2013 (C) 2012 Zhejiang Mixed General hospital  Public health worker + 18.3(13.5, 24.0) 54
Guo etal, 2015 (C) 2013 Zhejiang Urban  General hospital ~ Public health worker 1 —— 507 (437, 57.8) 54
Shen, 1991 (C) 1390 Anhui Rural ~ Mixed Vaccinator | 00(00,13) 54
Liao, 2008 (C) 2007 Chongqing  Rural  General hospital  Village dactor | 0.0(00,54) 53
Ye, 1992 (C) 1991 Jiangsu Rural  General hospital  Village doctor | 0.0(00,08) 54
Chen, 1955 (C) 1987 Hunan Rural  General hospital ~ Barefoot doctor 0.0(00,33) 33
Chen, 1985 (C) 1987 Hunan Rural  General hospital ~ Traditional birth attendant; ! 00 17} 54
Huang, 2009 (C) 2008 Guangxi Rural ~ General hospital ~ Maternal health worker | 37 73) 53
Subgroup (-squared = 96.4%, p = 0.000) : 3.0(0.0,12.0) 532
Secondary 1
Chen, 1988 (C) 1987 Hunan Rural ~ MCH institution Public health worker — 0.0(0.0,30.9) 48
Liao, 2008 (C) 2007 Chongging  Urban  MCH institution Public health worker e — 19.0 (8.6, 34.1) 52
Wang et al, 2014 (C) 2012 Guangxi Mixed MCH institution Medical fechnician 1 85(73,12.1) 54
Subgroup (I-squared = 44.5%, p = 0.163) & 10.0(3.0,19.0) 154
Tertiary :
Liao, 2008 (C) 2007 Chongging  Urban  MCH institution Public health worker f + 500(18.7,81.3) 48
Chen, 2016 (C) 2015 Fujian Urban  MCH institution Pharmacist | —— 53.9(73.9,96.9) 52
Chen, 2016 (C) 2015 Fujian Urban  MCH institution Medical technician | 5 75.3(84.2, 34.4) 53
Subgroup (I-squared = 63.9%, p = 0.036) h 77.0(58.0,91.0) 153
Mixed
Shao. 2016 (C) 2015 Zhejiang Mixed Mized Public health worker ! - 81.0(77.3,843) 54
Zanetal 2016 (C) 2014 Zhejiang Urban  Childcare only Vaccinator | —— 71.0(631,78.0) 53
Zhao, 2007 (C) 2004 Xinjiang Mixed  Mixed Matemal health worker | —— 3330231, 449) 53
Subgroup (l-squared = 97.1%, p = 0.000) 1 B e — 63.0(35.0, 85.0) 160

1
Heterogeneity between groups: p = 0.000 |
Overall (I-squared = 99 4% p = 0.000) —— 18.0 (50, 36.0) 100.0

| | |
0 50 100

NOTE: Weights are from random-effacts model

Figure 3.8: Forest plot showing the proportion of other health workers holding bachelor
or higher-level degrees

Facility Detailed %

Study Period Province  Area  fype cadre Proportion (95% CI)  Weight
Primary .
Chen, 1938 (C) 1987 Hunan Rural  MCH institufion  Public health worker +|— §.0(1.0,26.0) 69
He et al, 1997 (C) 1996 Jiangsu Rural  Generalhospital  Public healih worker e 1 0.0(0.0,79) 71
Luetal, 2013 (C) 2012 Zhejiang Mixed General hospital  Public health worker I —— 504(437,572) T4
Guaetal, 2015 (C) 2013 Zhejiang Urban  General hospital ~ Public health worker I —— 405(337,475) T4
Liao, 2008 (C) 2007 Chongging  Rural  General hospital  Village doctor - 75(25 16.6) 72
e, 1992 (C) 1991 Jiangsu Rural  General hospital  Village doctor + ! 0.0(0.0,0.8) T4
Chen, 1938 (C) 1987 Hunan Rural ~ General hospital ~ Barzfoot doctor | 92(4516.2) T3
Chen, 1988 (C) 1987 Hunan Rural  General hospital  Traditional birth attendant dy | 0.0(0.0,17) T4
Huang, 2009 (C) 2008 Guangxi Rural  General hospital ~ Maternal health worker | —— 276(209,35.1) 74
Subgroup (I-squared = 88.1%. p = 0.000) 'CI.‘:=— 11.1(1.0,28.0) 636
Secondary :
Chen, 1938 (C) 1987 Hunan Rural  MCH institution  Public health warker —p— 200(2.5,5586) 6.2
Liao, 2008 (C) 2007  Chongging Urban MCH institution  Public health worker 1 —— 452(298,613) 71
Wang et al, 2014 (C) 2012 Guangd Mixed MCH institution ~ Medical technician 1 -+~ 456419, 49.8) T4
Subgroup (l-squared = 43.7%. p = 0.169) I Q- 44.0(37.0,52.0) 208

1
Tertiary I
Liao, 2008 (C) 2007  Chongging Urban MCH institution  Public health worker I & 50.0(18.7,813) 6.2
Subgroup (-squared = %, p= ) —— 500(187,813) £2

I
Mixed !
Zanetal, 2016 (C) 2014 Zhejiang Urban  Childcare only Vaecinator —0-|— 155{102,222) T4
Subgroup (-squared = %, p= ) C} 155(102,22.2) 74

I
Helerogeneity between groups: p= 0.000
Overall (I-squared = 98.7%, p = 0.000) <d::=— 18.0(6.0,340) 100.0

| I |
0 50 100

NOTE: Weights are from random-effects model

Figure 3.9: Forest plot showing the proportion of other health workers holding junior
college education
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Study Period Province  Area
Primary

Guoetal, 2015 (C) 2013 Zhejiang Urban
Liao, 2008 (C) 2007 Chongging  Rural
He et al, 1957 (C) 1996 Jiangsu Rural
Chen, 1988 (C) 1987 Hunan Rural

Huang, 2009 (C) 2008 Guangsi Rural
Chen, 1988 (C) 1987 Hunan Rural
Ye, 1992 (C) 1991 Jiangsu Rural
Chen, 1988 (C) 1987 Hunan Rural

Facility Detailed %

type cadre Proportion (35% CI}  Weight
General hospital ~ Public health worker - 8.8(53,135) 72
General hospital ~ Village doctor ——  025(334975) 72

General hospital  Public health worker — 100.0(92.1,100.0) 11
General hospital  Traditional birth attendant & 100.0(98.3 100.0) 72
General hospital ~ Matemal health worker —— 68.7(61.0,75.7) 72
MCH instifution ~ Public healh worker —— D20(740,990) 70
General hospital ~ Village doctor & 1000(39.4 100.0) 73

1
1
1
General hospital ~ Barefoot doctor | — 90.8(83.8,95.5) 72
1

Luetal, 2013(C) 2012 Zhejiang Mixed General hospital  Public health worker —— 313252 37.8) 72
Subgroup (-squared = 99.7%, p = 0.000) —T e 530510, 100.0) 647
|
Secondary :
Liao, 2008 (C) 2007 Chongging Urban MCH institution  Public health worker —_—— | 35.7421.8,52.0) 74
Chen, 1988 (C) 1987 Hunan Rural  MCH instifution  Public health worker —ee e 00.0(44.4,975) 66
Wang et al, 2014 (C) 2012 Guangyi Mixed MCH institution  Medical fechnician - 1 4470407 487) 73
Subgroup (-squared = 75.4%, p = 0.017) "'--."":::‘-5— | 47.0(32.0,62.0) 208
1
Mixed :
Zhao, 2007 (C) 2004  Xinjiang Mixed Mixed Matemal health worker —_— B6.7(55.1,76.9) 12
Zanetal, 2016 (C) 2014 Zhejiang Urban  Childcare anly Vaccinator —— 1 13.5(8.8,20.0) 72
Subgroup (-squared = 38.6%, p = 0.000) <> 1 29.0423.0,35.0) 144
1
Heterogeneity between groups: p=0.000 !
Overall (1-squared = 89.7%, p = 0.000) —-ij:_‘_“'._—'-— 1.0 (46.0, 91.0) 1000
I I I
0 50 100

NOTE: Weights are from randam-effects model

Figure 3.10: Forest plot showing the proportion of other health workers with secondary
technical school education or below

Health-related discipline: Twelve studies provided information on MCH

workers’ health-related discipline (Table 3.5) [132, 144-148, 151, 153-157]. The one

study reporting on paediatricians suggested that they had all studied clinical medicine

whilst obstetricians and gynaecologist had degrees from either “Clinical medicine” or

“Maternal and child health” (a subarea of “Public health”).

Table 3.5: Health-related discipline training received by MCH workers

Cadre (number of studies)

Health-related discipline

Obstetrician or gynaecologist (1)
Paediatrician (1)

Nurse (1)

Midwife (3)

Specialized public health worker

®)

Vaccinator (2)

Health information worker (1)

Maternal health worker (1)

Clinical medicine, Maternal and child healthcare
Clinical medicine

Nursing

Midwifery, Nursing, Clinical medicine

Clinical medicine, Nursing, Public health, Auxiliary medicine, Maternal
and child healthcare

Clinical medicine, Traditional Chinese medicine, Nursing, Midwifery,
Public health, Non-medical specialty

Clinical medicine, Nursing, Health sciences, Computer sciences

Nursing, Midwifery, Maternal and child healthcare, Clinical medicine

Notes: The total number of studies exceeds 12 because two studies provide information for different

cadres of MCH workers
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Certification: Only two studies provided information on MCH workers’
certification. One study in 2013 reported that only half (52.4%, 714 out of 1364) of the
MCH workers from Chongging held valid certification[160]. Among the other half of the
MCH workers, 37.5% were incorrectly certificated not for the role in which they worked,
and 10.1% provided MCH services without holding any certification. Similarly, another
study surveyed all the obstetricians, obstetric nurses and midwives from township
hospitals in Baise city, Guangxi, in 2008, finding that respectively 7.5% (24 out of 321
obstetricians), 68.5% (102 out of 149 obstetric nurses) and 4.7% (2 out of 43 midwives)
of the MCH workers did not hold any certificate[131].

Studies reporting the density of MCH workers

Study Characteristics: The included studies are summarized by cadre (Tables

3.6-3.8). Of the 18 studies on density, 17 (94.4%) were done after 1990, and 5 (27.8%)
were nationally representative[41, 161, 162, 170, 174]. The single-province studies
included Zhejiang (n=3), Anhui (n=2), Guangdong (n=2), Yunnan (n=2), Shanghai
(n=1), Jiangsu (n=1), Xinjiang (n=1), and Liaoning (n=1).
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Table 3.6: Studies reporting on doctors: study design and density

Study Area (period) Care setting Definition of No. of Data source of  Population Size of Data source of Density
health workers health health worker denominator population population
workers number denominator

Doctor (Obstetrician or gynaecologist)
Renetal, 332 randomly Obstetrics or gynaecology department "work in the 26776 Structured Unclear ("total Undefined Unclear ("from 2.01 per
2018 (E) selected (Undefined) in all the medical and health obstetric or questionnaire population”) local 10,000

districts and institutions providing MCH services, gynaecology to health government") population

counties in 27 including general hospital, MCH institution,  departments” and facilities

provinces Township hospital, Community health "hold professional (answered by

(2010) centre, Family planning service station, certificates" hospital

Other facility (Undefined; number not administrator)
given)

Xue etal, "All the Undefined Undefined Undefined Unclear Unclear (“total Undefined Unclear (Record 0.8 per 10,000
2003 (C)  administrative (Record review  population in review of population

units defined as of data rural area”) "National health

county collected by statistics

representative Health yearbook")

of the rural statistical

areas at centre, National

national level" bureau of

(2000) statistics)
Doctor (Obstetrician)
Tao et Anhui Province,  All the 23 facilities in county A and 44 in B "with three-to-five  82in Unclear Number of 121,483 in Unclear ("data 0.67 per 1,000
al, 2011 2 rural counties including village clinic, township hospital, years of medical county A; ("Health bureau  women of county A; from local health women of
(E) (2006) county hospital (Undefined) training and work 95 in data") reproductive 220,187 in bureau") reproductive

in obstetrics” county B age (aged 15- county B agein A
49 years) county;
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Study Area (period) Care setting Definition of No. of Data source of  Population Size of Data source of Density
health workers health health worker denominator population population
workers number denominator
county
Chen et Jiangsu Obstetrics department (Undefined) in all Undefined 710 Unclear Unclear ("total 7,282,835 Record review of  0.97 per
al, 2017 province, the 97 health facilities "capable of providing ("Health bureau  population™) the “sixth 10,000
© Nantong city obstetrics services" data") National census”  population
(2016)
Hu et al, Zhejiang Units (Undefined) in all the 70 health Undefined 675 Structured Number of 72,098 Undefined 9.4 per 1,000
2010 (C)  province, facilities "capable of providing obstetrics questionnaire annual live annual live
Hangzhou city services" to health births births
(2007) facilities
Jietal, Anhui province Units (Undefined) in all the 1358 health Undefined 6798 Unclear Number of 61,440,000 Unclear (Record 1.11 per
2017 (C)  (2017) facilities "capable of providing obstetrics ("Health bureau  population review of "Anhui 10,000
services" data") actually statistics population
residing in the yearbook 2015")
area
Zhu, Shanghai Units (Undefined) in all health facilities Undefined 1164 Structured Number of 23,804,300 Record review of  0.49 per
2013 (C)  (2012) “capable of providing obstetric services" questionnaire population “Shanghai 10,000
(number not given) to health actually Statistics residential
facilities residing in the Yearbook 2012” population
area
Yang et Yunnan Units (Undefined) in all the 125 health Undefined 952 Structured Number of 96,325 Unclear (Record 9.9 per 1,000
al, 2016 province, facilities “capable of providing obstetric questionnaire annual births review of "Annual  annual births
© Kunming city services" to health report of MCH
(2014) facilities 2014")
Wang, Xinjiang Units (Undefined) in all health facilities Undefined 62 Structured Number of Undefined Unclear (Record 6.9 per 1,000
2015 (C province, “capable of providing obstetric services" questionnaire annual births review of "Annual  annual births
Thesis) Yecheng (number not given) to health report of MCH in
county (2013) facilities Xinjiang 2007-
2012")
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Study Area (period) Care setting Definition of No. of Data source of  Population Size of Data source of Density
health workers health health worker denominator population population
workers number denominator
Xinjiang Same as above Same as above 42 Same as above Same as above  Undefined Same as above 2.3 per 1,000
province, annual births
Shache county
(2013)
Doctor (Paediatrician)
Song et 332 randomly Units (Undefined) in all medical and health "provide child 16830 Structured Unclear ("total Undefined Undefined 1.26 per
al, 2016 selected institutions providing MCH services, healthcare in the questionnaire population”) 10,000
(E) districts and including general hospital, MCH institution,  frontline” to health population
counties in 27 Township hospital, Community health facilities
provinces centre, Family planning service station, (answered by
(2010) Other facility (Undefined; number not hospital
given) administrator)
Chen et Jiangsu Paediatric department (Undefined) in all the  Undefined 430 Unclear Unclear ("total 7,282,835 Record review of  0.59 per
al, 2017 province, 58 health facilities “capable of providing ("Health bureau  population™) the “sixth 10,000
© Nantong city paediatric care” data") National census”  population
(2016)
Jin, 2016  Yunnan Paediatric department (Undefined) in all the  Undefined 15 Unclear Number of 30,200 Unclear ("data 0.49 per 1000
(¥ province, 2 county hospitals (Undefined) ("Health bureau  children aged O from local health children aged
Thesis) Eshan county data") and 14 bureau") between 0 and
(2015) 14
Xue etal, "All the Undefined Undefined Undefined Unclear Number of rural  Undefined Unclear (Record 0.4 per 10,000
2003 (C)  administrative (Record review  population review of population
units defined as of data "National health
county collected by statistics
representative Health yearbook")
of the rural statistical
areas at centre, National
national level" bureau of
(2000) statistics)
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Study Area (period) Care setting Definition of No. of Data source of  Population Size of Data source of Density
health workers health health worker denominator population population
workers number denominator
Zhang et 31 provinces, Units (Undefined) in all the 76 children’s “a doctor certified 135524 Structured Number of Undefined Undefined 4 per 10,000
al, 2019 2733 counties hospital, 2184 MCH institutions and 43922 by the National questionnaire children aged children aged
(E) (2016) primary hospitals, capable of “providing Health to health under 14 under 14
paediatric care” Commission and facilities

licensed as
specializing in
medical care for
children”

(answered by
senior hospital
manager)
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Table 3.7: Studies reporting on nurses and midwives: study design and density

Study Area (period) Care setting Definition of No. of Data source of Population Size of Data source Density
health workers health health worker denominator population of population
workers number denominator
Nurse
Song et al, 332 randomly Units (Undefined) in all medical and "provide child 18134 Structured Unclear ("total Undefined Undefined 1.36 per 10,000
2016 (E) selected health institutions providing MCH healthcare in the guestionnaire to population") population
districts and services, including general hospital, MCH  paediatric health facilities
counties in 27 institution, Township hospital, Community  department” (answered by
provinces health centre, Family planning service hospital
(2010) station, Other facility (Undefined; number administrator)
not given)
Ren et al, 332 randomly Obstetrics or gynaecology department "work in the 23465 Structured Unclear (“"total Undefined Unclear (“from  1.76 per 10,000
2018 (E) selected (Undefined) in all medical and health obstetric or guestionnaire to population) local population
districts and institutions providing MCH services, gynaecology health facilities government")
counties in 27 including general hospital, MCH departments” and (answered by
provinces institution, Township hospital, Community ~ "hold professional hospital
(2010) health centre, Family planning service certificates". administrator)
station, Other facility (Undefined; number
not given)
Chen et al, Jiangsu Obstetrics department (Undefined) in all Unclear 968 Unclear ("Health Unclear ("total 7,282,835 Record review  1.33 per 10,000
2017 (C) province, the 97 health facilities "capable of (“Obstetric bureau data") population") of the “sixth population
Nantong city providing obstetrics services" nurse”) National
(2016) census”
Paediatric department (Undefined) in 58 Unclear 631 Same as above Same as above 7,282,835 Record review  0.86 per 10,000
health facilities “capable of providing (“Paediatric of the “sixth population
paediatric care” nurse”) National
census”
Hu et al, Zhejiang Units (Undefined) in all the 70 health Unclear 1109 Structured Annual live 72,098 Undefined 15.5 per 1,000
2010 (C) province, facilities "capable of providing obstetrics (“Obstetric nurses guestionnaire to births annual births

Hangzhou city

services"

including

76

health facilities



Study Area (period) Care setting Definition of No. of Data source of Population Size of Data source Density
health workers health health worker denominator population of population
workers number denominator
(2007) midwives")
Zhu, 2013 Shanghai Units (Undefined) in all health facilities Unclear 2032 Structured Number of 23,804,300 Record review  0.85 per 10,000
© (2012) “capable of providing obstetric services" (“Obstetric guestionnaire to population of “Shanghai residential
(number not given) nurse”) health facilities actually Statistics population
residing in the Yearbook
area 20127
Yang et al, Yunnan Units (Undefined) in all the 125 health Unclear 1597 Structured Number of 96,325 Unclear 16.6 per 1,000
2016 (C) province, facilities “capable of providing obstetric (“Obstetric guestionnaire to annual births (Record annual births
Kunming city services" nurse”) health facilities review of
(2014) "Annual report
of MCH 2014")
Midwives
Tao et al, Anhui All the 23 facilities in A county and 44 "with three-year 29in Unclear ("Health Number of 121,483 in Unclear ("data  0.24 per 1,000
2011 (E) Province, 2 facilities in B county including village midwifery county A;  bureau data") women of county A; from local women of
rural counties clinic, township hospital, county hospital training” 56 in reproductive 220,187 in health reproductive age
(2006) (Undefined) county B age county B bureau") in A county;
0.25 per 1,000
women of
reproductive age
in in B county;
Ren et al, 332 randomly Obstetrics or gynaecology department "work in the 9966 Structured Unclear ("total Undefined Unclear ("from  0.75 per 10,000
2018 (E) selected (Undefined) in all the medical and health obstetric or guestionnaire to population”) local population

districts and
counties in 27
provinces
(2010)

institutions providing MCH services,
including general hospital, MCH
institution, Township hospital, Community
health centre, Family planning service
station, Other facility (Undefined; number
not given)

gynaecology

departments” and
"hold professional

certificates".
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(answered by
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Study Area (period) Care setting Definition of No. of Data source of Population Size of Data source Density
health workers health health worker denominator population of population
workers number denominator
Jietal, Anhui province  Units (Undefined) in all the 1358 health Undefined 4674 Unclear ("Health Number of 61,440,000 Unclear 0.77 per 10,000
2017 (C) (2017) facilities "capable of providing obstetrics bureau data") population (Record population
services" actually review of
residing in the "Anhui
area statistics
yearbook
2015")
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Table 3.8: Studies reporting on other cadres: study design and density

Study Area (period)  Care setting Definition of health No. of Data source of Population Size of Data source of Density
workers health health worker denominator population population
workers number denominator
Specialized public health worker
Hu et al, 2014 Zhejiang All the immunization clinic "full-time vaccination Undefined  Unclear ("Health Unclear ("total  Undefined Undefined 0.13 per 10,000
(E) Province, 90 (Undefined; number not personnel and part- bureau data") population") population (SD
counties given) time public health 0.28, ranging
(2013) workers who work in from 0.03 to 3.74
childhood in different
immunization." counties)
Guo et al, Zhejiang Units (Undefined) in all the “provide MCH 205 Structured Population 2,570,300 Unclear ("data 0.8 per 10,000
2015 (C) province, 4 62 community health services” guestionnaire to actually permanent provided by permanent
randomly centres (Undefined) health facilities residing in the  residential surveyed residential
selected area population facilities") population
counties in
Hangzhou city
(2013)
Zou et al, 2016  Guangdong Units (Undefined) in all “provide maternal 297 Unclear (Record Annual Undefined "Annual report of 3.14 per 1000
© province, community health health services” review of number of maternal health in pregnant women
Guangzhou institutions (Undefined; "Guangzhou annual  pregnant Guangzhou 2009"
city (2009) number not given) report of MCH and women
healthcare")
Same as Same as above “provide child health 321 Same as above Annual Undefined Unclear (Record 0.51 per 1000
above services” number of review of "Annual children aged
children aged report of child between 0 and 6
between 0 health (<7 years
and 6 by old) in Guangzhou
actual 2009")
residence
Guangdong Same as above “provide MCH 404 Same as above Annual Undefined Unclear (Record 3.38 per 1000
province, number of review of "Annual
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Study Area (period) Care setting Definition of health No. of Data source of Population Size of Data source of Density
workers health health worker denominator population population
workers number denominator
Guangzhou services” pregnant report of maternal pregnant women
city (2013) women health in
Guangzhou
2013")
Same as Same as above “provide MCH 415 Same as above Annual Undefined Unclear (Record 0.52 per 1000
above services” number of review of "Annual children aged
children aged report of child between 0 and 6
between 0 health (<7 years
and 6 actually old) in Guangzhou
residing in the 2013")
area
Vaccinator
Chen et al, Guangdong All the 174 village clinics "who provided 939 Unclear ("Health Unclear ("total 7,272,034 Undefined 1.29 per 10,000
2010 (C) province, (Undefined) outpatient bureau data") population™) population
Guangzhou immunization services
city (2003) for children”
Same areaas  All the 210 village clinics Same as above 1356 Same as above Same as 7,989,937 Same as above 1.70 per 10,000
above (2009) (Undefined) above population
Barefoot doctor
Wang, 1975 Liaoning All the 15 health stations "selected by the 26 Unclear Number of 28,053 Undefined 9.3 barefoot
(E) province, (Undefined) people in the ("interviewed health  population doctors per
Shenyang city communes and are workers") actually 10,000
(1973) trained in their locale" residing in the population

and "take on large
responsibilities in
caring for the health
of the mother after
birth and the child"
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Study Area (period) Care setting Definition of health No. of Data source of Population Size of Data source of Density
workers health health worker denominator population population
workers number denominator
Traditional birth attendant
Wang, 1975 Liaoning All the 15 health stations "give care and regular 16 Unclear Number of 28,053 Undefined 5.7 midwives per
(E) province, (Undefined) check-ups to (“interviewed health  population 10,000
Shenyang city pregnant women, workers") actually population
(2973) attend to deliveries at residing in the
home and give area
postnatal care to
mother and child"
Maternal and child health worker
Ren et al, 2015 332 randomly Units (Undefined) in all the "provide curative and 77248 Structured Unclear ("total  Undefined Undefined 5.5 per 10,000
(E) selected 5168 medical and health preventive healthcare guestionnaire to population") population at
districts and institutions providing MCH for women and health facilities national level (5.7
counties in 27 services, including general children and hold at (answered by for the east, 5.7
provinces hospital, MCH institution, least one legal health hospital for the west
(2010) Township hospital, qualification administrator) regions, and 5.1
Community health centre, certificate.” for the central
Family planning service region)
station, Other facility
(Undefined)
Maternal health worker
Ren et al, 2015 332 randomly Units (Undefined) in all the "provide curative and 315382 Structured Unclear ("total  Undefined Undefined 2.23 per 10,000

(E) selected
districts and
counties in 27
provinces
(2010)

medical and health
institutions providing MCH
services, including general
hospital, MCH institution,
Township hospital,
Community health centre,
Family planning service
station, Other facility

preventive healthcare
for women and hold
at least one legal
health qualification
certificate.”
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guestionnaire to
health facilities
(answered by
hospital
administrator)

population™)

population at
national level
(2.13 for the east,
2.31 for the west
regions, and 2.24
for the central
region)



Study Area (period) Care setting Definition of health No. of Data source of Population Size of Data source of Density
workers health health worker denominator population population
workers number denominator
(Undefined; number not
given)
Child health worker
Ren et al, 2015 332 randomly Units (Undefined) in all the "provide curative and 19853 Structured Unclear ("total  Undefined Undefined 1.41 per 10,000

(E) selected
districts and
counties in 27
provinces
(2010)

medical and health
institutions providing MCH
services, including general
hospital, MCH institution,
Township hospital,
Community health centre,
Family planning service
station, Other facility
(Undefined; number not
given)

preventive healthcare
for children and hold
at least one legal
health qualification
certificate.”

guestionnaire to
health facilities
(answered by
hospital
administrator)

population ")

population at
national level
(1.21 for the east,
1.76 for the west
regions, and 1.33
for the central
region)
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Density by cadre: For studies using total population as the denominator

(Figure 3.11), the weighted average density of MCH doctors was 11.9 (95% CI: 7.5-
16.2) per 100 000 population (n=5) and that of MCH nurses was 11.4 (7.6-15.2) (n=6).
For studies using number of births as the denominator (Figure 3.12), the weighted
average density of obstetricians was 9.0 (95% CI: 7.9-10.2) per 1000 births (n=3) and
that of obstetric nurses was 16.0 (14.8-17.2) per 1000 births (n=2).

Detailed %
Study Period Province Level cadre Density (95% Cl)  Weight
Daoctor
Ren et al, 2018 (E) 2010 Multiple National ~ Obstetrician or gynaecologist :0 201(201,201) 200
Chen et al, 2017 (C) 2016 Jiangsu City Obstetrician Q[ 97(97,98) 200
Jietal, 2017 (C) 2017 Anhui Province  Obstetrician 0' A1, 111 200
Song et al, 2016 (E) 2010 Multiple National ~ Paediatrician |0 126(126,126) 200
Chen et al, 2017 (C) 2016 Jiangsu City Paediatrician 0: 59(59,59) 200
Subgroup (I-squared = 100.0%, p = 0.000) ¢ 11.9(75,16.2) 100.0

Nurse

Song et al, 2016 (E) 2010 Multiple National ~ Nurse (paediatric) b 136 (136,136) 167
Ren et al, 2018 (E) 2010 Multiple National ~ Nurse (obstetric or gynaecologic) :0 176(176,176) 167
Chen et al, 2017 (C) 2016 Jiangsu City Nurse (obstetric or gynaecologic) ]0 13.3(133,133) 167
Chen et al, 2017 (C) 2016 Jiangsu City Nurse (paediatric) 0’ 87(86,87) 167
Renetal, 2018 (E) 2010 Multiple  National ~ Midwife 0‘ 15(75.15) 16.7
Jietal, 2017 (C) 2017 Anhui Province  Midwife Ql 16(76,76) 16.7
Subgroup (I-squared = 100.0%, p = 0.000) é 1.4(76,152) 100.0

0 50 100

NOTE: Weights are from random-effects modal

Figure 3.11: Forest plot showing the density of MCH workers by cadre, per 100 000
population
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Detailed %

Study Period Province Level cadre Density (95% CI) ~ Weight
Doctor
Huetal, 2010 (C) 2007 Zhejiang  City Obstetrician &‘ 9.4(8.7,10.1) 385
|
Yang et al, 2016 (C) 2014 Yunnan City Obstetrician . 9.9(9.3,10.5) 397
1
Wang, 2015 (C Thesis) 2013 Xinjiang  County  Obstetrician L 6.9(5.3,8.8) 218
Subgroup (I-squared = 79.7%, p = 0.007) ‘ 9.0(7.9,10.2) 100.0
Nurse
1
Yang et al, 2016 (C) 2014 Yunnan City Nurse (obstetric) * 16.6(158,174) 515
|
Huetal, 2010 (C) 2007 Zhejiang  City Nurse (obstetric) T 15.4(145,163) 485

Subgroup (I-squared = 73.2%, p = 0.054) 16.0 (14.8,17.2)  100.0

0 50 100

NOTE: Weights are from random-effects mode!

Figure 3.12: Forest plot showing the density of MCH workers by cadre, per 1000 births

Ratios of MCH workers: Three studies allowed us to calculate the ratio of

maternal to child health workers (Figure 3.13). The density of the maternal health
workers was between 1.6 and 6.5 times higher than the density of child health workers.
Six studies allowed us to calculate the ratio of MCH nurse density to MCH doctor
density (Figure 3.14). The ratio of obstetric nurses to obstetricians ranged from 1.4:1 to

1.7:1. The ratio of paediatric nurses to paediatricians ranged from 1.1:1 to 1.7:1.

7.0

woosw
o o [}

Ratio of health workers

~
o

10

0.0
Renetal, 2015 (E) Xue et al, 2003 (C) Zouet al, 2016 (C)

Maternal health worker/ Matemnal health worker/ Maternal health worker/

Child health worker Child health worker Child health worker

Figure 3.13: Maternal-to-child health worker ratio
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Figure 3.14: Nurse-to-doctor ratio

3.2.5 Discussion

The aim of the review was to describe the profile and density of MCH workers in China
and to help understand how the MCH workforce development contribute to China’s
achievement in MCH. The study has three main findings. First, only two thirds of
obstetricians and paediatricians had a bachelor or higher degree. This proportion was
lower in primary level facilities (28%). For nurses involved in MCH care the proportions
with a bachelor or higher degree were lower (20.0% in any health facility and 1% in
primary care facilities). Second, the proportions of MCH workers who held a certificate
— arigorous system introduced by the Chinese Government to regulate who can
perform MCH tasks — ranged from 32% (47 of 149 obstetric nurses) to 95% (41 out of
43 midwives) in primary care facilities. Third, the average density of obstetricians was
9.0 (7.9-10.2) per 1000 births and that of obstetric nurses 16.0 (14.8-17.2) per 1000
births. The density of MCH workers is much higher than what has been recommended

internationally (three doctors with obstetric skills or 20 midwives per 3600 births).

Obstetricians, paediatricians and other MCH worker cadres were much less educated
at the primary level than at the tertiary level. That is partly because most medical
school graduates in China compete to join large hospitals, where their salaries, working
conditions and career opportunities are superior to those offered by primary-level
health facilities[176]. The mobility rate of experienced and qualified health workers in
primary-level health facilities is high[177]. The lower capacity of MCH workers at the
primary level is also seen in other LMICs. China’s strategy has been to achieve

widespread deployment of the workforce first and then to upgrade the skills of the
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providers to improve the standard of care gradually. Such strategy contributed to the
higher density of obstetricians and obstetric nurses as compared to the international
benchmark. Similar strategies are also seen in the expansion of the insurance
schemes, where universal health insurance coverage is achieved first and an

improvement of the benefit package follows[178].

Although the education level of MCH workers is variable, China achieved near-
universal access to childbirth in health facilities with low maternal mortality and
neonatal mortality as a result[19, 109]. Childbirth is now concentrated in well-staffed
hospitals at secondary and tertiary levels, whereas primary level facilities focus on
antenatal care and screening of high-risk pregnancies[109]. Concentrating births in
large facilities facilitates an efficient and effective midwifery and obstetric skill mix, with
providers being highly trained and equipped to ensure safe birth. The government no
longer allows caesarean sections to be provided at township hospitals, where maternal
health workers now focus on home visits, birth preparedness, and postpartum follow-
up. In addition, accredited obstetricians from tertiary facilities regularly visit secondary
or primary level facilities to provide in-service training and supervision[109]. Evidence
from other countries has shown that some MCH tasks do not require advanced skills
and health workers with no advanced training can perform well provided that they get
supervision from higher-level facilities[179]. Another example is immunization, which is
not a complex intervention. Although primary level facilities are poorly staffed for highly
medicalised services, immunization is offered largely at primary care level. In rural
areas, immunization is actively promoted by village doctors, who only have basic levels

of education.

Certification of MCH workers is an important strategy to ensure that particular tasks are
only performed by those skilled and equipped to do so [180, 181]. We found that not all
MCH workers held a valid certificate. The finding does not necessarily imply that this is
a failure of certification mechanism. Health facilities are required to comply with the
regulations relating to certification of MCH workers. But there is a lack of information on
the degree of compliance of health facilities with the regulations. It could be partly due
to the fact that limited resources have been put in place to enforce the certification law.
Although rare evidence exists, this problem might also occur in private hospitals, which

are often less regulated.

Our study has found that for density of MCH workers, the population denominator has
been used more often than birth denominator. The weighted average density of MCH
doctors reported in our study (11.9 per 100 000 population) was similar to that in

Sweden and France in 2012 — 12.1 and 12.3 respectively[182]. However, fertility in
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these countries is higher than in China, so comparisons may not be valid. We echo
Gabrysch and colleagues’ recommendations about the need to enhance discriminatory
power of density indicators and measure density of different cadres of MCH workers
according to specific demographic profile, for example, define density of obstetricians

using per births instead of per population[82].

Through the analysis of MCH worker ratio, we found a larger maternal health workforce
than child health workforce, and more nurses than doctors. Although no gold standard
exists for the ratio of maternal to child health workers, the shortage of child health
workers in China has been a long concern. Paediatrics is not a popular choice for
medical students due to the heavy workload, low salary compared with other medical
professions and intense doctor-patient relationships[183]. The revealed deficit in the
availability of child health workers needs to be addressed through implementing
targeted human resource policies, such as through the salary and bonus systems or
improved working conditions. Compared with the optimal 2:1 nurse-to-doctor ratio as
recommended by WHO[28], the nurse-to-doctor ratio in MCH area was less than
optimal. China has a long history of having a low nurse-to-doctor ratio. The nurse-to-
doctor ratio was estimated around 1:10 in the early 1950s (WHO, 2015)[36]. The
situation was reversed with an estimated nurse-to-doctor ratio of 1.1:1 in 2019[25].

China still needs to step up its training of nurses to perform the MCH services.

In the era of SDGs, many countries address MCH workforce challenges through task-
shifting and creating cadres capable to provide antenatal care, intrapartum care,
postpartum care and paediatric care[184]. It is necessary to look at the MCH workforce
as a whole in country systems to complement to the measurement of particular cadres
of MCH workers. While the presented MCH waorkforce analysis was confined to
Chinese mainland, the analysis we have done is likely to apply to many LMICs which
do not apply international training standards, e.g. Vietnam, Myanmar and Zambia[185].
As countries try to address MCH workforce gaps, reliable and up-to-date information on
the profile and density of MCH workers is urgently needed for evidence-based policy
making. This calls for improved methods in future primary data collection, including

clear definitions of MCH workers and robust measurement of MCH workforce density.

Our study has several limitations. First, we found no studies reporting on the private
sectors, where the profile of MCH workers may be different from those working in the
public sector. Second, we only focused on the length of education without analysing
the content of training, so we did not assess the skills of the MCH workers. Third, we
did not separate the data by year for the meta-analysis because that would result in too

few studies for each cadre and each subgroup. Given that 94% of the included studies
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were done after 1990 and health workforce usually takes a decade or a generation to
develop[87], the difference in time period was unlikely to change the results. Fourth,
there were relatively too few studies contributing to each subgroup (less than 10
studies). Subgroup proportions need to be interpreted with uncertainty. Fifth, there
could be some mis-reporting given the methods used to report on MCH workers. Last,
the quality of the included studies needs careful scrutiny, because there is unclear and

high risk of bias in almost all studies.

3.3 Conclusion

The high density of MCH workers in China is achieved through a mix of workers with
high and low educational profiles. Many workers labelled as “obstetricians or
“paediatrician” have lower qualifications than expected. China compensates for these
low educational levels through task-shifting, in-service training and supervision. In a
global context, particularly in the area of maternal and newborn health, many countries
are pushing for degree level qualification of skilled health professionals. China’s
experience in training and optimising the roles of less educated MCH workers can be

further explored as a strategic option for poor-resourced settings.
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Chapter 4. Levels, trends and determinants of child mortality in
China from 1949 to 2019: a scoping review

To address the second objective of the thesis, this chapter begins by presenting the
existing data sources on child mortality from 1949 to 2019, with a description of the
data quality. It further describes the national trend and medical causes of child mortality
in the same period. The ecological and individual-level determinants of child mortality
levels are then described. Lastly, the determinants of child mortality decline are

described separately from the determinants of child mortality levels.
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4.1 Introduction

Most robust large-scale studies on infant and child mortality appeared after 1990 when
high-quality mortality data became available[21, 186, 187]. A recent review of China’s
progress in reproductive, maternal, newborn, child and adolescent health in the past 70
years only showed actual data on child mortality (including the NMR, IMR and U5MR)
at national level between 1990 and 2019 [17]. Less is known about trends in infant and
under-5 mortality from 1949 to the present, leaving a knowledge gap. Even less is
known about the medical causes or determinants of child deaths than about trends in
child mortality. A comprehensive review of the levels, trends and determinants of the
IMR and the USMR over a long time period is important to inform priority setting for
interventions and research in the coming decades. In view of the large number of
countries still struggling with high infant and child mortality levels in the world, an in-
depth case study of China may also help other LMICs to learn lessons on how mortality
could be reduced.

4.1.1 Objectives

The objective of this chapter is to assess China’s progress in reducing infant and
under-5 mortality by evaluating trends from 1949 to 2019 using published and
unpublished data, to improve understanding of the determinants that underpinned the

achievement, and to identify knowledge gaps by a scoping review.
Specific objectives are:

(1) to summarize the data sources on the levels and medical causes of infant and
under-5 mortality in China, to highlight differences between the sources and to describe

their quality; and

(2) to present the levels of the infant and under-5 mortality rate at the national level

based on available data from the reviewed data sources; and

(3) to identify the determinants of infant and under-5 mortality at the ecological and at

the individual level, and the determinants of mortality decline.
4.2 Methods

4.2.1 Study design

| chose to do a scoping review instead of a systematic review because the study

purpose is to identify the extent of evidence on the IMR and the USMR decline in China

rather than to answer a precise question regarding a certain intervention or practice. |

followed the guidelines listed in the Preferred Reporting Items for Systematic Reviews
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and Meta- Analyses Extension for Scoping Reviews (PRISMA- ScR) to perform the

review[123].

4.2.2 Search Strategy

| undertook parallel searches of both bibliographic databases and the grey literature.
For bibliographic databases, | searched two English databases (EMBASE and
MEDLINE) and two Chinese databases (China National Knowledge Infrastructure
[CNKI] and Wanfang) for published studies on 4 April 2021, with no limitation on
language. The full search strategy is shown in Appendix B. Reference lists of
potentially relevant articles were manually searched. For the grey literature, | consulted
official government websites (including the State Council and the National Health
Commission) and websites of international organisations (the World Health
Organization, the United Nations and the Institute for Health Metrics and Evaluation) for
records on levels of infant or child mortality and the medical causes of infant or child
deaths. Age groups were defined as infancy (0-11 months) or childhood (under 5

[

years). | used the keywords “infant mortality rate”, “child mortality” and “under-5
mortality rate” to search for records in the websites. All the data searches in the official
government websites were done in Chinese while the searches in the non-government

websites were done in English.

4.2.3 Document selection

I included reports issued by the government or international organizations or peer-
reviewed studies reporting nationally representative data with sufficient quality on the

levels or medical causes of infant or child mortality for any year or period after 1949.

| included peer-reviewed studies attempting to quantitatively analyse the determinants
of the level of infant or child mortality. | included ecological studies if authors reported
the IMR or the USMR with associated determinants either nationally representative or
sub-nationally representative from any subnational context (region/province/county) in
China. In addition, measures of association (crude regression coefficient, adjusted
regression coefficient, relative risk) needed to be reported. | also included individual
level studies (national and subnational) if authors reported numerical data on infant
deaths or deaths under 5 with an appropriate denominator, having a sample size of at
least 30 children, and reported relative risks of mortality comparing different
characteristics of children, e.g. children living under a defined poverty line versus those
living over the poverty line. Systematic reviews, cohorts, case-control studies, cross-

sectional studies and ecologic studies were all eligible for inclusion.

91



| also included peer-reviewed studies attempting to quantitatively explain the decline in
infant or child mortality. | included both ecological studies and individual level studies if
authors quantitatively attributed child mortality decline in a defined period of time to a
determinant, and reported attributable proportions with confidence intervals. | had no
restrictions for study design for studies on the determinants of the decline in child

mortality.

Conference abstracts or studies without a clear description of data collection methods
were excluded. Titles and abstracts were screened for relevant studies. Full texts of
potentially relevant records were screened to identify data that met the inclusion

criteria.

4.2.4 Data extraction

All relevant data on the levels or the medical causes of infant or child mortality were
extracted into an Excel spreadsheet. For peer-reviewed studies on the levels or
medical causes of infant or child mortality, | only extracted data which | had not
captured from routine reports identified from the grey literature. | extracted the year of
data collection, data collection methods, the numerator and the denominator, and a
quality assessment of the data sources. Where a description of the data source was
provided, but the quality of data was not described, | left the description of the quality of

data empty.

For studies investigating the determinants of child mortality levels, | extracted the
following information: study design, unit of analysis, study period, definition and
measurement of determinants, mortality outcome of interest and definition, data
source, methods used to estimate the strength of association, measures of association
and confidence intervals, confounders adjusted for (if adjusted regression coefficient

reported), p value of statistical tests for association, fitness of regression model (R?).

For studies investigating the determinants of child mortality decline, | extracted the
following information: study design, unit of analysis, study period, definition and
measurement of determinants, mortality outcome of interest and definition, data
source, method used to measure the factors associated with trends in mortality, the
proportion of the decline in child mortality that is attributable to the examined
determinant (with the 95% confidence intervals), confounders adjusted for, p value of

statistical tests.
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4.2.5 Data analysis

| analysed data using a numeric summary and thematic analysis. | categorized
information into four domains: available data sources on the levels and medical causes
of infant or child mortality, trends and medical causes of infant and child mortality,
determinants of the levels of infant or child mortality, and determinants of the decline of
infant or child mortality. | plotted data on the levels of infant and child mortality using

scatter plots.
4.3 Results

4.3.1 Study characteristics

Study and report selection is provided in Figure 4.1. The bibliographic database search
yielded 1,793 records, of which 1,398 remained after duplicates were removed. A
further 1,305 records were removed after title and abstract screening. Of the 93 studies
screened in the full texts, 59 were excluded, leaving 34 studies. A further 17 studies
were added using manual search of the reference lists of the included articles. The
grey literature search identified 41 records. After screening for relevance and removing
duplicates, five routine reports were finally added. The final review comprised 56
records: 51 peer-reviewed studies (8 in Chinese and 43 in English) and 5 routine
reports (2 in Chinese and 3 in English). Most of the studies were published after 2000
(90%, n=46), so are the reports (80%, n=4). Of the studies on the determinants of
infant and under-5 mortality (n=25), more than half were conducted at the ecological
level (n=17, 68%) whilst only a few studies were done at the individual level (n=8,
32%). | only found two studies on the determinants of the infant or child mortality

declines.
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Figure 4.1: PRISMA diagram. The search and selection process applied during the
scoping review.

4.3.2 Key data sources on levels of infant and under-5 mortality

The following five data sources were reported to have recorded the levels of infant and

under-5 mortality: household registration, census and micro-census, retrospective

surveys, national surveillance and report system, and international reports of infant and

under-5 mortality.

Household Registration

The household registration system has existed since the 1950s, mainly serving

administrative purposes [188]. The system relies on self-reporting, whereby every

citizen must register with the local security office. The head of the household is

responsible for reporting the births, deaths and migration that each individual has

experienced. Deaths and population numbers are aggregated at local levels and then

reported up to provincial and national levels [189].
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Collecting accurate birth information became more difficult since the 1990s for two
main reasons[188]. First, there is a massive rural-to-urban migration in China. Many
women migrated away from the place where they were registered to urban areas for
job opportunities, and people became less concerned about updating their registration.
Second, under-registration became common because of the one-child policy
introduced in 1979. lllegal birth was often misreported or reporting was delayed.
Accordingly, the usefulness of the household registration data has been limited in the

study of infant or child mortality.

Census and Micro-census

Nationwide censuses (1953, 1963, 1982, 1990, 2000, 2010, 2020) have been an
important source of data for infant and child mortality in China [189]. Censuses report
deaths by 5-year age group (0+, 1-4, 5-9, 10-14, ...,85+) and number of births in the
household at a particular point in time. Knowledge about the first two waves of
censuses (1953 and 1964 censuses) is limited because the central government only
released highly aggregated data[188]. Household-level data (1982, 1990, 2000) have
only been made available to researchers upon research request in recent years

through platforms like the Integrated Public Use Microdata Series (IPUMS).

China also carried out micro-censuses between the censuses (1987, 1995, 2005,
2015) on a 1% population sample (also called ‘inter-census’ surveys). The micro-
censuses followed the same procedures and questionnaires as those used in the
censuses [190]. The micro-censuses covered all the counties using a three-stage
cluster sampling method at township, village, and district level, and are broadly
representative of the total population [190]. However, the government only released
under-5 mortality data at the national level, which made this primary data source under-
explored in under-5 mortality studies. From the information on child deaths collected in
the micro-censuses, the IMRs and the USMRs between 1973 and 2015 have been

derived using demographic techniques [10].

Because of the under-reporting of illegal births, collecting accurate information on infant
and under-5 mortality through censuses and micro-censuses is challenging. The
numbers of births and child deaths as reported by the censuses and micro-censuses
have often been adjusted upward based on underreporting assumptions before they
were used to calculate mortality rates. Many authors have compared the
underreporting rates of infant and under-5 mortality between various data sources and

found that except the 1982 census, the direct (vs modelled) estimates of infant and
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under-5 mortality released from all the censuses were underestimated and need to be
adjusted for underreporting[191, 192]. Using the 1990 census data and comparing the
underreporting of death rates by age, authors found that the underreporting of the IMR
is more severe than that of the USMR[191, 192]. Comparing census data with data
from the annual survey of infant and under-5 mortality designed by the Ministry of
Health in 1991, 1995 and 2000 (see below), Banister et al estimated that only 61%,
87% and 77% of infant deaths were recorded in the 1990 census, 1995 micro-census
and 2000 census respectively [193]. After comparing data from the censuses (1982,
1990, 2000), fertility surveys (1982, 1988), and disease and mortality surveillance
systems (1990-2000), Banister and Hill concluded that the levels of under-5 mortality
estimated from the 1990 census, the 1995 micro-census and the 2000 census appear

unrealistically low and mutually inconsistent [189].

Retrospective surveys

The civil unrest caused by the Cultural Revolution (1966-1976) posed challenges to
collecting reliable estimates on infant and under-5 mortality. The most useful source of
infant and under-5 mortality data in the 1970s was a nationwide retrospective mortality
survey (also called the 1973-75 Cancer Epidemiology Survey or the National Mortality
Survey), which was conducted in 2392 counties across Chinese mainland by the
Ministry of Health, attempting to record all deaths in the sampled households and
causes of deaths by age and sex during the period 1973-1975 [194]. Data on the
deceased were collected through a retrospective enquiry of all sampled households by
a team of doctors [195]. The quality of the survey results is relatively high and has been
regarded as a reliable death data source [195]. The survey provides age-specific
mortality rates from 1973 to 1975, but | was not able to access the primary data. The
method of estimating the IMR or the USMR based on the survey is unclear from the

literature nor is the source for the number of births.

The State Family Planning Commission (after 2003 named National Population and
Family Planning commission) and the National Statistics Bureau have conducted a
number of fertility surveys (1982, 1985, 1988, 1992, 1997, 2001) [15, 189]. The fertility
surveys retrospectively collect the complete reproductive history of women of

childbearing age, including questions about children ever born and children surviving.

The 1982 and 1988 fertility surveys sampled one and two million people respectively
while the later surveys had much smaller sample sizes [188]. The data collected in the

1982 and 1988 fertility surveys are considered to be of high quality and have been

96



used to derive estimates of the IMR and the USMR for 1940-1982 and 1950-1988
periods[15, 196, 197]. Estimates of national IMR and U5MR are derived from the
probabilities of dying of children ever born using demographic models [189]. The
quality of the 1992 survey is low with substantial undercounting of births in comparison
with census data [188]. But the 2001 survey was of high quality and has been used for
in-depth analysis of child survival for 1989-2001[198]. The 2001 survey used stratified
multistage cluster sampling, collecting information on demographics, complete
pregnancy history, children’s death and age at death in each sampled household. A
community survey was also conducted to collect information on the community-level
socio-demographic characteristics of infant deaths from each village head in the rural
area[198].

National surveillance and report system

After 1990, the most commonly used data sources for the IMR and the USMR were the
National Maternal and Child Health Surveillance System (MCHSS) and the national
Annual Report System on Maternal and Child Health (hereafter referred to as Annual
Report System). In order to get more complete reporting of child deaths, the Ministry of
Health in concert with the United Nations Children's Fund (UNICEF) designed a
mortality surveillance system, the MCHSS, to record the IMR, USMR and maternal
mortality ratio for China and its regions [189]. Based on a multistage, stratified,
clustered sampling design, the MCHSS routinely collects data on the number of births
and the levels and causes of infant and under-5 mortality at the national level from
1991 [21, 199]. In 2013 the MCHSS came to its current structure, covering a population
of 47.1 million representative of the national population [2]. Maternal and child health
workers at each surveillance site (urban district or rural county) are responsible for
filling death cards when receiving notifications of infant or child deaths [187]. The
information is compiled by each surveillance site and reported to higher-level (city,
prefecture, and province) maternal and child health centres on a quarterly basis [21].
The number of live births each year are recorded for each county in the MCHSS [21].
Active searches are done to identify unreported cases and assess the possibility of
underreporting [187]. To improve the completeness and validity of data, the reported
livebirths and deaths in the MCHSS are cross-validated through multiple sources,
including the Center for Disease Control and Prevention (CDC), local health facilities
and public security bureaus[21]. The data are often adjusted because underreporting of
deaths may vary by region. The adjustment is done by weighting the data with a 3-year

average under-reporting rate for each stratum, i.e., the eastern urban, eastern rural,

97



central urban, central rural, western urban, and western rural area [21, 187]. Since
2000, almost all the provinces (except Tibet) have set up independent surveillance
systems at the provincial level, which can provide estimates of the IMR and the USMR
at the provincial level. The national CDC has released some of the yearly estimates of
the IMR and the U5MR for each province through annual reports, but these are for

internal use only and not accessible to the public.

Evidence has shown that the estimates of the IMR and the USMR from the MCHSS are
not reliable for the early 1990s[189, 191]. Because the surveillance sites in the early
1990s were mostly located in the economically more developed areas, Zhao et al
suggested that the national estimation of the IMR and the USMR was plausibly
underreported [191]. In contrast, after comparing the USMR estimates from multiple
data sources, including censuses of 1990 and 2000, the 1973-75 Cancer Epidemiology
Survey, the Fertility Survey 1992, the 1987 Micro-census, and the disease Surveillance
system, Bannister and Hill noted the high estimates from the MCHSS for the early
1990s and suggested that the national USMR from the MCHSS was overestimated at
that time[189]. The reliability of province-level IMR and USMR estimates from the
MCHSS was much improved in the later 1990s when rigorous quality control measures

were introduced[22].

The Annual Report System was established in the 1980s recording births and deaths of
mothers and children by place of birth in all counties and districts in China [109].
Community doctors in urban districts and village doctors in rural counties recorded
births and deaths in their catchment area, and then reported data to the county-level
health department. Reliable data started only from 1997 onwards when rigorous quality
control mechanisms were established, including standardisation of data collection, data
audits and supervision. [109] Tabulated data on livebirths and number of under-5
deaths were reported to health bureaus at provincial level and then to the national
level. The system provides province-level USMR. However, the government only
released highly aggregated data, so they have been restricted to use by government
researchers. | am not able to access the province-level data from the Annual Report

System, as these data are not publicly available.

International reports of infant and under-5 mortality

To track progress towards the MDGs, the UN Inter-agency Group for Under-5 mortality
Estimation (IGME) annually reports national data on infant and under-5 mortality,

including those for China. An independent Technical Advisory Group of the UN IGME,
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composed of demographers and statisticians, developed data quality assessment and
estimation methods. There is a country consultation process. Time-series regression
models are fitted to all data of acceptable quality from multiple sources to produce time
series of infant and under-5 mortality estimates [96]. Data from the household
registration system, the surveillance system, the census, the micro-census, and fertility
surveys are the sources for UN IGME estimation. The UN IGME data series have been
regarded of high quality and widely reanalysed by scholars to show trends in infant and

under-5 mortality at national level (no subnational data) from 1969 to the present.

The Institute for Health Metrics and Evaluation provides another source of modelled
under-5 mortality data. They have published trends in under-5 mortality from 1990 to
2017 in the Global Burden of Disease (GBD) 2017 study [200]. Data are derived
primarily from the Disease Surveillance Point system; censuses and micro-censuses;
the Annual Survey on Population Change; Maternal and Child Health Surveillance
system; the National Fertility Survey. The GBD study is different to UN IGME with
respect to the inclusion and exclusion of data, trend modelling and adjustment
procedures, but the method released is not transparent enough to conclude which
source is more reliable. Substantial differences in under-5 mortality estimates have
been noted between UN IGME and the GBD study[97]. Authors proposed that as more
primary data become available and methods become more transparent, the differences

are likely to decrease[97].

4.3.3 Data sources on medical causes of deaths

Data on causes of deaths are primarily derived from surveillance systems, including the
MCHSS, the Disease Surveillance Point system (started in 1978) and the CDC cause-
of-death reporting system (2004) [10]. Although other systems exist, the MCHSS is the
official data source for the Ministry of Health [201]. The MCHSS records high quality
data on causes of death from a representative sample of communities and is regarded
as the highest quality data source [202]. Causes of death are determined from death
certificates in the case of children who died in hospital, from hospital-reported medical
diagnoses in the case of children who used healthcare before death, or from verbal
autopsies in the case where no medical record is available [21]. Verbal autopsies on
infant deaths were reported more likely to meet the diagnostic gold standard compared
with under-5 deaths[201].

The Disease Surveillance Point system is a sample-based mortality surveillance
system based on surveillance sites using a multi-stage stratified cluster sampling
strategy, ensuring a nationally and regionally representative sample [203, 204]. Since
2001, each surveillance site was expanded to the whole county or district [194].
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Causes of death are determined in the same manner as done in the MCHSS [194].
Death certificates from the surveillance sites are validated and checked by local CDCs
and then reported to the national CDC [204]. Underreporting of deaths is a challenge
for the Disease Surveillance Point system, and particularly for children aged under 5,
which is partly due to population migration and partly due to the poor quality of death
reports [205]. In order to assess the quality of the reporting data, every 3 years a
survey is done to evaluate the underreporting by sampling five percent of the
surveillance population and collecting death information from household inquiries. The
surveys have shown good reliability of the Disease Surveillance Point System [194].
Data from the Disease Surveillance Point system have been extensively used to

examine the national and regional burden of diseases [204].

The cause-of-death reporting system is another data source for causes of deaths,
combining community registration at provincial and county level and in-hospital cause-
of-death reporting. The collection of data on cause-specific mortality in the registration
system is similar to the Disease Surveillance Point system [204]. Besides nearly all
hospitals in China report information on causes of death to China CDC [203]. Since
2008, coverage and completeness of recording has increased substantially for the
cause-of-death reporting system. In 2016, the system covered more than 80% of the

deaths nationally [206].

4.3.4 National trends in infant and under-5 mortality in China between
1950 and 2019

Infant mortality rate

Using the multiple data sources described above, Figure 4.2 presents levels and trends
in infant mortality between 1950 and 2019 (Figure 4.2). | used the household
registration data for 1991-2018, census data for 1954, 1963, 1981, 1990, 2000 and
2010, micro-census (1987, 1995, 2005, 2015) data for 1973-2014 (inferred through the
use of synthetic cohort concepts), Cancer Epidemiology Survey data for 1974, the UN
IGME estimates between 1969 and 2019, 1982 fertility survey data for 1970-1980
(inferred through the use of synthetic cohort concepts), 1988 fertility survey data for
1950-1987, and the 1992 fertility survey for 1992. Where available, multiple sources of

data are reported for the same year.

The Health Statistics Yearbook 2020 reported a level of infant mortality of 200 deaths
per 1,000 live births before 1949, but they did not state the data source [25]. Based on
the 1953 census, the IMR was 138.5 deaths per 1,000 live births in 1953, which was
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included in the UN IGME database. The Great Leap Forward (a campaign to divert
people from agricultural work to industries) and the following famine (1959-1961)
impacted all regions of China [25]. The literature suggests a temporary reversal of
death rates of all ages in the famine times, returning to previous levels by 1962 [207].
Based upon the 1988 National Survey of Fertility, authors estimated that the IMR
during the famine period increased to 135 deaths per 1,000 live births during 1958-
1959, equivalent to the mortality levels in the early 1950s [15]. Existing evidence has
shown that the IMR continued to decline during the Cultural Revolution (1966-1976)
[189]. Analysis of the 1973-75 Cancer Epidemiology Survey revealed that the IMR
during 1973-75 was 47.0 deaths per 1,000 live births[25]. The 1982 census collected
information about deaths and live births in the preceding year 1981, estimating the
level of infant mortality at around 34.7 deaths per 1,000 live births. According to the
official statistics based on the MCHSS, the IMR at the national level declined from 32.2
deaths per 1,000 live births in 1991 to 5.6 deaths per 1,000 live births in 2019[25, 208].
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Figure 4.2: National estimates of the IMR from multiple sources

Under-5 mortality rate

Figure 4.3 shows the available estimates of under-5 mortality between 1950 and 2019.
| used household registration data for 1991-2018, census data for 1981, 2000 and
2010, micro-census (1987, 1995, 2005, 2015) data for 1973-2014 (inferred through the
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use of synthetic cohort concepts), the UN IGME estimates for 1969-2019, 1982 fertility
survey data for 1970-1980, 1988 fertility survey data for 1950-1987, 1992 fertility
survey for 1992, and the GBD 2017 study for 1990-2017.

The USMR declined from 308.5 deaths per 1,000 live births in 1950 to 57.5 deaths per
1,000 live births in 1980 based on fertility history data collected in the 1988 fertility
survey [209]. During the famine period, there was an abrupt increase in the USMR to
around 201 deaths per 1,000 births in 1958 based on the 1988 fertility survey, followed
by a sharp decline in 1961 to around 144 deaths per 1,000 live birrths [209]. The
US5MR was estimated to be about 70 in 1981 based on the 1982 census, which was
reasonably consistent with the estimate from the 1982 fertility survey [189]. According
to the official statistics based on the MCHSS, the USMR at the national level declined
from 48.3 deaths per 1,000 live births in 1991 to 7.8 deaths per 1,000 live births in
2019 [25, 208]. According to the GBD study, the USMR declined from 50 deaths per
1,000 live births in 1990 to 12 deaths per 1,000 live births in 2017, very similar to the
data trends from the MCHSS [200].
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Figure 4.3: National estimates of the USMR from multiple sources

4.3.5 Medical causes of infant and child deaths

Leading causes of death in infants and children have changed since 1950. Before
1990, there were few quantitative estimates of the causes of deaths for infants and

children. Before 1960 the leading cause of death for infants was tetanus, which may
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have been caused by unsafe delivery modes [18]. Communicable diseases, such as
pneumonia, tuberculosis, and diarrhoea were the major threat to children’s health in the
1950s [18, 210]. Using data from the Fertility Survey in 1985, Ren et al found that
between 1949 and 1959, 35% of under-5 child deaths occurred during the neonatal
period [211]. In contrast, the data between 1980-85 showed that 65% of under-5 child
deaths occurred in the neonatal period, indicating that the burden of diseases from the

post-neonatal and early childhood period is declining[211].

Since 1990, there has been a proliferation of analyses on causes of infant and child
deaths. Using data from the Disease Surveillance Point system, Ming found that infant
deaths from all causes dropped dramatically between 1990 and 2000, except from
intrapartum-related events and sudden infant death syndrome[212]. As discussed in
the data sources, the surveillance data from MCHSS are susceptible to under
reporting. To account for such possible inaccuracy, data on causes of under-5 mortality
also needed to be adjusted by age group and the sampling probabilities of the total
population [21]. Based on adjusted empirical data in the MCHSS, He et al compared
the leading causes of under-5 child deaths from 1996 to 2015 and found that the
cause-of-death composition changed massively. In 1996, the leading causes of under-
5 mortality in China were pneumonia (22.6%), injuries (17.9%), intrapartum-related
events (14.0%), preterm birth complications (12.6%) and other conditions (12.6%). In
2015, the leading causes of under-5 mortality became congenital abnormalities
(19.5%), preterm birth complications (17.0%), other conditions (16.0%), injuries
(14.6%) and intrapartum-related events (14.1%) [21]. Major communicable diseases,
such as diarrhoea and measles had declined in significance, while congenital
abnormalities became increasingly important[21, 98, 213]. The authors also compared
cause-of-death composition across age groups and found that the contribution of
injuries to deaths in children aged under five increased after infancy and became the
leading cause of death for children aged between 1-4 (47.5%, 95% CI: 45.1-50.2%) in
2015 [21]. Based upon a systematic review of 205 longitudinal community-based peer-
reviewed studies from multiple databases, Rudan et al., estimated that pneumonia
(16.5%), birth asphyxia (16.4%), preterm birth complications (15.2%), congenital
diseases (10.8%) and accidents (10.1%) were the leading causes of deaths in children
aged under five in 2008, indicating decreased significance of communicable diseases
[214].

4.3.6 Determinants of infant and child mortality at the ecological level

Geographical variation of infant and child mortality
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Geographic variation of the IMR and the USMR has been well documented in the last
seven decades. Great inequality persists in the IMR and the USMR across regions,
provinces, counties, and in urban versus rural areas [13]. Abundant evidence has
shown large disparities in the IMR/US5MR between different regions[186, 215, 216].
Take the USMR for example. In 1991, the USMR in the western region was 100 deaths
per 1,000 live birth, 3.0 and 1.5 times that of the eastern and central regions[186]. In
2006, the rate ratio became 3.7 and 2.1 respectively [216]. Inequality at the province
and county levels is also well established. Using the 1985 National Fertility Survey,
Shen et al compared the IMR for three provinces (Hebei, Shaanxi, Shanghai) and
found that between 1965 and 1979, Shanghai (from the eastern region) had
consistently the lowest IMR while Shaanxi (western region) had the highest[217]. In
2008, the USMR ranged from five per 1,000 live births in Shanghai to more than 38
deaths per 1,000 live births in Sichuan and Guizhou—eight times higher [214].
Similarly, the USMR between counties in 2012 ranged from 3.3 per 1000 livebirths in
the Huangpu, Shanghai to 104.4 deaths per 1000 livebirths in Zamtang, Sichuan [13].
According to the latest official statistics from the MCHSS, the IMR and the USMR in
rural areas were 1.9 and 2.3 times higher than the rates in urban areas in 2019 [25]. A
study showed that the IMR was approximately five times higher in China’s poorest rural
areas compared to the richest areas during 1996-2004 [208]. Similarly, by classifying
administrative units into two urban and four rural types based on socioeconomic
circumstances, authors found that children born in poor rural areas had three to six
times risks of dying under five years old than those born in better-off rural areas or in
urban areas during 2000-04 [214]. Most studies did not report statistical tests, but this

is not a major cause of concern because the numbers of live births are large.

Socio-economic determinants

Ecological research suggests a number of determinants that may explain geographical
variation in infant and under-5 mortality. Economic status and educational attainment
were consistently associated with low infant mortality in ecological analyses and are
generally accepted as determinants [211]. Using data at province level from 1990 to
2006, Feng et al ran mixed-effects regression models to estimate the association
between distal social determinants and the variability of the USMR across provinces.
By comparing the regression coefficients and the R? resulting from the regression
models, they showed that the crude birth rate, maternal education, the proportion of
minority population, household crowding, and the percentage of household coverage

with clean water and sanitation were persistently associated with the USMR when
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different time lags, from zero to three years, were applied in the adjusted models [22].
Based on data from the 2000 census in Yunnan, Li et al found that after adjusting for
total population and fertility rates, the gross domestic product (GDP), the proportion of
the total population that was illiterate (defined as knowing 300 or fewer characters), the
proportion of women who had antenatal examination, immunisation against tetanus,
and hospital delivery were significant predictors of the IMR and the USMR[218]. The
authors also examined the levels of infant and under-5 mortality at the prefecture level
and found that the rate ratio was 1.5 for both the IMR and the USMR comparing the
autonomous prefectures (prefectures with large ethnic minority populations, designated
as autonomous) to the non-autonomous prefectures (Han ethnicity people as the
majority) [218]. Disparities remained between minority and non-minority areas, which

have been consistently found in other studies including a systematic review[219, 220].

Health worker density as determinant of infant or child mortality

Investments in health systems are important determinants of infant and under-5
mortality[56]. As the prerequisite for healthcare, the availability of health workers
(usually measured as density of health workers as defined in the chapter 2) has been
examined for its effect on infant or under-5 mortality. Other investments in health
systems, such as hospital bed density, have not been examined as primary exposures
in the statistical analyses[15, 72, 221, 222].

Ecological studies have shown that populations with a higher density of doctors have
lower infant and under-5 mortality[72, 221, 222]. Most of the studies were done using
county-level data. Based on county-level data from the 2000 census, Anand et al
regressed infant mortality in 2000 separately against density of health professionals
(census data using occupation classification), and density of healthcare workers (data
from Ministry of Health, excluding private-sector health workers), while controlling for
the female adult illiteracy rate, the land size of the county, the proportion of households
with extreme low income (less than 10,000 yuan per year), and the proportion of
households with improved water and cooking fuel[72]. All dependent and independent
variables were log transformed. The authors only reported the adjusted effect of health
worker density on infant mortality, which showed that there was strong statistical
evidence that both measures of health worker density statistically explained variation of
infant mortality between counties (p<0.001). A 1% increase in health professionals
density was associated with a 0.13% (95% CI or standard error not reported) decrease
in the IMR, while a 1% increase in healthcare worker density was associated with a

0.10% decrease in the IMR. The results of the separate regressions corroborated the
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importance of health worker density in explaining infant mortality, regardless of the

choice of the variables of health worker density.

The effect of health worker density on the IMR and the USMR has been found in both
rural and urban areas. Using cross-sectional data from 114 counties collected through
a multi-stage sampling survey of five remote and poverty-stricken provinces (including
Jilin, Xinjiang, Guizhou, Hunan and Hainan) during 1998-1999, Guo et al found that
doctor density, hospital bed density and the proportion of MCH workers having
associate or higher education jointly explains 21% of variations in infant mortality
between counties in the adjusted model[221]. The confounders in the model included
GDP per capita, health expenditure, population density to maternal health service
utilization during antenatal, delivery and postpartum [221]. One study based on a 3-
year panel data from all urban districts in Guangdong province also found that the
density of doctors working in district-level hospitals was negatively associated with the
levels of the IMR and the USMR, although statistically insignificant after controlling for
the utilization rate of primary care services by people, which might be on the causal

pathway [223]. But the choice of the covariates was not justified.

There is some evidence of an interaction between health worker density and the level
of socio-economic development when analysing the effect of health worker density on
under-5 mortality. A panel data analysis conducted by Liang et al showed that health
worker density was negatively associated with the USMR in rural counties from 2008 to
2014 after adjusting for GDP per capita, female illiteracy rate, health expenditure as a
proportion of government expenditure and value of medical equipment per hospital
bed[222]. Liang et al also found a modification effect of the economic status (grouped
GDP per capita) on the effect of health worker density on the USMR — one extra unit
increase in health worker density was associated with a 6.8% decline in poor counties

but only a 1.1% decline in non-poor counties[222].

Evidence on the effect of health worker density on infant or child mortality in China has
not been fully conclusive. Using aggregated mortality data from the 1982 census, the
1990 census, the 1995 micro-census and socio-economic data from statistics reports,
Banister and Zhang analysed the determinants of under-5 mortality (ages 1-4) across
provinces. By comparing the variance explained (R?) from different sets of regression
models, Banister and Zhang concluded that doctor density and the illiteracy rate among
adults aged 15 and above were the most important determinants of child mortality
across provinces during 1981-1995, after adjusting for region, rural-urban inequality,
share of education and healthcare expenditure, GDP per capita and year[193].

However, using province-level data between 1950 and 1980, Babiarz et al found no
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significant association between doctor density and infant/under-5 mortality after
controlling for primary and secondary education enrolment rate, public health
campaigns (principal component indices), hospital bed density, GDP, population size,
crude birth rate, per cent of urban population, proportion of employed population,
proportion of male population, proportion of population aged over 60, retail price index,
province (as categorical variable) and year. To explain the lack of evidence of the
effect, the authors tested a hypothesis of the existence of reverse causality (i.e.
whether changes in the outcomes affected the explanatory variables) and they found
evidence showing that increases in doctor density in some provinces were preceded by
high infant or under-5 mortality rates, which was aligned with Chairman Mao’s policy
emphasis on addressing perceived development imbalance between provinces and
posting more doctors in disadvantaged areas [15]. However, the model for the reverse

causality had more than 40 parameters, so estimates may have been unstable.

4.3.7 Individual-level analysis of infant and child mortality

Only three studies have assessed the individual-level determinants that are associated
with infant or child mortality in China [198, 211, 224]. Using data from the 2001
National Survey of Fertility, Song et al used multiple logistic regression to examine the
association between infant mortality and characteristics of the household (urban/rural
residence, ethnicity), the child (sex of the infant) and the mother (length of education,
maternal age at childbirth, parity, previous adverse pregnancy outcome, prenatal care
and professional delivery assistance) [224]. The authors did not report univariable
results but they found that, after adjusting for urban residence, ethnicity, sex of the
child, maternal age, parity, and birth cohort (1971-1980, 1986-1990, 1991-1995, 1996-
2001), each one-year increase in maternal education was associated with decreased
odds of infant deaths (OR=0.93, 95% CI: 0.92-0.94) between 1970 to 2001. However,
the choice of the covariates was not justified. After adding prenatal care and delivery
assistance into the adjusted model, the association between maternal education and
infant survival disappeared, suggesting that the association between maternal
education and infant survival was largely because mothers with higher education were

more actively seeking professional care [224].

Another study provides contradictory findings based on the same survey. Chen et al
found differentials in the IMR by maternal education (categorized as no education,
primary education, secondary education), income and parity in rural China between
1989 and 2000 [198]. The authors did not report crude effects, but adjusted models
showed that compared to mothers with no education, mothers having secondary or
higher education had decreased odds of infant deaths (OR=0.63, 95% CI: 0.43-0.93),
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after adjusting for maternal age, ethnicity, paternal education, parity, prenatal care and
skilled assistance at birth. The adjusted model also showed that ethnic minorities have
an increased odds of infant deaths (OR=1.63, 95% CI: 1.15-2.32), and prenatal care is
associated with decreased odds of infant deaths as well (OR=0.68, 95% CI: 0.51-0.90).

There is also individual-level evidence on the potential consequences of health care
access and utilization on infant and under-5 mortality. Using birth history data from two
waves (1998, 2003) of National Health Service Surveys, Luo et al found that living far
from a health clinic (more than one mile) and household health expenditure were
significantly associated with infant deaths using chi-square tests[225]. But in their
multivariable analysis, the geographic accessibility to healthcare did not retain
statistical significance. The effect of household health expenditure on infant deaths
persisted after adjusting for the sex of the infant, type of drinking water, maternal
education (categorical from no education to high school graduates or above) and
maternal ethnicity[225]. Using raw data from the 2006 China Agricultural Census (a
rarely used data source), Chen et al found that New Cooperative Medical System-
insured households on average have lower under-5 mortality than do uninsured
households[226]. After controlling for the propensity score (construction method
unclear), the authors compared the two groups - the insured and non-insured
households, finding that the effect of access to insurance on under-5 deaths
disappeared. Using data from a household survey of minority populations from Yunnan
province and by conducting multiple logistic regression analysis, Foggin et al found that
use of a health facility in the past two weeks was negatively associated with under-5
deaths, after controlling for family income, family history of tuberculosis, age at
weaning, religious belief, social supporting network and geographic mobility[227]. The
same conclusion was also reached in another study conducted in Guizhou
province[228]. In addition, there is also evidence showing that the location of delivery
and the kinds of birth attendants were associated with the level of infant mortality, but

confounders have not been adequately adjusted for[228].

4.3.8 Determinants of the decline in infant and child mortality

A dearth of studies have quantitatively assessed the contribution of determinants to
mortality declines in different eras of development[15, 229]. Based on a province-level
dataset from 1950 to 1980 and by using ordinary least squares regressions, Babiarz
and colleagues examined the contribution of the primary and secondary education
enrolment rate (%) improvement during the period 1950-1959 to the 10-year lagged
infant and under-5 mortality declines between 1960 and 1980 after controlling for other

medical and non-medical determinants of health, such as total population, GDP and
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public health interventions. By estimating the mortality levels in the counterfactual
scenario in which education enrolment rates had stayed at their 1950 levels, the
authors estimated that the education enrolment gains during 1950-1959 were
associated with 70% of infant mortality decline and 55% of under-5 mortality decline
between 1960 and 1980 [15]. Based on under-5 mortality data at national level from the
1995 micro-census and a child survey on malnutrition (Statistical Bureau) in 1992,
Ross et al estimated the population attributable risk of under-5 mortality related to
malnutrition, which was 30% in 1992 and 22% in 2001[229]. By modelling the scenario
assuming no improvement in nutrition between 1992 and 2001, the authors found that
the reduction in the proportion of under-5 children who were underweight contributed to
10% of the reduction in USMR during the same period[229].

4.4 Discussion

In this scoping review, | provided a detailed assessment of the levels of infant and child
mortality in China over a 70-year period. Despite the data gaps and limitations, there is
evidence of a continuous decline in both the IMR and the USMR in the past seven
decades, with the only exception during the Great Leap Forward famine (1959-1961)
when mortality increased. From 1949 to 2019, the IMR declined by about 97%, from
200 per 1000 live births in 1949 to 5.6 per 1000 live births in 2019. The US5MR declined
from 308 deaths per 1000 live births in 1950 to 7.8 deaths per 1000 live births in 2019,
which also equates to a 97% decline. Behind the remarkable progress, geographic
variation of infant and under-5 mortality persisted across generations, across regions,
provinces and between urban and rural areas. During the studied period, existing
evidence showed that the relative burden of injuries and non-communicable diseases
grew while the burden of communicable diseases declined, causing shifts in causes of
death. There was contradictory evidence about the importance of health worker density
for infant and child survival. What drives the declines in infant and under-5 mortality

remains unclear in the literature.

Many efforts have been made to ascertain the levels of infant and child mortality[13,
15, 199]. The task of estimating levels and trends in infant and child mortality is
particularly challenging before 1990 because data was not routinely available.
Estimates of the IMR and the USMR are generally inferred from special surveys,
notably the National Survey of Fertility, and are therefore affected by known biases and
errors[96]. There is reasonable progress in data availability after 1990[199, 212].
Comprehensive surveillance and death report systems are able to generate timely and
reliable estimates of infant and under-5 mortality routinely. International monitoring of

infant and child mortality based on modelling are also important sources of data, but
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knowledge about their quality is scarce because of the lack of transparency in data
inclusion and adjustment. Reliable empirical measurement of infant and child mortality
is still central to the general improvement of data quality, which requires overcoming
obstacles (e.g., underreporting for livebirths and child deaths) in data collection. As the
MCHSS and the Annual Report System become the main sources for the IMR and the
US5MR in current days, the data quality control measures and the cross-validation of

data from different sources will potentially lead to higher data validity.

The results show both infant and under-5 mortality declined rapidly in China between
1949 and 1990. An early attempt at measuring country performance in improving
health dates back to the “Good health at low cost” study published in 1985 [12]. In this
study, China was cited as one of the exemplar countries in reducing child mortality
levels (particularly infant mortality levels) from the early 1950s to the early 1980s. That
time has been described as a watershed period for health with impressive infant
mortality reductions [24]. However, after the impressive mortality reductions in this
period, China’s impressive gains in lowering infant mortality levels halted for a decade
from 1985 to the late 1990s, stabilizing at a rate of approximately 40 deaths per 1,000
live births[24]. Results from this scoping review show that at the start of the MDG in
1990, the levels of infant and under-5 mortality were around 30 and 50 deaths per
1,000 live births. From 1990 to 2019, the decline in both infant and under-5 mortality
has been modest. Few studies have compared the speed of decline for the IMR and
the CMR1-4 by province in different periods when contextual and health systems

factors changed dramatically.

In the industrialised countries the decline in child mortality was apparent at the end of
19th century, while that in developing countries occurred during the second half of 20th
century [12]. In 1955-1959, the global range of the 5-year estimates of the USMR was
between 381 per 1,000 live births in Sierra Leon and 21 per 1,000 live births in
Sweden[12]. Over the same period, the corresponding rate in China was 225 per 1,000
live births, which was higher than the global mean 180 per 1,000 live births. In 1965-
1969, China reached the global mean of the USMR, around 140 per 1,000 live births

and continued to be lower than the global mean thereafter[12].

Very little is known about the medical causes of infant and child deaths in China before
1990 when data is rare. After 1990, existing evidence showed that the relative burden
of non-communicable diseases grew while infectious causes of deaths declined, which
aligns with global trends. Globally, recent patterns of child deaths are shifting away
from infectious causes towards non-communicable diseases and injuries[98, 230]. In

2000-2010, the infectious causes of under-5 deaths worldwide decreased more rapidly
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than did non-communicable causes, with causes by pneumonia, diarrhoea and
measles decreasing the most[230]. The escalating toll of non-communicable diseases
highlights the need to collect reliable data on cause-specific mortality and to measure
how the burden of disease is changing, for which longitudinal data is particularly in

need.

Evidence from individual-level studies shows that infants and children of mothers with
relatively low education level, being ethnic minority, being migrant, and those who are
residing in remote and rural areas were more likely to die than their counterparts.
Infants and children from the under-privileged population groups are often those who
are invisible from the health information systems[231]. For example, the health of left-
behind children (referring to children who live with neither parent) has increasingly
become a policy concern. According to the census, it is estimated that the total number
of left-behind children is about 61 million in 2010. But it is difficult to identify the true
left-behind children using the current information systems, which makes this subgroup

of children invisible and impedes specific intervention at the individual level[232].

The persisting geographic variation of the IMR and US5MR through decades indicates
that much remains to be done to reduce inequality. Most reviewed studies have used
province-level or county-level data to study geographic variation, and the most
consistent finding has been the association between level of socio-economic
development and infant/under-5 mortality[15, 22, 211]. Inequalities in child survival
have been well documented globally. Children who are poor are more likely than their
richer peers to be exposed to many disease risks and less likely to receive either
preventive interventions or treatments for the most common diseases[233]. In 2000,

more than 99% of under-5 deaths occurred in poor settings[12].

The need to reduce socio-economic inequalities of infant and under-5 mortality has
been repeatedly noted, yet it is challenged by the increasing inequality in the social
determinants of health in recent decades[234]. The ecological studies yield multiple
social determinants that can explain geographic variation, including GDP per capita,
increased educational length, health worker density, hospital bed density, public health
interventions, decreased fertility rates, rural or urban residence, and availability of
public services (including transportation and tele-communication) [15, 72]. Existing
evidence constitute sufficient grounds to call for equity lens in reducing child mortality.
The strategies to reduce child deaths consist of specific healthcare interventions, such
as delivery care and vaccination, but also multisectoral efforts outside the health

system, including education, transportation and environment.

111



The variable association between health worker density and child mortality raises
interesting questions about the role of health workers in reducing infant and child
mortality. From the health system perspective, it has been proposed that to further
reduce neonatal and infant mortality, increasing the accessibility and utilization of key
interventions (such as skilled care for child birth, neonatal resuscitation, initiation of
kangaroo mother care for low birth weight infants) is the key [86]. The demand to set
national infant and child health priorities is rapidly gaining importance in the quest for
evidence about the health gains through health intervention programs or investment in
health workforce. The magnitude of the increase in health worker density needed to
make these gains and the relative importance of different cadres of health workers

remains unexplored.

It is not surprising that China’s socio-economic development over the past seven
decades has been accompanied by a decrease in infant and under-5 mortality. It is
reasonable to assume that economic growth contributes substantially to the decline of
infant and under-5 mortality[211, 218]. But evidence is rare about how much
contribution economic growth contributes to the decline of infant and under-5 mortality
over the studied period and how the contribution varies by time. Besides economic
growth, China experienced many social and health system changes over the last
seventy years: eradicating extreme poverty and hunger, reducing fertility rates,
achieving universal primary education, building roads and reducing large infrastructure
gaps, health system reforms in 2003 and 2009[69, 234-236]. Little is known regarding
the relative contributions of general economic growth, investments in health systems
and social changes to the decline of infant and under-5 mortality during the study
period. In tracking progress, most studies measured infant and under-5 mortality
without linking these to determinants that contribute to mortality reductions[13, 198,
225]. The lack of longitudinal data for provinces or counties has restricted the studies to

examining the contextual changes and infant/under-5 mortality decline.

The scoping review had several strengths. First, the comprehensive search of peer-
reviewed articles and grey literature have allowed me to present the longitudinal trends
in infant and under-5 mortality for a very long period of time. Second, | provided each
data source with one or multiple references to inform the quality of data about infant or
under-5 mortality, in the hope that the data quality information can help improve
understanding of the conflicting estimates. Third, the findings provide a great
opportunity for the research community to look into what determinants have been
shown to be associated with the mortality levels or the declines and consider what
might be worth further exploring to maintain progress in reducing infant and child

mortality.
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This review has several limitations. First, since | only searched databases and grey
literature from online, relevant documents with only printed versions may have been
missed. Second, due to the large number of data sources on infant and under-5
mortality identified, it was beyond the scope of the review to validate which data source
provides the closest estimates to the true but unknown mortality rates. A more
comprehensive assessment of the data quality can certainly guide data selection for
future longitudinal studies. Third, the categorization of the determinants of the levels
and the declines of infant and under-5 mortality is arbitrary. Determinants could have

been categorized into different domains.

The scoping review could be used by both researchers and policy makers, to inform
their selection of data for longitudinal analysis of infant and under-5 mortality in China.
A review of the data sources suggested that strengthening of national capacities in
health statistics need to be continuously funded and supported by the government
authorities. The review also highlights the research agenda on infant and under-5

mortality decline.

4.5 Conclusion

Infant and under-5 mortality kept declining between 1949 and 2019, except during the
Great Leap Forward famine (1959-1961). Few studies have compared the speed of
decline for the IMR and the CMR1-4 by province throughout the study period.
Geographic variation in infant and under-5 mortality has been well documented
between regions, provinces, counties, and between urban and rural areas over the
studied period, which is closely related to socioeconomic circumstances. New and
effective policies are needed to take into account inequalities. Evidence on the effect of
health worker density on infant or child mortality in China has not been fully conclusive.
Determinants of infant and child mortality decline in China represent an important area

for research.
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Chapter 5. Analysis of child mortality by province in 1950-2017:
levels, trends and speed of decline

Chapter 5 addresses the third objective of the thesis, by analysing a province-level
dataset in 1950-2017.

In this chapter, | begin by introducing an existing dataset (1950-1980) which was
constructed by researchers from Stanford University. The update of the dataset to a
more recent year (2017) is carried out in two steps: first | validated the data in the
original dataset by comparing the data to the original sources; then | updated all the

variables in the original dataset to 2017 following the same sources of data.

Based on the updated dataset (1950-2017), | examine the speed of decline in the infant
and child mortality across 27 provinces between 1950 and 2017. | developed a socio-
demographic index, a composite measure of general domestic income, primary and
secondary education enrolment ratio, and per cent of urban population, to examine

variation in the speed of child mortality declines by levels of development.
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5.1 Introduction

Despite the massive declines in infant and child mortality, a comprehensive
assessment of the speed of child mortality decline in different time periods is not
available. During the past seven decades, China has seen unprecedented economic
growth, education expansion and rapid urbanization, which have raised concerns over
increasing inequalities in child survival. In this chapter, a province-level longitudinal
dataset provides a unique opportunity to comprehensively assess the levels, trends

and speed of decline of child mortality across provinces over time.

5.2 Objectives
The overall objective of this chapter is to examine levels and trends in the IMR, CMR1-
4 and U5MR across 27 provinces in China between 1950 and 2017.

Specific objectives are to:

(1) Update an existing province-level dataset on China’s infant and child mortality
and socio-economic and health systems determinants in 1950-1980 to a longer
period of time 1950-2017.

(2) Describe the levels of infant and child mortality and the health systems and
socio-demographic status over time and across 27 provinces in China between
1950 and 2017.

(3) Quantify the speed of decline in the IMR, CMR1-4 and USMR across all
provinces between 1950 and 2017 by:

a. Pooling all provinces and examining the five-yearly speed of decline

across provinces.

b. Examining whether the five-yearly speed of decline varies by province
and estimating the speed of decline for typical provinces based on the

starting levels of mortality in 1950.

c. Grouping the 27 provinces into four groups based on socio-demographic
characteristics in 1952 and examining the five-yearly speed of decline

by socio-demographic development of provinces.
5.3 Methods

5.3.1 Data for the period 1950-1980
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Data sources

The initial dataset, covering the period 1950-1980, was created by Babiarz and
colleagues from the Centre for Health Policy at Stanford University [15]. The dataset
contains information on infant and child mortality and non-medical determinants for 27

provinces over 30 years. Babiarz et al. combined data from three sources.

First, the 1988 fertility survey is among the largest ever conducted in China, containing
provincially representative data from 459,000 ever-married women aged between 15
and 57 across all 30 provinces of Chinese mainland [237]. Using fertility history data
collected in the survey, Babiarz and colleagues employed cohort life table methods to

construct annual IMR and USMR for each province between 1950 and 1980.

Second, China’s official provincial yearbooks and the “China Statistical Data
Compilation, 1949-2003", assembled by the National Bureau of Statistics, provide
annual provincial data for a large number of demographic and socio-economic
variables since 1949 (or earliest available year). The Laonian Renkou Ditu Ji was
issued in 1986 providing data on the age structure of the population in each province

which were interpolated from three censuses: 1953, 1964 and 1982.

Third, the provincial Weishengzhi provides information on the introduction of specific
public health campaigns in a given year, under the auspices of the provincial bureau of
health. Babiarz and colleagues acquired printed versions of the Weishengzhi from book
dealers and in a few cases directly from the provincial bureaus of health. Electronic
versions were uncommon and only available for two provinces, Shandong and Inner

Mongolia.

Study population

The study population are all live births between 1950 and 1980 reported by more than
450,000 ever-married women aged 15-57 in 1988 in 27 provinces in Chinses mainland.
The 1950-80 dataset includes 22 provinces (Anhui, Fujian, Guangdong, Gansu,
Guizhou, Henan, Hubei, Hebei, Hainan, Heilongjiang, Hunan, Jilin, Jiangsu, Jiangxi,
Liaoning, Qinghai, Sichuan, Shandong, Shaanxi, Shanxi, Yunnan, Zhejiang) and five
autonomous regions (Guangxi, Inner Mongolia, Ningxia, Xinjiang, Tibet) - all are
termed provinces throughout this thesis. Beijing, Chongging, Shanghai, Tianjin, Hong
Kong Special Administrative Region, Macao Special Administrative Region and Taiwan

province are not included in the data presented here.
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The Chinese Government classifies all provinces in Chinese mainland into three
regions (Eastern, Central and Western China). This classification was first established
in 1986 and was based on the geographical location and level of economic
development [238]. In this study, eight provinces were in Eastern China, eight were in
Central China and eleven were in Western China (Figure 5.1). According to the 2010
census, the population aged under 1 year in the 27 provinces was 13,197,898,
representing 95.7% of the national population of this age in Chinese mainland. The
number of children under 5 years in the 27 provinces was 72,025,851, representing

95.36% of the national population of these children in 2010.

Region classilication (1986)
B castern
[ Central
[ ] Western

0 100 200 300 km
A

Figure 5.1: Traditional classification of provinces in China (1986).

Note that boundaries changed for several provinces since 1950. The geographic
boundaries of Inner Mongolia were reduced and much of Inner Mongolia was
distributed to its neighbouring provinces Heilongjiang, Jilin, Liaoning, Gansu, Ningxia in
1969 and then this was reversed in 1979. Tianjin split into its own municipality from
Hebei province in 1967. Hainan island was separated from Guangdong province and
became a separate province in 1988. Chongging split into its own municipality from
Sichuan province in 1997. The official statistics given by the statistics bureau have
been adjusted for these changes in province boundaries so that the named provinces

represent the definition of that province in a particular year.
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Variable description

Tables C.1-C.9 in Appendix C cover all the variables in the original dataset 1950-1980
and in the updated dataset 1981-2017.

Outcome variables: The outcome variables are the IMR and the USMR for

each province and year. The IMR is defined as the number of infant deaths per 1,000
live births and the USMR is the number of under-5 deaths per 1,000 live births (Table
C.1, Appendix C).

Demographic variables: Demographic variables include the following: total

population, per cent of the population over 60 and under 5, per cent of the population
who are male, per cent of urban population, crude death rate, crude birth rate (Table
C.2, Appendix C). The per cent of the population over 60 and under 5 are extracted
from Laonian Renkou Ditu Ji. All the other demographic variables are extracted from
the official provincial yearbooks and the “China Statistical Data Compilation, 1949—
2003".

Education variables: The dataset has two education variables: the gross

enrolment ratio of primary education and the gross enrolment ratio of secondary and
higher education (Table C.3, Appendix C). According to the definition given by the UN,
gross enrolment ratio is the ratio of the total number enrolled in a primary, secondary or
higher education, regardless of age, to the population of the age group that officially
corresponds to the level of education[239]. The gross enrolment ratio can exceed
100% due to the enrolment of over-aged and under-aged students. A higher general
enrolment ratio means higher degree of participation at a given level of education. The
numerators are the numbers of students enrolled in primary, secondary and higher
education. Because enrolment in higher education was so low between 1950 and 1980
the authors combined the categories of secondary and higher-education. To generate
the denominator of the enrolment ratio, the authors estimated the population aged 6-11
for primary education and 12-18 for secondary and higher education from the 1953,
1964, and 1982 censuses. Because the censuses only provided grouped data for those
aged 5-9, 10-14, and 15-19, they assumed that the numbers within each age group
were equally distributed across the 5 years. It was unclear how they interpolated the

numbers between the census years.

Health system input variables: Doctor density and hospital bed density are

defined as the number of doctors and hospital beds for every 10,000 members of the
population (Table C.4, Appendix C). The numerator of doctor density is licensed or

assistant licensed doctors, referring to medical providers who have obtained the
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licenses of qualified doctors and are employed in medical treatment, disease
prevention or healthcare institutions, excluding the licensed doctors engaged in a
management job. Barefoot doctors are not included in the numerator (see Section 2.3.2
for more cadre classification details). The denominator is the number of people based

on counts from household registration from the Ministry of Public Security.

Socio-economic development variables: The socio-economic development

variables include gross domestic product (GDP), fixed asset investment, general retalil

price index, local revenue per capita, and agricultural output (Table C.5, Appendix C).

Public health campaign variables: The public health campaign variables are

coded according to the brief descriptions provided in the provincial Weishengzhi. The
authors coded all the public health campaign variables as binary variables. A variable
is coded “0” if Weishengzhi explicitly states that there was no such intervention in the
given year; otherwise it is coded “1”. Missing data is also coded “0” as the authors
justified that “the provincial yearbooks are not consistent among each other in whether
they mention how long specific campaigns continued, and any explicit mention is
usually tied to whether any other major public health event took place at that time. Low-
intensity campaigns get more attention when little else is going on in that province.”
Principal component analysis (PCA) is then used to create indices for some major
categories of public health interventions. The details of how Babiarz and colleagues
applied principal component analysis was not explained but the resulting indices were
given in the dataset. The resulting indices measure the following: sanitary campaigns
(ranged from -1.2 to 7.4), vaccination (-1.1 to 6.0), mosquito vector control (-1.3 to 8.4),
other infectious disease control campaigns (-1.4 to 5.8), and reproductive health (-1.0
to 2.2). See Appendix C for a summary of the variables on sanitary campaigns (Table
C.6), vaccination (Table C.7), mosquito vector control and other infectious disease
control campaigns (Table C.8), and reproductive health (Table C.9). To measure large-

scale nutrition programmes, a single binary variable “malnutrition” is used (Table C.9).

5.3.2 Data update for the period 1981-2017

Data sources

| updated the 1950-80 dataset to the year 2017 based on data availability. | relied on

multiple sources.

To obtain the data for infant and under-5 mortality, | bought the “Annual report on
maternal and child health” (edition 2012, 2015, 2017) from second-hand bookstores
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and extracted all the available province-level data on the IMR and the USMR, which
added 11 years of data (2000, 2002, 2004, 2006, 2008, 2010, 2012, 2013, 2014, 2015,
2016). In these reports, it was claimed that the data on infant mortality and under-5
mortality were estimated from the MCHSS. The MCHSS was described in detail in
Chapter 4 (see Section 4.3.2). Reliable data started only from the later 1990s when
rigorous quality control mechanisms were established, including standardisation of data

collection, data audits and supervision[22].

In addition, | reviewed other open sources for infant and under-5 mortality: censuses,
health statistics yearbooks and the IHME website [240]. | examined the population
censuses of 1982, 1990, 2000, 2010, which report deaths by 5-year age group (0+, 1-
4, 5-9, 10-14, ...,85+) in the household in the past 12 months. Starting from the 2000
census, provincial estimates on the IMR and the USMR can be directly calculated. |
divided the number of deaths in the age group (0-1 and 0-4) by the number of live
births in the same period to estimate the period IMR and US5MR for the year 2000 and
2010. The Health Statistics Yearbook 2011 provided estimates of the IMR by province
in 1982 and 1990 derived from censuses (process not mentioned). The 2017 Global
Burden of Disease (GBD) study also provides estimates for under-5 mortality at
provincial level from 1990 to 2017 [200]. GBD data were derived from various sources
including the Disease Surveillance Point system; censuses; surveys (including the
Annual Survey on Population Change and the Intercensal Survey); the Maternal and
Child Health Surveillance system; and the One-per-thousand Population Fertility
Sample Survey. How the GBD group combined the data from the data sources and

arrived at the estimates of under-5 mortality is not clear.

To generate the CMR1-4, | followed the formula suggested in the UN IGME report
“Levels and Trends of Child mortality” [209].

Given that: ,gx = probability of dying between age x and age x+n,
50o = 1- (1-1Q0)(1-4q1),
Then: CMR1-4 = 1-(1-U5MR)/(1-IMR) = (USMR-IMR)/(1-IMR) [Formula 1]

| searched the data sources that Babiarz and colleagues used for demographic and
socio-economic variables. The provincial yearbooks (available at

http://www.stats.gov.cn) typically report data from the 1990s onwards while the “China

Statistical Data Compilation, 1949-2003” have earlier records. The two sources are
issued by the National Bureau of Statistics and provide the same data in overlapping
years (1993-2003).
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For public health campaign data sources, the Weishengzhi used by Babiarz and
colleagues was discontinued after 1990s but the volume, “Public health in China:
implementation” provides a good alternative. The volume is written by a committee of
public health and government officials, summarizing public health projects, programs
and policy implementation for the past six decades (1949-2010). This volume aims to
“improve the understanding of the changes in population health and the developments
in the field of public health” [241]. | also searched yearbook databases in the Chinese
National Knowledge Infrastructure (CNKI) database, which is a repository of various
types of yearbooks, including health statistics yearbooks, yearbooks on environment,
city statistical yearbooks, from different levels of government. Following what Babiaz
and colleagues did in the 1950-1980 dataset, | used PCA techniques to create a single

index—PCA scores for public health campaigns.

Study population

All relevant variables are estimated at the provincial level. The 1981-2017 dataset

includes the same 27 provinces as the 1950-80 dataset.

Variable description

| updated all the variables that were in the 1950-80 dataset. In addition, | also added
other variables such as the natural growth rate, health professional density and length
of railways in operation (see newly added variables with * in Table C.2, Table C.4 and
all the variables in tables C.10, C.11, Appendix C)

Outcome variables: For infant mortality, | extracted data primarily from the

“Annual report on maternal and child health”, which provided data for 11 years (2000,
2002, 2004, 2006, 2008, 2010, 2012, 2013, 2014, 2015, 2016). | added two years from
censuses (2000, 2010) and two years from the health statistics yearbook (1982, 1990)

For under-5 mortality, | extracted the 11-year data (2000, 2002, 2004, 2006, 2008,
2010, 2012, 2013, 2014, 2015, 2016) from the “Annual report on maternal and child
health” and | added two years from the census (2000, 2010). | also extracted 28 years
of data (1990-2017) from the GBD 2017 study. See Table D.1 (Appendix D) for

outcome data availability of each province.

Demographic variables: | extracted all the demographic variables from the data

sources issued by the statistics bureau except for the per cent of the population under

5 and over 60. Since the Laonian Renkou Ditu Ji was only published in a single volume
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in 1987, | relied on census data (1964, 1982, 1990, 2000, 2010) to extract the total
population, the number of people under 5 and the number of people over 60, dividing
the number of people under 5 and over 60 by the total population. To interpolate the
per cent of the population under 5 and over 60 in the census intervals (1981, 1983-
1989, 1991-1999, 2001-2009), | assumed a linear change in the per cent of the
population between census years. To extrapolate the per cent of population under 5
and over 60 beyond 2010, | computed the average by which the per cent had changed
from 2000 to 2010, and added the average for every year which has elapsed since

2010. See Table D.2 (Appendix D) for demographic data availability of each province.

Education variables: | adopted the way Babiarz and colleagues generated the

gross enrolment ratio of primary education and the gross enrolment ratio of secondary
and higher education and used the same definitions. | extracted the numerators from
the provincial yearbooks and the denominators from the 1964, 1982, 1990, 2000 and
2010 censuses. | estimated the population aged 6-11 and 12-18 by assuming the
population within the given age groups was equally distributed. To calculate the
population aged 6-11 and 12-18 in the census interval (1981, 1983-1989, 1991-1999,
2001-2009), I assumed a linear change in the population between the census years.
After the census of 2010, | applied the linear trend observed between 2000 to 2010.

See Table D.3 (Appendix D) for availability of data on education for each province.

Health system input variables: | generated a new variable of hospital bed

density as the “number of beds in health care institutions per 10,000 population”-
dividing the number of beds in health care institutions by the population figure from
household registration. The population figure from household registration is officially
used to estimate health worker density. To align with that, | used the same
denominator to generate all the health system input variables. | added two more
variables into the dataset: health professional density and health institution density
(definitions in Table C.4, Appendix C). See Table D.4 (Appendix D) for availability of
data on health system input for each province. Health professionals include licensed
doctors, nurses, pharmacists, technicians, excluding barefoot doctors (later referred to
as village doctors), management staff and supportive workers. The health institutions
include hospitals, health care institutions at grass-root level and specialized public

health institutions.

Socio-economic development variables: | updated all the socio-economic

development variables from the same data sources (Table C.5, Appendix C). The
variable “local revenue (100 million yuan)” in the 1950-80 dataset is actually “local

revenue per capita”. This could be an error in the dataset. | renamed the variable and
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updated it to 2017 for all provinces. | added the following variables from the provincial
yearbooks: GDP per capita, consumer price index, general budgetary expenditure,
subsets of general budgetary expenditure, length of railways, navigable inland
waterways and highways, possession of civil vehicles, ownership of the telephone, and
radio and television coverage. See Table D.5 (Appendix D) for socio-economic data

availability of each province.

Public health campaign variables: These data were coded following two steps.

First, | reviewed the volume “Public health in China: implementation”. | assigned each
province-year “1” if any policy or intervention was in place. Justification for coding was

as follows:

e The Expanded Program on Immunization was launched in 1978, including four
vaccines: Bacillus Calmette-Guerin vaccine (BCG), oral poliovirus vaccine
(OPV), measles vaccine, and diphtheria-tetanus-pertussis vaccine (DTwP).
These vaccines have been routinely administered to all infants in China. The
following variables are coded “1” in all provinces since 1980: vaccination
campaign against pertussis, measles, polio, diphtheria and tuberculosis.

e The China National Immunization Program was implemented in 1982, setting
out population prevention and immunization on typhoid and meningitis. The
variables vaccination campaign against typhoid and meningitis are coded “1”
from 1982 onwards.

e The Surveillance system for specific infectious diseases was established in
1978. The functions include monitoring infectious disease epidemics, food and
water monitoring and disease control efforts. The following variables are coded
“1” from 1980 to the most recent year: water quality monitoring, disease
prevention monitoring, food quality monitoring, public hygiene, provision of
clean drinking water, sanitary campaign against dysentery, typhoid, diarrhoea,
malaria, influenza, meningitis, tuberculosis, typhus, and malaria prevention.

e In 1987 the “Frontier health and quarantine law of the People's Republic of
China” was formulated in order to prevent infectious disease including cholera.
The variable vaccination campaign against cholera is coded “1” from 1987
onwards.

e The “Law of the People’s Republic of China on the prevention and treatment of
infectious diseases” was enacted in 1989, dividing infectious diseases into three
classes. Dengue fever was classified into the second class. The variable

dengue prevention is coded “1” since 1989.
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¢ China introduced the one-child policy in 1979. The policy was enacted to
address the growth rate of the country's population, which the government
viewed as being too rapid. The policy was enforced by methods ranging from
offering financial incentives for compliant families and providing contraceptives
to implementing forced sterilizations and forced abortions. The variable
contraception is coded “1” throughout the later years.

e From 1981 onwards, China encouraged aseptic delivery and a clean home or
facility birth environment. From 1995, the government started encouraging
facility-based delivery. Although the conceptions behind midwifery, aseptic
delivery and facility-based delivery differ, the variable midwifery in the 1950-80
dataset, as Babiarz and colleagues emphasized, represents ‘modern midwifery
campaign involving intensive training in sanitary childbirth’. The variable
midwifery is coded “1” from 1981.

e On 22" of January 1986, the Ministry of Health issued a regulation,
“Requirements for urban and rural children's health work”, to promote
systematic child health care management. The “systematic management”
includes routine management of infants and children under seven, particularly
promoting the prevention and treatment of rickets, iron-deficiency anaemia and
malnutrition caused by poor feeding. The variable malnutrition is coded “1” from
1986 onwards.

Second, for those variables which cannot be fully coded based on policy
implementation, | carried out a systematic yearbook search in the Chinese National
Knowledge Infrastructure (CNKI) database for relevant information on March 2", 2020
using the search terms (“dengue fever” OR “cholera vaccine” OR “cholera vaccination”
OR “typhoid vaccine” OR “typhoid vaccination” OR “meningitis vaccine” OR “meningitis
vaccination”). The reference sections of identified yearbooks from CNKI were then
scrutinized for textual explanation of whether the intervention applied to a specific
province-year. If the yearbook states that there was such an intervention in a specific
area of the province or the whole province in the given year, | coded the variable in that
particular province-year “1”. If a yearbook states that there was no such intervention in

the given year, | coded the variable “0”.

The eradication of smallpox in China was achieved in the 1950s. The variable smallpox
vaccination is considered not relevant and deleted from the dataset. Due to the
comprehensive search and coding, the availability of data on public health campaigns

for each province is 100%.
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5.3.3 Data plausibility check

Since the dataset was compiled using archival data, there could be input errors. |

checked the plausibility of the data in a number of ways.

First, for continuous variables, | used scatter plots to look for extreme values relative to
the rest of the data. | checked the unusual values against the original records, and |
corrected the data where relevant. If the original record was not plausible, | inserted a
missing value code. For categorical variables (public health campaign variables), | did
range checks (0/1).

Second, | did a number of logical checks:

- | checked whether the IMR and CMR1-4 were consistently lower than the USMR. If
higher | checked whether there was an error with data entry, which | corrected, or

whether the data were unexpected, in which case | removed the data point(s).

- | checked whether the natural growth rate was equal to the crude birth rate minus the

crude death rate.

- | plotted each individual province’s recorded values of gross domestic product per
capita, investment in fixed assets and local revenue per capita by year to check
whether the growth of the economy was reasonable. When there was an unusual
decline, | checked the suspicious values against the original data sources. If there was
no evidence of an input error, | left the data unaltered. | added up the various
dimensions of government expenditure (culture, education, science and health care
combined expenditure, general public service expenditure, social safety net and
employment effort) and checked whether the sum of the variables was smaller than the

variable “general government expenditure” for each province-year.

5.3.4 Comparison of outcome variables from different sources

| compared the updated mortality data from different sources. Figure E.1 (see Appendix
E) shows the trends in the IMR for each province from 1981 onwards comparing data
from the MCHSS and data from censuses. On average, the differences between the
two sources were small. Figure E.2 to Figure E.28 display the scatter plots of the IMR
for each province from 1981 onwards. The trends over time are mostly consistent but
the census estimates tend to be lower than the other estimates, though not consistently
so0. To maximize the number of observations included in the study, | used data from the

MCHSS for the years from 2000 onwards and data from censuses for 1981 and 1990.
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Figure E.29 shows trends in the USMR in each province from 1981 onwards, using
data from the MCHSS, the censuses and the GBD study 2017. Figure E.30 to Figure
E.56 display the scatter plots of the USMR for each province. As shown in Figure E.29,
for most provinces the trend in under-5 mortality is similar comparing the three data
series. Estimates of under-5 mortality from the 2017 GBD study tended to be higher
than the estimates from the MCHSS and censuses for 26 provinces (96.3%).
Considering the documented under-reporting issues of the MCHSS and the censuses
[15, 30], | decided to use the data from the 2017 GBD study for the USMR.

5.3.5 Statistical analysis

Descriptive analysis

I made individual scatter plots of all the continuous variables over year by province. |
used arithmetic means with standard deviations (SD) across provinces to summarize
all continuous variables by year (1950, 1960, 1970, 1980, 1990, 2000, 2010, 2016). |
divided the IMR by the USMR to get the proportion of the IMR to the USMR.

Modelling the speed of decline of child mortality across all provinces

| calculated the proportional reduction in infant, 1-4 and under-5 mortality by province
between 1950 and 2016. To establish the functional form of the association between
year and mortality outcomes, | first plotted the IMR, CMR1-4 and USMR in each
province between 1950 and 2017. | then fitted regression models with fixed effect of
“province” and with fractional polynomials (FP) of “year” which are more flexible than
ordinary polynomials in modelling non-linear functions. | re-scaled year to start at value
one instead of zero to avoid problems with the use of logarithms and negative power
transformations. For the IMR, a FP of degree m=2 with powers p=(0.5, 0.5) was
selected with the lowest deviance (defined as twice the negative log likelihood). The
estimated response curve is of the form bo+b1xp©+b,x,09log(xp). Year is expressed
as x. Province is expressed as p. The regression coefficients are expressed as bg, b
and b,. For the CMR1-4, the best fractional polynomial has powers (1, 1) and is of the
form bo+ bixp+b2xplog(xp). For the USMR, the best fractional polynomial has powers
(0.5, 0.5) and is of the same form as that of the IMR bo+ b1x,(0.5)+b2Xp(0.5)l0g(Xp).
Alternative approaches to FP include standard quadratic modelling and natural
logarithmic transformation. | compared the three approaches by making graphical
comparisons. After fitting a model using the FP-transformed year variables to the data,

| predicted the yearly change (mathematically known as gradients) in the IMR, the
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CMR1-4 and the USMR at 5-year intervals by taking a linear combination of the
estimated coefficients for the FP-transformed year variables using the “lincom”
command in STATA.

Provincial variation in speed of decline of child mortality

First, to test whether the speed of decline varied by province, | added interaction terms
between province and all the FP-transformed variables. | tested whether the decline in
the IMR, CMR1-4 and USMR varied by province using the partial F-test.

Second, | estimated the speed of decline using the “lincom” command for “typical”
provinces, defined as provinces with the highest, median and lowest mortality levels

based on the starting levels of mortality in 1950.

Third, | tested whether the speed of mortality decline varied by socio-demographic
Index (SDI). By tradition, western=low socio-demographic status, central=moderate
socio-demographic status, and eastern=high socio-demographic status. | did not use
the traditional “Western, Central and Eastern” classification of provinces because this
categorization was based solely on geographical location and economic development
of a province in 1986. | followed the Human Development Index Method, which was
developed by the UN to compute the SDI [242]. The information of variables (X1, X2,
X3, X4) is reduced by principal components analysis (PCA) to an index score, which is
then used to classify provinces into three SDI categories. The PCA is based on data in
1952 (not 1950, due to large missing data). The variables include GDP per capita (X1),
primary education enrolment ratio (X2), secondary education enrolment ratio (X3) and
per cent of urban population (X4). | selected the variables based on the three basic
dimensions of human development as recommended by the UN, i.e. life expectancy at
birth, gross national income per capita and years of schooling. | replaced life
expectancy at birth with per cent of urban population for two reasons: (1) the purpose
of the SDI analysis is to examine variation of child mortality related to socio-
demographic status, so a variable measuring population health was not suitable; (2)
The per cent of urban population captures rapid urbanization, which has been
recognized as a key driver for increased inequalities in China [13, 14]. For each
province, the index score is missing if any of the four variables are missing. | created a
category for missing values (0=SDI could not be generated; 1=SDI could be
generated). The provinces with value “1” are further grouped into three tertiles (low,
medium and high) with approximately equal number of provinces on the basis of the

distribution of the generated index score for the year 1952. | compared the SDI
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categorization of provinces with those using the government 1986 classification and
counted the number of provinces that agree in the two classifications, e.g., agreement
was met if a province in the eastern region was classified as SDI-high categorization. |
tested the interactions between the SDI category and the FP-transformed year
variables (see 4.3.2), using a partial F-test. To visualise the fitted model, | used the
“predict” command in STATA to calculate the predicted IMRs/CMR1-4/U5MRs in each

of the four categories of the SDI (missing, low, medium and high) and then plot these.

Fourth, | estimated the speed of mortality decline for the low, medium and high SDI
categories using the “lincom” command. Analysis was repeated using only three

variables (GDP per capita, primary education enrolment ratio and per cent of urban
population) to compute the SDI. These analyses yielded similar results and only the

SDI analyses using four variables are presented.
5.4 Results

5.4.1 Descriptive results of outcome variables

For the IMR, data are available for 44 years, with data missing for the following years:
1982-1989, 1991-1999, 2001, 2003, 2005, 2007, 2009, 2011, 2017. For the CMR1-4,
data are available for 43 years, with data missing for the following years: 1981-1989,
1991-1999, 2001, 2003, 2005, 2007, 2009, 2011, 2017. For the USMR, data are
available for 59 years, with data missing for the following years: 1981-1989. Data on
the IMR, the CMR1-4 and the USMR vary in completeness between provinces (Table
D.1 in Appendix D). Of the 27 provinces, 24 provinces have 100% of the years with

data available for the outcomes. The three exceptions are Xinjiang, Sichuan and Tibet.

IMR

In 1950, all provinces had very high observed IMRs, ranging from 120.0 deaths per
1000 livebirths in Fujian to 368.4 deaths per 1,000 live births in Guangxi (Table F.1,
Appendix F, Figure 5.2). At the time,15 provinces had IMRs over 200 deaths per 1,000
live births. By 2016, all the provinces had IMRs below 20 deaths per 1,000 live births.
The mean of province-specific IMR was 217.3 deaths per 1,000 live births (SD 53.4) in
1950, declining to 6.1 (SD 3.4) in 2016 (Table F.2, Appendix F). The IMR declined by
more than 90 per cent for all the provinces between 1950 and 2016. The highest
proportional decline occurred in Guangxi (reduction 98.9%) and the lowest was in
Xinjiang (92.1%). The absolute reductions in infant mortality were much steeper during
1950-80 than the later decades. The effects of the Great Leap Forward famine (1959-
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1961) on infant mortality differed in extent across provinces. The IMRs in Henan,
Hebei, Shandong, Anhui, Hubei, Guizhou peaked sharply during the famine, but this
was not the case in other provinces (e.g. Zhejiang, Fujian, Jilin and Jiangxi). Most
affected provinces were from north China, except Anhui, Hubei and Guizhou. Another

moderate peak of the IMRs occurred in the 1981 (data source 1981 census).
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Figure 5.2: Infant mortality rate (per 1,000 live births) by province, 1950-2016

Infants born in less developed western regions had higher IMRs than children born in
eastern or central region (Figures F.1, F.2, Appendix F). In 1950, the leading five
provinces for infant mortality were Guangxi (368.4 deaths per 1,000 births), Shaanxi
(302.3), Yunnan (277.8), Guizhou (260.9) and Sichuan (256.8), all from western China.
In contrast the five provinces with the lowest IMRs at the time were Fujian (120.0),
Hebei (153.9), Liaoning (155.8), Jiangsu (164.4) and Henan (180.6), four from eastern
China and one from central China. In 2016, the leading five provinces for infant
mortality were Xinjiang (19.4), Qinghai (11.0), Yunnan (10.5), Guizhou (7.9) and
Ningxia (7.3), all from western China as well. The corresponding provinces with the
lowest IMRs at the time were Guangzhou (2.0), Zhejiang (2.8), Jiangsu (3.0), Fujian
(3.7) and Hunan (3.8), four from eastern China and one from central China.

CMR1-4

The CMR1-4 was lower than the IMR, and this was true throughout 1950-2016. In

1950, the observed CMR1-4 ranged from 19.2 in Jilin to 269.2 deaths per 1,000
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children surviving to age one in Yunnan (Table F.1, Appendix F, Figure 5.3). At the
time, four provinces had CMR1-4s over 200 deaths per 1,000 children surviving to age
one. By 2016, all the provinces had CMR1-4s below 20 deaths per 1,000 children
surviving to age one. The mean of observed province-specific CMR1-4 declined from
118.6 deaths per 1,000 children surviving to age one (SD 64.1) in 1950 to 8.2 (SD 3.1)
in 2016 (Table F.2, Appendix F). The CMR1-4 declined by more than 70 per cent for all
the provinces from 1950 to 2016. The highest proportional decline for the whole study
period occurred in Yunnan (reduction 97.2%) and the lowest was in Jilin (73.4%). As
with IMR, the CMR1-4 in some provinces peaked in the late 1950s, and then declined
sharply in the 1960s across provinces. A few peaks of the CMR1-4 occurred in 1990
and 2000, most notably in Guizhou.
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Figure 5.3: Child mortality rate aged 1-4 (per 1,000 children surviving to age one) by
province, 1950-2016

In 1950, the leading five provinces with high CMR1-4 were Yunnan (269.2), Hainan
(250.0) and Guangxi (208.3), Xinjiang (189.2) and Jiangxi (187.5), all from western and
central China except Hainan (Figures F.3, Appendix F). In contrast the five provinces
with the lowest CMR1-4 at the time were Jilin (19.2), Shandong (34.5), Liaoning (46.2),
Ningxia (46.2) and Shanxi (58.0), four from eastern China and one from central China.
In 2016, the leading five provinces for the CMR1-4 were Gansu (16.5), Qinghai (12.2),
Guizhou (12.2), Sichuan (11.1) and Jiangxi (11.1), one from western region, two from
central region and two from eastern region (Figures F.4, Appendix F). The

corresponding provinces with the lowest CMR1-4 at the time were Liaoning (2.4),
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Jiangsu (4.0), Fujian (4.4), Jilin (5.1) and Zhejiang (5.2), four from eastern China and
one from central China. Inequity between provinces persists in the study period. The
province-specific estimates ranged from 19.2 in Jilin to 269.2 in Yunnan in 1950.
Children in Yunnan had 14 times the risk of dying between age 1-4 than children in
Jilin. In 2016, Gansu had the highest CMR1-4 (16.5 deaths per 1,000 children surviving
to age one), whereas Liaoning had the lowest CMR1-4 (2.4 death per 1,000 children
surviving to age one). The risk of infants dying between age 1-4 in Gansu was 6.9

times that of Liaoning.

Under-5 mortality rate

In 1950, all provinces had very high observed USMRs, ranging from 180.0 in Fujian to
500.0 deaths per 1,000 live births in Guangxi (Table F.1, Appendix F). At the time, 12
provinces (44.4%) had USMRs over 300 deaths per 1,000 live births. In 2017, all the
provinces had USMRs below 40 deaths per 1,000 live births. It is clear that under-5
mortality continued to decline in all provinces from 1950 to 2017 (Figure 5.4). The
mean province-specific USMR declined from 308.5 deaths per 1,000 live births (SD
81.7) in 1950 to 14.1 (SD 6.6) in 2017 (Table F.2, Appendix F). The USMR declined by
more than 90 per cent for all the provinces from 1950 to 2017. The highest proportional
decline for the whole study period occurred in Guangxi (reduction 97.6%) and the
lowest was in Ningxia (91.0%). The trends in the USMR show a similar temporal
pattern to the IMRs, with two peaks separately occurring in the late 1950s and in the
late 1980s.
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Figure 5.4: Under-5 child mortality rate (per 1,000 live births) by province, 1950-2017
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In 1950, the leading five provinces of under-5 mortality were Guangxi (500.0 deaths per
1,000 births), Yunnan (472.2), Hainan (400.0), Shaanxi (395.4) and Xinjiang (387.8),
four from western China and one from eastern China (Figure F.5, Appendix F). In 2017,
the leading five provinces of under-5 mortality were Tibet (36.0), Xinjiang (28.0),
Ningxia (21.0), Gansu (20.0) and Qinghai (20.0), all from western China. Inequity
between provinces persists in the study period (Figure F.6, Appendix F). The province-
specific estimates of under-5 mortality ranged from 180.0 deaths per 1,000 live births in
Fujian to 500.0 in Guangxi in 1950. The risk of children dying before five years old in
Guangxi was 2.8 times that of Fujian. In 2017, Tibet had the highest USMR (36.0),
whereas several provinces in east China (Liaoning, Jiangsu, Zhejiang, Fujian,
Guangdong) had the lowest USMR (7.0). The risk of children dying before five years

old in Tibet was 5.1 times that of Guangdong.

5.4.2 Changes in the IMR relative to the CMR1-4

Figure 5.5 shows the mean of the IMRs and the CMR1-4s and the mean of the
IMR/CMR1-4 ratios by stacked bars between 1950 and 2016. This also clearly shows
the peak of the IMR/CMR1-4 during the Great Leap Forward famine (1959-1961).
There is a generally increasing ratio of infant mortality to 1-4 mortality between 1950
and 1980 and a decreasing trend from 2000 afterwards. The mean of the IMR/CMR1-4

ratio across provinces is higher than 1.0 in most years except after 2014.
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Figure 5.5: Stacked bar chart of the mean of the IMRs, CMR1-4s and IMR/CMR1-4
ratios across provinces over year, 1950-2016

5.4.3 Socio-demographic variables

The demographic profile of the population changed noticeably between 1950 and 2017.

There was a big difference in total population across provinces and some provinces
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(e.g., Guangdong and Shandong) grew much more than others (Figure F.7 in the
Appendix F). Figure 5.6 shows that there was a declining trend in the crude birth rate
which reached a dip during 1959-1961 (Great famine period). After a peak in 1962-
1965, the crude birth rate kept declining before the introduction of the one child policy
in 1979. The crude death rate sharply rose due to the famine of 1959-1961 and
showed fluctuations in the return to long-term equilibrium (Figure F.8). As expected, the
natural growth rate is mostly above zero except in the early years of the 1960s (Figure
F.9). Demographic changes also affect the age structure and other parameters of the
population. The per cent of the population over 60 decreased from the 1950s to a slight
dip in the 1960s, then increased gradually to 2017, with a particular sharp increase in
the recent three decades (Figure F.10). The per cent of the population under 5 is
decreasing, corresponding to the trend in the crude birth rate (Figure F.11). About 50
per cent of the population was male for the entire study period (Figure F.12). The per
cent of urban population rose steadily in the study period (Figure 5.7). Whereas only 12
per cent of China’s population was urban in 1950, the urbanization level reached 56
per cent in 2017 (Table F.2, Appendix F).
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Figure 5.7: Per cent of urban population by province, 1950-2017

Although fluctuating, the gross enrolment ratio of primary education and that of
secondary and higher education both continued growing to the end of the study period
(Figures 5.8, 5.9). The enrolment ratio of primary education increased massively
between 1970 and 1975. The mean of the gross enrolment ratio of primary education
across provinces was 40% in 1950 and reached 100% by 1980, although there was a
huge range across provinces (Table F.2, Appendix F). In comparison with primary
education, the gross enrolment ratio of secondary and higher education rose more
gradually between 1950 and 1975 and then declined between 1975 and 1980. The
mean of the gross enrolment ratio of secondary and higher education was 2% in 1950
and reached 100% after 2010. Education differentials were huge between regions in
1950 (Figures F.13, F.14 in the Appendix F). By 2017, the education differentials
mostly disappeared (Figures F.15, F.16 in the Appendix F).
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The health institution density increased slightly between 1950 and 1960, plateaued
between 1960 and 2009 and rose sharply after 2010 (Figure 5.10). The huge peak in
1960 corresponded to the expansion of private hospitals. Hospital bed density grew
from 2.2 units per 10,000 population in 1950 to 57.3 units per 10,000 population in
2017 (Table F.2, Appendix F). The increasing trends in hospital bed density far exceed
the trends in health institution density (Figure 5.11). Health professional density grew
from 4.8 persons per 10,000 population in 1950 to 63.9 persons per 10,000 population
in 2017. The mean of health professional density increased 4-fold in the initial years
(1950-1964) under Chairman Mao, from 4.8 in 1950 to 20.4 in 1964 (Figure F.17 in the
Appendix F).

Doctor density grew gradually from 1950, then experienced two plateau periods, 1963-
1973 and 1980-2000, and continued growing to 2017 (Figure 5.12). The mean of
doctor density grew from 3.1 persons per 10,000 population in 1950 to 24.0 persons
per 10,000 population in 2017. The mean of doctor density increased three-fold in the
initial years under Chairman Mao, from 3.1 persons per 10,000 population in 1950 to
10.3 persons per 10,000 population in 1964 (Figure 5.12). Between 2010 and 2017, the
mean of doctor density across provinces increased from 17.9 to 23.9 per 10,000
population. Provinces in east and south China (Heilongjiang, Jilin, Liaoning, Hebei,
Zhejiang, Fujian, Guangzhou, Hubei, Hunan) had the highest doctor density in 1950 —
more than 4.0 doctors per 10,000 population, while provinces in western China, for
example Xinjiang, Yunnan, Qinghai, had the lowest doctor density — less than 1.0
doctor per 10,000 population (Figures F.18, F.19). In 2017 the inequality of doctor

density distribution became less prominent (Figure F.20).
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population by province, 1950-2017
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The GDP per capita was virtually flat between 1950 and 1990, though real changes are
hidden by the massive increase in GDP per capita after 1990 (Figures 5.13, 5.14).
GDP per capita increased from a mean of 70.0 yuan (around U.S. $ 25.5) in 1950 to a
mean of 1537.3 yuan ($ 321.4) in 1990, with some variation between provinces. In
1952, provinces in northeast China had the highest GDP per capita (Figure F.21). From
1990 onwards, the mean GDP per capita increased massively from 1537.3 yuan ($
321.4) in 1990 to 53648.7 yuan ($ 7936.2) in 2017, 766 times the GDP of 70.0 yuan (
$ 25.5) in 1950 (Table F.2, Appendix F). The GDP per capita varied widely between

provinces. In 2017, eastern coastal provinces had the highest GDP per capita (Figure
F.22).

Similar to the GDP per capita, local government general budgetary revenue, local
revenue per capita, general budgetary expenditure remained stable between 1950 and
1990, but rose substantially after 1990 (Figures F.23-29). Two economic indicators,
general retail price index and consumer price index, had some fluctuations between
1950 and 2017 (Figures F.30, F.31).
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Figure 5.14: Gross domestic product per capita(yuan) by province, 1950-1990

The trends for other socioeconomic variables are much as anticipated. The production
of grain per capita ranged from virtually flat between 1950 and 2000 to an increase for
some of the provinces (Heilongjiang, Inner Mongolia, Jilin) from 2000 onwards (Figure

5.15). There was a slight decline in grain output which continued for several years after
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the 1959-1961 famine. Data on the production of fruit per capita were truncated
between 1980 and 1995 due to incomplete data (Figure F.32). Before 1980, the
production of fruit per capita did not really change. After 1995, the production of fruit
per capita rose steadily. The length of railways and the length of navigable inland
waterways did not change much from 1950 to 2017 (Figures F.33, F.34). The length of
highways rose steadily from 1950 to the middle of the 2000s and then saw a dramatic
increase from 2005 onwards (Figure 5.16). Possession of civil vehicles was very close
to zero between 1950 and 1990 (Figure F.35), and rose sharply from 1990. The
ownership of telephone was very close to zero between 1950 and 1990 (Figure F.36),
then rose sharply from 1990. The mean of province-specific ownership of telephone
reached 113.2 sets per 100 persons in 2017 (Table F.2, Appendix F). Radio coverage
rate of the population rose steadily from 1950 to 2017 (Figure F.37). The mean of
province-specific radio coverage rate reached 98.4% in 2017. Television coverage rate
started rising from 1960 and shows the similar trend as that of radio coverage rate in
the later decades (Figure F.38).
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Figure 5.15: Production of grain per capita (10,000 tons) by province, 1950-2017
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Figure 5.16: Length of highways (km) by province, 1950-2017

5.4.4 Speed of mortality decline

Ignoring provincial variation

The results comparing different models by year (including quadratic model,
exponentiation of the natural logarithmic transformation modelling and fractional
polynomials) are shown for the IMR and the CMR1-4 separately in Figures 5.17-5.18.
The dots in Figures 5.17-5.18 are observed IMRs and CMR1-4s respectively for
individual provinces over the years. The fitted curves from the quadratic model,
although a statistically significantly better fit compared to a straight line (p<0.001, Wald
test of the quadratic term), suggests implausibly that the IMRs/CMR1-4s are rising in
recent years. The fitted curves from the exponentiation of the log transformation of the
three separate mortality outcomes underestimates mortality rates before 1955. The
fractional polynomials capture the relationship much better than the others (p<0.001,
likelihood ratio test, Table 5.1).
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Figure 5.17: Observed infant mortality rates and estimates from fitted functions of year.
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Figure 5.18: Observed mortality rate aged 1-4 and estimates from fitted functions of
year.
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Table 5.1: Fractional polynomial analysis for the variable “year”

Outcome Year Powers Deviance Deviance P-value
difference

IMR Omitted 12596.76 1481.49 <0.001

(per 1,000 live births)  Linear 1 11670.26 555.00 <0.001
m=1 0 11121.49 6.22 0.045
m=2 0.50.5 11115.27 0.00

CMR1-4 Omitted 11381.34 794.51 <0.001

(per 1,000 children Linear 1 10957.41 370.58 <0.001

surviving to age one) m=1 0 10648.35 61.53 <0.001
m=2 11 10586.83 0.00

USMR Omitted 18047.19 1971.72 <0.001

(per 1,000 live births)  Linear 1 16780.47 705.01 <0.001
m=1 0 16104.06 28.59 <0.001
m=2 0.50.5 16075.47 0.00

Notes: The preferred models with the lowest deviance are shown in bold.

The predicted yearly absolute change of mortality across provinces from regression
models with only FP-transformed year variables at different time points is shown in
Table 5.2. The predicted yearly absolute change in the mortality outcomes can be
interpreted as the predicted change in the mortality rates from one year to the next.
The most rapid decline in the IMRs/CMR1-4s/U5MRs occurred in 1950-1955. Between
1950 and 1951 the predicted yearly absolute change across all provinces was -26.7
(95% CI. -29.8, -23.5), and -39.7 (95% CI: -44.3, -35.0) deaths per 1,000 live births for
the IMR and the USMR, -8.4 (95% CI: -9.9, -6.9) deaths per 1,000 children surviving to
age one for the CMR1-4 (Table 5.2). Between 1960 and 1961 this dropped to -4.9
(95% CI: -5.3, -4.4), -6.9 (95% CI: -7.7, -6.2) deaths per 1,000 live births, and -3.4
(95% CI: -4.0, -2.8) per 1,000 children surviving to age one. From 1985 onwards all
yearly changes were below 2. The IMR declined massively in the early years, much
more so than the CMR1-4.
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Table 5.2: Levels of mortality and predicted yearly absolute change of mortality for all
provinces

Observed levels of mortality for the Predicted yearly absolute change of mortality
former year across provinces

Year IMR CMR1-4 US5MR IMR CMR1-4 US5MR
1950-1951 217.3+#51.1 118.6 +64.1 308.5+81.7 -26.7 -8.4 -39.7

(-29.8, -23.5) (-9.9, -6.9) (-44.3, -35.0)
1955-1956 1154 +33.3 77.6+44.0 183.0 £ 64.9 -8.2 -4.8 -11.9

(-9.0, -7.3) (-5.6, -3.9) (-13.2, -10.6)
1960-1961 118.3+53.2 53.9+34.7 164.6 £ 74.0 -4.9 -3.4 -6.9

(-5.3, -4.4) (-4.0, -2.8) (-7.7,-6.2)
1965-1966 72.2+25.2 24.3+15.8 94.5+37.0 -3.4 -2.5 -4.7

(-3.7,-3.1) (-2.9, -2.0) (-5.3,-4.2)
1970-1971 52.0+17.5 21.9+13.6 72.6 +28.4 -2.5 -1.8 -3.5

(-2.8,-2.3) (-2.2,-1.5) (-3.9,-3.1)
1975-1976 47.7 +18.8 17.7+9.4 64.4 +26.3 -2.0 -1.3 -2.7

(-2.2,-1.7) (-1.6,-1.1) (-3.0,-2.3)
1980-1981 449218 13.4+10.4 57.5+30.8 -1.6 -0.9 -2.1

(-1.8, -1.4) (-1.0, -0.9) (-2.4,-1.7)
1985-1986 - - - -1.3 -0.8 -1.6

(-1.5,-1.1) (-0.8,-0.8) (-2.0,-1.3)
1990-1991 339223 23.6 £16.5 55.5+294 -1.1 -0.3 -1.3

(-1.3, -0.8) (-0.4, -0.2) (-1.6, -1.0)
1995-1996 - - 46.7 £ 23.6 -0.9 0.0 -1.0

(-1.1, -0.7) (-0.1,0.1) (-1.4,-0.7)
2000-2001 24691 13.2+12.2 374179 -0.7 0.2 -0.8

(-0.9, -0.5) (0.1, 0.3) (-1.1,-0.5)
2005-2006 - - 28.0+12.7 -0.6 0.5 -0.6

(-0.8,-0.4) (0.3, 0.6) (-1.0,-0.3)
2010-2011 11.3%5.1 89+6.5 20.1+x95 -0.5 0.7 -0.5

(-0.7, -0.3) (0.5,0.8) (-0.8, -0.2)
2015-2016 6.6 £3.7 8.6+34 16.1+7.6 -0.4 0.8 -0.4

(-0.6, -0.2) (0.7, 1.0) (-0.7,-0.1)

Notes: The IMR/US5MR are expressed in deaths per 1,000 live births. The CMR1-4 is expressed in deaths
per 1,000 children surviving to age one. SD is standard deviation. For the predicted yearly absolute
change estimates, 95% confidence intervals are reported in parentheses.

Variation by individual province

Table 5.3 presents the FP models for the IMR/CMR1-4 as a function of year with
interaction terms. According to Model 1, there is very strong evidence that the decline
in the IMR and the CMR1-4 varied by province based on regression models with
interaction terms between the FP-transformed year variables and the variable
“province” (partial F-test p<0.001, Table 5.3). There is very strong evidence that speed
of mortality decline varied by SDI categories based on the regression model with
interaction terms between the FP-transformed year variables and the categorical SDI

variable between 1950 and 2016 (Model 2, partial F-test p<0.001, Table 5.3).
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Table 5.3: Fractional polynomial models for mortality as a function of year with interaction terms (province and year in Model 1, SDI category and year

in Model 2)
Dependent variable IMR CMR1-4

Model 1 FP-transformed year variable 12 -111.85 (-111.85, -111.85) -16.18 (-16.18, -16.18)
FP-transformed year variable 2° 16.22 (16.22, 16.22) 3.36 (3.36, 3.36)
Constant 358.00 (358.00, 358.00) 153.77 (153.77, 153.77)
Partial F test for the interaction terms between FP-transformed variables and province p<0.001 p<0.001

Model 2 FP-transformed year variable 12 -84.25 (-91.11, -77.40) -7.24 (-8.34, -6.13)

FP-transformed year variable 2°

SDI categories
SDI-low category
SDI-medium category
SDI-high category
SDI-missing indicator

Interactions between FP-transformed year variable 1 and SDI categories
FP-transformed year variable 1 and SDI-low category
FP-transformed year variable 1 and SDI-medium category
FP-transformed year variable 1 and SDI-high category

Interactions between FP-transformed year variable 2 and SDI categories
FP-transformed year variable 2 and SDI-low category
FP-transformed year variable 2 and SDI-medium category
FP-transformed year variable 2 and SDI-high category

Constant

Partial F test for the interaction terms between FP-transformed variables and province

13.23 (12.04, 14.42)

108.30 (52.56, 164.05)
83.91 (10.47, 157.36)
(ref)

60.25 (10.80, 109.70)

-20.33 (-39.98, -0.68)
-27.88 (-63.88, 8.12)
-15.01 (-44.95, 14.93)

1.54 (-1.85, 4.92)

4.26 (-2.37, 10.88)

1.91 (-4.18, 8.01)
243.23 (223.89, 262.58)
p<0.001

1.52 (1.28, 1.75)

92.34 (46.46, 138.23)
48.38 (23.59, 73.18)
(ref)

46.25 (8.56, 83.94)

-8.46 (-12.71, -4.22)
-4.76 (-7.46, -2.05)
-4.27 (-9.19, 0.64)

1.70 (0.84, 2.56)
0.97 (0.40, 1.55)
0.88 (-0.19, 1.95)
67.41 (58.11, 76.70)
p<0.001

Notes: Applying the fractional polynomial method in the data results in automatic calculation of the fractional powers of year, and automatic generation and naming of two variables

(term_1 and term_2) in the dataset. a and b represent term_1 and term_2 separately and are termed FP-transformed year variables throughout the chapter. The regression

coefficients were shown in the table with 95% confidence intervals in the brackets.
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Table 5.4 shows the IMRs and the predicted yearly absolute change of the IMRs for
three typical provinces for each of the 14 time periods selected. The typical provinces
are selected with the highest (Guangxi, 368.4), the median (Hainan, 200.0) and the
lowest (Fujian, 120.0) levels of infant mortality in 1950. The predicted yearly absolute
change in the IMR in Guangxi is substantially higher than the predicted yearly absolute
change in the other two provinces throughout the periods. Likewise, Hainan
experienced more rapid yearly change of the IMR than that of Fujian. Table 5.5 shows
the CMR1-4 and the predicted yearly absolute change of the CMR1-4 of three typical
provinces for each of the 14 time periods selected. The typical provinces are selected
with the highest (Yunnan, 269.2), the median (Sichuan,109.1) and the lowest (Jilin,
19.2) levels of 1-4 mortality in 1950. The predicted yearly absolute change in the
CMR1-4 in the typical provinces show the similar pattern as that observed for the IMRs.
Yunnan, starting with highest level of 1-4 mortality saw the most dramatic mortality
decline.

Table 5.4: Levels of the IMR and predicted yearly absolute change of the IMR for three
selected provinces

Observed levels of mortality Predicted yearly absolute change of the IMR

for the former year

Year Guangxi Hainan Fujian Guangxi Hainan Fujian
1950-1951 368.4 200.0 120.0 -51.7 (-51.7, -51.7) -40.5 (-40.5, -40.5) -18.9 (-18.9, -18.9)
1955-1956 85.4 96.2 95.5 -14.1 (-14.1, -14.12) -10.7 (-10.7, -10.7) -5.7 (-5.7,-5.7)
1960-1961 141.8 65.5 74.3 -7.6 (-7.6, -7.6) -5.6 (-5.6, -5.6) -3.3(-3.3,-3.3)
1965-1966  70.5 38.0 43.0 -4.8 (-4.8, -4.8) -3.4(-3.4,-3.9) -2.3(-2.3,-2.3)
1970-1971  47.9 33.2 33.1 -3.2(-3.2,-3.2) 2.1(-2.1,-2.1) 1.7 (-1.7,-1.7)
1975-1976  36.4 21.9 30.0 2.1 (-2.1, -2.1) -1.3(-1.3,-1.3) -1.3(-1.3,-1.3)
1980-1981 36.7 28.6 19.9 -1.4 (-1.4,-1.4) -0.8 (-0.8, -0.8) -1.0 (-1.0, -1.0)
1985-1986 - - - -0.9 (-0.9, -0.9) -0.4 (-0.4,-0.4) -0.8 (-0.8, -0.8)
1990-1991 44.0 29.2 23.0 -0.5 (-0.5, -0.5) -0.04 (-0.04, -0.04) -0.7 (-0.7,-0.7)
1995-1996 - - - -0.2 (-0.2, -0.2) -0.2 (-0.2,-0.2) -0.5(-0.5, -0.5)
2000-2001  27.3 32.7 20.1 0.1(0.1,0.1) 0.4 (0.4, 0.4) -0.4 (-0.4, -0.4)
2005-2006 - - - 0.3(0.3,0.3) 0.6 (0.6, 0.6) -0.3(-0.3,-0.3)
2010-2011 7.6 13.3 7.6 0.5 (0.5, 0.5) 0.7 (0.7, 0.7) -0.3(-0.3,-0.3)
2015-2016 4.4 6.0 4.6 0.6 (0.6, 0.6) 0.8 (0.8, 0.8) -0.2 (-0.2,-0.2)

Notes: Mortality are expressed in deaths per 1,000 live births. SD is standard deviation. SD is standard
deviation. For the predicted yearly absolute change estimates, 95% confidence intervals are reported in

parentheses. The equal upper and lower confidence intervals are due to very small standard error.
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Table 5.5: Levels of the CMR1-4 and predicted yearly absolute change of the CMR1-4
for three selected provinces

Observed levels of mortality for the Predicted yearly absolute change of the CMR1-4

former year

Year Yunnan Sichuan Jilin Yunnan Sichuan Jilin
1950-1951 269.2 109.1 19.2 -15.7 (-15.7,-15.7) -10.8(-10.8, -10.8) -3.5 (-3.5, -3.5)
1955-1956 166.0 128.7 31.9 -9.1(-9.1,-9.1) -6.3 (-6.3, -6.3) -1.9 (1.9, -1.9)
1960-1961 108.8 98.4 26.2 -6.5 (-6.5, -6.5) -4.5 (-4.5, -4.5) -1.4 (-1.4, -1.4)
1965-1966 50.8 52.5 10.5 -4.9 (-4.9, -4.9) -3.4(-3.4,-3.4) -1.0 (-1.0, -1.0)
1970-1971 49.7 31.4 8.4 -3.7(-3.7,-3.7) 2.6 (-2.6, -2.6) -0.7 (0.7, -0.7)
1975-1976 39.4 31.1 4.7 -2.8(-2.8,-2.8) -2.0 (-2.0, -2.0) -0.5 (-0.5, -0.5)
1980-1981 35.1 25.7 2.9 -2.0 (-2.0, -2.0) -15 (-1.5, -1.5) -0.3(-0.3,-0.3)
1985-1986 - - - -1.3(-1.3,-1.3) -1.0 (-1.0, -1.0) -0.2(-0.2,-0.2)
1990-1991 29.1 37.0 0.6 -0.8 (-0.8, -0.8) -0.7 (-0.7,-0.7) 0.0 (0.0, 0.0)
1995-1996 - - - -0.2 (-0.2, -0.2) -0.3(-0.3,-0.3) 0.1(0.1,0.1)
2000-2001 19.9 25.7 2.6 0.2(0.2,0.2) 0.0 (0.0, 0.0) 0.2(0.2,0.2)
2005-2006 - - - 0.6 (0.6, 0.6) 0.3(0.3,0.3) 0.3(0.3,0.3)
2010-2011 8.2 11.1 4.0 1.0(1.0,1.0) 0.5 (0.5, 0.5) 0.4 (0.4, 0.4)
2015-2016 8.3 10.3 6.3 1.4 (1.4,1.4) 0.8 (0.8, 0.8) 0.5 (0.5, 0.5)

Notes: Mortality are expressed in deaths per 1,000 children surviving to age one. SD is standard deviation.
SD is standard deviation. For the predicted yearly absolute change estimates, 95% confidence intervals
are reported in parentheses. The equal upper and lower confidence intervals are due to very small

standard error.

Variation by region

The results of the PCA analysis for the SDI in year 1952 are presented in Table 5.6.
The eigenvalue is presented in descending order. The component 1 explains 78% of
the variance of the four original variables and is retained to compute the SDI. The SDI

is given by the following linear combinations of the original variables:
Y(SDI) = 0.51X1+0.44X2+0.53X3+0.51X4

All the variables (X1 for GDP per capita; X2 for primary education enrolment ratio; X3
for secondary and higher education enrolment ratio; X4 for per cent of urban
population) included in the PCA analysis have positive coefficients, and are therefore
associated with higher socio-demographic status. Each variable is assigned a weight to
calculate the SDI. The secondary and higher education enrolment ratio and the primary
education enrolment ratio have the highest and lowest contribution to the SDI, with a
weight of 0.53 and 0.44 respectively. GDP per capita and per cent of urban population

have equal contributions to the SDI, with a weight of 0.51.
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Table 5.6: Results from the principal component analysis for the socio-demographic
index (SDI) in 1952

Component Eigenvalue Varianc_e Cumulqtive variance
proportion proportion

Component 1 3.13 0.78 0.78

Component 2 0.54 0.14 0.92

Component 3 0.20 0.05 0.97

Component 4 0.14 0.03 1.00

Variable Weight for component 1

Primary education enrolment ratio 0.44

Secondary and higher education 0.53

enrolment ratio

GDP per capita 0.51

Per cent of urban population 0.51

Based on the distribution of the generated SDI (Table 5.7), seven provinces are
grouped into the SDI-low category (Anhui, Guizhou, Henan, Hubei, Hunan, Shandong
and Yunnan) (Figure 5.19). Seven provinces are included in the SDI-medium category
(Fujian, Guangxi, Jiangsu, Jiangxi, Shaanxi, Xinjiang and Zhejiang) and six provinces
are included in the SDI-high category (Guangdong, Hebei, Heilongjiang, Inner
Mongolia, Jilin and Shanxi). Seven provinces are included in the missing indicator

category (Gansu, Liaoning, Ningxia, Qinghai, Sichuan, Tibet and Hainan).

Among provinces with complete data, there are only five in which the SDI category
agrees with the 1986 government classification (Guizhou, Yunnan, Jiangxi, Guangdong
and Hebei). The categorization of all the other provinces does not agree in the two
classifications. For example, provinces from the northeast of China (Heilongjiang, Jilin,
Inner Mongolia), which were categorised as the central region in the 1986 classification
were categorized into the SDI-high category whilst some coastal provinces (Jiangsu,
Zhejiang, Fujian), who belonged to the eastern region in the government 1986

classification were classified into the SDI-medium category.
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Figure 5.19: Socio-demographic index (SDI) grouping of provinces based on data in
1952

The mean and confidence intervals of the 4 variables in 1952 are summarized in Table
5.7. There is good evidence of variation in GDP per capita (yuan) between SDI-low
category, which was 80 (95% CI: 70-90), and SDI-high category, which was 150 (95%
Cl: 100-200). There is a substantial difference in the primary education enrolment ratio
between SDI categories, though the confidence intervals were mostly overlapping.
There is also good evidence that the SDI-low category and SDI-medium had a lower
secondary and higher education enrolment ratio and lower per cent of urban population
than the SDI-high category.

Figures 5.20 and 5.21 present the mean IMR and the mean CMR1-4 separately by SDI
category in 1950, 1960, 1970, 1980, 1990, 2000, 2010 and 2016. In 1950, the IMR and
the CMR1-4 were generally lower in the SDI-high category than in the other two
categories, but these differences disappeared over time (Table 5.8). The SDI-low
category and the SDI-medium category had more or less equal estimates in the mean
IMR, the mean CMR1-4 and the mean U5MR in 1950 and 2016, meaning that the SDI
categorization captures one richer group and a larger group of poorer provinces. Partly
due to very small sample sizes, | found no evidence of variation in IMR between SDI-
groups in 1950 or in 2016 (Table 5.8).
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Table 5.7: The SDI categories of provinces and the mean of the socio-demographic variables in 1952

SDI category Included provinces GDP per capita (yuan) Primary education

enrolment ratio (%)

Secondary and higher
education enrolment ratio (%)

Per cent of urban
population (%)

SDI-low Anhui, Guizhou, Henan, Hubei, Hunan, 80 (70, 90) 32.48 (25.49, 39.48)
Shandong, Yunnan

SDI-medium Fujian, Guangxi, Jiangsu, Jiangxi, Shaanxi, 110 (80, 140) 35.33 (32.13, 38.54)
Xinjiang, Zhejiang

SDI-high Guangdong, Hebei, Heilongjiang, Inner 150 (100, 200) 73.00 (33.18, 112.81)
Mongolia, Jilin, Shanxi

SDI-missing Gansu, Liaoning, Ningxia, Qinghai, Sichuan, 120 (70, 180) 52.73 (41.32, 146.79)

indicator Tibet, Hainan (Ningxia, Tibet not

(Hainan not counted) counted)

2.37 (1.17, 3.57)

4.89 (3.66, 6.12)

5.03 (2.86, 7.20)

1.97

(Only Gansu counted)

8.00 (5.72, 10.28)

13.28 (11.14, 15.41)

16.24 (8.16, 24.31)

12.30 (0.39, 24.21)
(Gansu, Sichuan, Tibet

not counted)

Notes: numbers are mean (95% confidence intervals) across provinces for each summarized variable.

1 Chinese yuan was equivalent to around 0.4 US dollars during 1955-1971. The exchange rate was set at 2.46 yuan to the dollar until 1971.
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Table 5.8: Absolute and relative differences in the IMR, CMR1-4 and USMR between SDI categories in China in 1950 and 2016

IMR

Year 1950

Year 2016

CMR1-4

Year 1950

Year 2016

US5MR

Year 1950

Year 2016

Mean (95% ClI)
SDI-low category
SDI-medium category
SDI-high category

Absolute difference in
rates (95% CI)

SDI-medium minus SDI-high
category

SDI-low minus SDI-high
category

Rate ratio (95% CI)

SDI-medium to SDI-high
category

SDI-low to SDI-high
category

237.76 (198.45, 277.08)
229.98 (190.66, 269.30)

186.79 (144.32, 229.25)

43.19 (-14.68, 101.06)

50.98 (-6.90, 108.85)

1.17 (0.90, 1.52)

1.27 (0.97, 1.65)

5.84 (3.02, 8.68)
6.51 (3.68, 9.34)

5.23 (2.17, 8.28)

1.28 (-2.88, 5.45)

0.62 (-3.54, 4.79)

1.07 (0.61, 1.86)

1.13 (0.65, 1.97)

132.8 (82.64, 183.01)
139.53 (89.35, 189.72)

82.07 (27.86, 136.27)

57.47 (-16.40, 131.34)

50.76 (-23.11, 124.63)

1.89 (0.93, 3.85)

1.69 (0.83, 3.44)

8.06 (5.70, 10.42)
7.69 (5.33, 10.05)

6.64 (4.09, 9.19)

1.05 (-2.43, 4.53)

1.42 (-2.06, 4.89)

1.09 (0.66, 1.78)

1.20 (0.73, 1.96)

337.96 (272.33, 403.58)
334.41 (234.29, 434.52)

253.50 (210.88, 296.12)

80.91 (-10.28, 172.09)

84.46 (-6.73, 175.64)

1.27 (0.94, 1.71)

1.32 (0.98, 1.78)

13.86 (8.59, 19.13)
14.14 (8.87, 19.41)

11.83 (6.14, 17.53)

2.31 (-5.45, 10.07)

2.02 (-5.74, 9.78)

1.08 (0.67, 1.74)

1.16 (0.72, 1.87)

Notes: For the mean, numbers are mean (95% confidence intervals) across provinces for each SDI category.
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Figure 5.20: Infant mortality rate by SDI category, 1950, 1960, 1970, 1980, 1990, 2000,
2010 and 2016

Notes: Each bar represents the mean of infant mortality in the given year in the specified SDI category.
The error bars represent the 95% confidence intervals of the means.
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Figure 5.21: Child mortality rate aged 1-4 by SDI category, 1950, 1960, 1970, 1980,
1990, 2000, 2010 and 2016
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Figure 5.22 shows that the absolute difference between the IMR in the lowest SDI
category and highest SDI category narrowed between 1950 and 2016, suggesting

convergence in IMR. For the CMR1-4, similar patterns were seen (Figure 5.23).
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Figure 5.22: Infant mortality rate by socio-demographic (SDI) category, 1950-2016

Notes: Dots represent observed IMR for each province-year, which has been grouped by SDI categories.
Lines represent the modelled trend in IMR from 1950 to 2016 by SDI categories.
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Figure 5.23: Child mortality rate aged 1-4 by socio-demographic (SDI) category, 1950-
2016

Notes: Dots represent the CMR1-4 for each province-year, which was calculated using the IMR and the
USMR following the formulae, CMR1-4=(U5MR-IMR)/(1-IMR)
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When looking at the confidence intervals, the analysis suggests that the predicted
yearly absolute change of the IMR differed consistently between the SDI-low category
and the SDI-high category throughout the predicted years (Table 5.9). The difference in
the predicted yearly absolute change of the IMR between the SDI-low category and the
SDI-medium category was only statistically significant during 1980-1981, 1985-1986,
1990-1991 and 1995-1996, with the SDI-low category having more rapid yearly decline
in the IMR, confirming that the SDI-low category and the SDI-medium category are not
that different. The difference in the predicted yearly absolute change of the IMR
between the SDI-medium category and the SDI-high category was statistically
significant during 1965-1966, 1970-1971, 1975-1976 and 1980-1981, with the SDI-

medium category having more rapid yearly decline in IMR.

For the CMR1-4, the predicted yearly absolute change of mortality differed consistently
between the SDI-low category and the SDI-high category, and between the SDI-
medium category and the SDI-high category during the 1950-1951, 1955-1956, 1960-
1961, 1965-1966, 1970-1971, 1975-1976, 1980-1981, 1985-1986 and 1990-1991, with
the SDI-high category having the slowest yearly decline (Table 5.9). By looking at the
confidence intervals, | found no evidence of difference in the predicted yearly absolute
change of the CMR1-4 between the SDI-low category and the SDI-medium category
throughout the predicted years.
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Table 5.9: Predicted yearly absolute change of the IMR and the CMR1-4

Predicted yearly absolute change of the IMR Predicted yearly absolute change of the CMR1-4

Year (deaths per 1,000 live births) (deaths per 1,000 children surviving to age one)

SDI-low category SDI-medium category SDI-high category SDI-low category SDI-medium category SDI-high category

1950-1951 -28.8 (-33.5, -24.2) -29.3 (-37.6, -21.0) -21.9 (-23.7, -20.2) -11.4 (-14.2, -8.3) -8.6 (-10.3, -6.8) 5.1 (-5.9, -4.4)
1955-1956 -9.3(-10.7, -8.0) -8.7 (-10.7, -6.7) -6.5 (-7.0, -6.0) -6.5 (-8.2, -4.7) -4.8 (-5.8, -3.9) -2.9 (-3.3,-2.5)
1960-1961 -5.7 (-6.6, -4.9) 5.1 (-6.1, -4.1) -3.8(-4.1, -3.5) -4.6 (-5.9, -3.4) 3.4 (-4.1,-2.7) 2.0 (-2.3,-1.7)
1965-1966 -4.1 (-4.7, -3.6) -3.5(-4.0, -2.9) -2.5(-2.8, -2.3) -3.5 (-4.4, -2.5) -2.5(-3.0, -2.0) -1.5(-1.7, -1.3)
1970-1971 3.2 (-3.7,-2.7) 2.5(-2.9, -2.2) -1.9 (-2.0, -1.7) -2.6 (-3.4, -1.8) -1.8(-2.2, -1.5) -1.1(-1.2,-0.9)
1975-1976 -2.6 (-3.0,-2.2) 1.9 (-2.2, -1.7) -1.4 (-1.6, -1.2) -1.9 (-2.5, -1.3) -1.3 (-1.6,-1.1) -0.7 (-0.9, -0.6)
1980-1981 -2.1(-2.5,-1.8) -1.5(-1.7, -1.3) -1.1(-1.2,-0.9) -1.4 (-1.9,-0.9) -0.9 (-1.1,-0.7) -0.5 (-0.6, -0.4)
1985-1986 -1.8(-2.1, -1.5) -1.2 (-1.4, -1.0) -0.8 (-1.0,-0.7) -0.9 (-1.3,-0.5) -0.5 (-0.6, -0.4) -0.3(-0.3,-0.2)
1990-1991 -1.6 (-1.8, -1.3) 0.9 (-1.2, -0.7) -0.7 (-0.8, -0.5) -0.5 (-0.8, -0.2) -0.2(-0.3,-0.1) -0.1 (-0.1, 0.0)
1995-1996 -1.3 (-1.6, -1.1) -0.7 (-1.0, -0.5) -0.5 (-0.6, -0.4) -0.1(-0.4, 0.1) 0.1(-0.1,0.2) 0.1 (0.0, 0.2)
2000-2001 -1.2 (-1.4,-0.9) -0.6 (-0.9, -0.3) -0.4 (-0.5, -0.3) 0.2 (-0.1, 0.5) 0.3 (0.2, 0.5) 0.3 (0.2, 0.3)
2005-2006 -1.0 (-1.3,-0.8) -0.4 (-0.8, -0.1) -0.3(-0.4, -0.2) 0.5 (0.2, 0.8) 0.6 (0.4, 0.7) 0.4 (0.3, 0.5)
2010-2011 -0.9 (-1.2, -0.6) -0.3(-0.7, 0.0) -0.2 (-0.3,-0.1) 0.8 (0.5, 1.1) 0.8 (0.5, 0.9) 0.5 (0.4, 0.7)
2015-2016 -0.8 (-1.1, -0.5) -0.2 (-0.6, 0.1) -0.1(-0.2, 0.0) 1.0 (0.7, 1.4) 0.9 (0.7, 1.2) 0.7 (0.5, 0.8)

Notes: 95% confidence intervals reported in parentheses.
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5.5 Discussion

Over the period 1950 to 2016, mortality rates for infants, children age 1-4 and children
under 5 have declined substantially, with the greatest absolute decline occurring in
1950-1955. Between 1950 and 1951 the predicted yearly absolute change across all
provinces was -26.7 (95% Cl: -29.8, -23.5), and -39.7 (95% CI: -44.3, -35.0) deaths per
1,000 live births for the IMR and the USMR, -8.4 (95% CI: -9.9, -6.9) deaths per 1,000
children surviving to age one for the CMR1-4. From 1985 onwards all yearly absolute
changes were below 2 deaths per 1000 live births (or per 1,000 children surviving to
age one). There were marked differences in the levels of mortality and the speed of
decline between provinces and socio-economic regions. The SDI-low category and

provinces with the highest burden of mortality made the greatest absolute progress.

Across all provinces, the magnitude of the change in infant and child mortality was
greatest in the 1950s, slowing down thereafter. Unlike most western countries, where
child mortality declined steadily from the late nineteenth century into the 1950s[243],
China still had extremely high levels of under-5 child mortality in 1950, with some
provinces having levels as high as 500 child deaths per 1,000 live births. The timing of
the rapid mortality decline in China coincided with the availability of antibiotics,
immunization and sanitation and specific disease control programmes after the Second
World War (1939-1945)[244]. In western countries, for example the US and Canada,
the declines in child mortality were more gradual in the early decades of the 1900s, and
were largely explained by improved nutrition, sanitation and environmental
improvements[12]. As Omran developed the epidemiologic transition theory, he
classified countries such as China, South Korea, Sri Lanka, Chile, Cuba, under the
Rapid Model in epidemiologic transition[244]. The Rapid Model countries had very high
child mortality rates after the second world war, but the mortality rates declined
massively thereafter. Omran argued that this was attributable to the successful child
survival programmes and specific disease control programs, which were mostly

sponsored by international organizations[244].

Rather than relying on international organizations, China explicitly politicized MCH
under Chairman Mao and used MCH efforts to improve population health, in order to
further develop economy[210]. The government viewed traditional midwives positively,
designated a series of aseptic procedures for home births and supported access to
contraception in the 1950s[210]. A series of MCH policies and programs appeared
remarkably effective in reducing infant mortality between 1950 and 1965, although the
effects are impossible to verify. Lim estimated that 60% of rural births and 9% of urban

births were attended by trained health workers by 1959[245]. Accompanying the
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success of MCH policies and programs, the health systems performed well in infectious
disease control through vaccination, hygiene, sanitation, and the control of disease
vectors, such as mosquitoes and rats[38]. By the end of 1950s, multiple infectious
diseases had been severely curtailed, including diphtheria, typhus and relapsing
fever[210].

The famine during the Great Leap Forward in 1959-1961 severely interrupted the rapid
decline of infant and child mortality. The accurate estimations of infant and child
mortality during the famine cannot be known with certainty because even at that time,
the extent and the severity of the crisis was questioned by Chairman Mao among
others[246, 247]. But the impact was so profound that the level of infant and 1-4 child
mortality almost reversed back to the levels in the early 1950s. Researchers suggested
that food availability does not necessarily decline for famine to occur. Nevertheless,
researchers usually look for an explanation of famine by examining food
availability[248]. The production of grain per capita in my data suggest that there was
not a huge drop in food output in 1959-1961. But caution is needed in interpreting
these data because agricultural statistics are subject to manipulation and pressures to
report success during the Great Leap Forward[246]. Ashton and his colleagues
estimated that there was a drop in grain output of more than 25 percent in 1960-
1961[246]. Equally marked have been the heterogeneous impact of the famine in some
provinces (Henan, Hebei, Shandong, Anhui, Hubei, Guizhou) more than others and the
heterogeneous levels of infant and child mortality during the crisis. Extensive interviews
with refugees by authors revealed that the crisis was far worse in rural areas than in
urban areas and more prolonged in the north than in the south[249]. There is now little
doubt that child mortality was also far worse in provinces from the North. The drought
in north China could have lowered the grain output in the worst affected provinces. But
the worst droughts in modern China in the 1990s had a marginal effect on the food
supply[250]. Data on the production of grain per capita tell us little about the reason
why some provinces from the south, for example Anhui and Guizhou, had higher child
mortality and others did not. The abilities to obtain food could have explained the
variable suffering from the famine. Authors argued that the absence of an effective food
distribution mechanism could be particularly important in regard to the regional and

provincial disparities[246].

China’s massive progress in child survival occurred at a time when China was
extremely poor. By 1978, China’s real GDP per capita was 307.1 US dollars, one-tenth
of that in Brazil[251]. Economic growth has been treated as the main contributor to
improved child health traditionally though its role remains much debated [252, 253]. It is

widely hypothesized that increased income has an indirect effect on mortality through
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enabling the society to afford better housing, education, food and health services[254].
However, some have suggested that mortality may become dissociated from economic
levels because of the diffusion of education investment, urbanization, health resources
that could be improved largely independent of absolute economic level [252]. Previous
evidence from Latin America showed that the relationship between income level and
mortality applied only prior to 1930s not thereafter [252]. In 1985, four countries or
regions (China, Costa Rica, Sri Lanka and the state of Kerala in India) were seen as
superior health performers in achieving improvements in health with fairly low income,
which dispelled the long-believed myth that economic growth was necessary for health
gains. After examining the four cases, researchers identified contributing factors to the
success, including political commitment to health equity, expanded education and well-
performing basic health systems[24]. But researchers failed to present a solid
evaluation of the obvious trap that good health could be achieved in unfavourable

economic circumstances [255].

It is important to note that hospitals were built under the Mao era, particularly in 1950-
1964, with hardly any expansion over time (relative to population increases) except
after 2010. Health professional density and doctor density increased quite a lot in the
initial years under Chairman Mao (1950-1964). The rapid expansion of doctor density—
three-fold increase between 1950 (3.1 doctors per 10,000 population) and 1964 (10.3
doctors per 10,000 population)—kept up with a growing number of total population (563
million in 1950 to 705 million in 1964). Between 2010 and 2017, the mean of doctor
density across provinces increased from 17.9 to 23.9 per 10,000 population. In 2020,
the national estimate of doctor density was 29 per 10,000 population[25], which is
similar compared to the UK'’s at 28 and the US’s 26 per 10,000 population in 2018.
Progressive realisation of high doctor density is a long effort, which usually takes a few
decades. The short time involved in the training of doctors, particularly for the period
1950-1964 is impressive, meaning that the expansion of medical education can be
achieved in a short space of time to address workforce shortages for a country with
rapidly growing populations. The production of doctors in China follows government
imperatives rather than responding to labour market demand[72], which made the

workforce expansion possible in 1950-1964.

The basic education was fairly achieved before the economic reform (1978) despite the
fact that the economy was very poor and stagnant[15, 38]. Before economic reforms,
the Chinese economy was described as “on the brink of disaster” due to its negligible
growth and poor incentives[256]. However, the gross enrolment ratio of primary

education rose steadily before economic growth. In 1977 the mean gross enrolment
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ratio of primary education across provinces was 94%. The enrolment ratio in China
were much higher than in other Asian countries, for example South Korea, at the early
stage of economic take-off[254]. According to Babiarz and colleagues’ analysis of the
data in 1950-1980, 55-70% of China’s rapid decline in the IMR and USMR can be
explained by gains in education enrolment (measured as enrolment ratio of primary
education, enrolment ratio of secondary and higher education) and public health
campaigns[15]. There is substantial evidence from international literature that primary
education is the key driver of child mortality decline[105]. The MDG 2 also called for
universal primary education[90]. The updated data shown in this chapter underscores
the importance of primary education and suggests that, primary education changed in
such a way as to promote the rapid decline in infant and child mortality in 1950-1964.
The rise in primary education in China without economic growth is probably attributable
to increased domestic financing of education[105], which is a demonstration of how
national policies emphasising the expansion of primary education. When comparing to
primary education, the role of secondary education is uncertain in the rapid decline in
child mortality, because the enrolment ratio of secondary and higher education did not
change considerably in 1950-1964.

By contrast, the transportation (e.g. length of highways and possession of civil
vehicles) and communications infrastructure (e.g. ownership of telephone and
television coverage rate) developed more rapidly after the economic reforms. After
opening to the outside world, the government invested more heavily on the
construction of highways and communications facilities[254], resulting in rapid growth
in infrastructure as seen in GDP per capita. Although improvements in transportation
and communications contributed to a striking decline of mortality rates in general and of
child mortality after the industrial revolution, notably in Western Europe, the US,
Canada and later in Japan[257], substantial improvements in transportation and
communication might not be a necessary condition for the rapid decline in child

mortality in China.

The geographic variations in the IMR, the CMR1-4 and the USMR persisted across
regions and provinces over the entire period. Better-off regions and provinces in terms
of GDP, education and urbanisation continued to have comparatively lower infant and
child mortality burden than their counterparts. Take Liaoning for example, Liaoning was
one of the first provinces in China to industrialize, ranking top three among provinces in
terms of GDP per capita (87 US dollars) and primary education enrolment ratio (141%)
in 1952. Liaoning remained among the top in having the lowest infant and child
mortality rates in 1950-2016. An opposite example is Guizhou, one of the least

developed provinces in western China, ranking low in GDP per capita (23 US dollars)
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and primary education enrolment ratio (21%) in 1952. Guizhou persisted having very
high infant and child mortality rates in 1950-2016. Even the rural health policies
pursued during the Cultural Revolution, including establishment of medical stations,
training barefoot doctors and building pharmaceutical sales network into villages could
not eliminate the inequalities between provinces[66]. According to my data, the USMR
was 139 deaths per 1,000 live births in Guizhou in 1970, while that for Liaoning was 26
deaths per 1,000 live births. In 2017, several provinces in east China (Liaoning,
Jiangsu, Zhejiang, Fujian, Guangdong) had the lowest USMR (7.0 deaths per 1,000 live
births), which was equivalent to the estimates in north America (6.3) but higher than the
estimates in Western Europe (3.8) in 2019[258]. In contrast, Tibet had the highest
U5MR (36.0) in 2017, equivalent to the level of under-5 mortality in South Asia (40.2) in
2019[258]. The potential for further improvement in China’s child mortality rates exists.
This finding also suggests that to further reduce child mortality, it will be necessary for
policy makers at the national and provincial levels to aim for overall system
strengthening, with a particular focus on equity, rather than simply focusing on

individual priorities.

Compared to the CMR1-4, infant mortality represents a larger share of under-5
mortality in most years, consistent with the observations seen in many countries[6]. For
example, the proportion of the IMR to the USMR was 54.4% (95% CI: 52.4-56.6) in
Senegal in 2000 and became 73.2% (95% CI: 70.3-75.8) in 2017[6]. According to data
from the MCHSS in 2019, 62.5% of infant mortality happens in the neonatal period in
China[17]. Better pregnancy care, skilled birth delivery and postnatal care have been
proved to be critical to reducing neonatal and infant mortality worldwide [10]. To sustain
progress in infant survival, particularly for neonates with preterm birth complications
and congenital malformations, increasing the accessibility and the utilization of key
interventions (such as skilled care for child birth, neonatal resuscitation and initiation of
kangaroo mother care for low birth weight infants) is very important [10, 259]. It is
relatively unclear why in recent years, particularly after 2000, the shift towards mortality
predominantly affecting infants was not evident. China has used various public health
programs and interventions to target communicable, maternal and neonatal conditions
from 2000, including the Reducing Maternal Mortality Program and Eliminating
Neonatal Tetanus Program, which have probably driven the rapid decline of infant
mortality [200]. These factors could have explained the greater-than-expected progress
in infant mortality reductions after 2000. As for child survival, it is important to reiterate
the importance of the multisector determinants of health. The SDI analysis in this

chapter suggests the need to augment efforts to address social determinants of health,
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such as income and education, and improve child survival along the entire SDI

spectrum.

By the mid-1970s China already achieved very low infant and child mortality and was
already undergoing epidemic transition, which was years ahead of other developing
countries of similar economic status[260]. Sub-Saharan Africa had the highest USMR in
the world in 1970-74 (more than 200 deaths per 1,000 live births), but in the years
since has had the slowest decline in child mortality. Over the period 1960-1990, the
worldwide number of child deaths fell by 2.5% annually, compared with 1.1% annually
over the period 1990-2001[261]. The slowdown in the speed of child mortality decline
appeared to be a world phenomenon, which is now a key concern to the global public
health community. Further work is needed to better understand how to achieve further

declines in child mortality.

The study has several limitations. First, although | have systematically searched
potential sources of data for infant and child mortality, it is possible that | have not
identified all data sources, particularly those not publicly accessible. Second, the
adoption of fractional polynomials to model the speed of mortality decline, although
better than the alternative modelling methods as shown in the chapter, is not perfect.
The predicted yearly absolute change of mortality turned out to an “increase” in some
of the selected years, which is against intuition. The approaches in analysing speed of
decline can be expanded in the future. Third, despite the contributions of multiple
variables discussed, | am unable to explain much of the actual decline in the infant and

child mortality by changes observed in the variables.

Last but not least, there could be bias in the estimates of child mortality, because this
study relies on point estimates of the IMR, CMR1-4 and USMR generated with both
direct and indirect estimation methods. Data from earlier years (1950-1980) estimated
using cohort life table methods need particular scrutiny. Based upon survey responses
of mothers aged 15-57, the 1988 National Survey of Fertility and Contraception was the
main data source for my mortality analysis before 1980. It is useful to consider the bias
that may arise from such retrospective recalls and the indirect demographic
techniques. Selection bias can come from the selective mortality among women
because only mothers who survived to 1988 were able to report her birth history in the
survey. The direction of the bias is likely downward, i.e., the levels of infant and child
mortality have been underestimated, because mother’s death is usually associated with
increased death risks for infants/children[262-264]. This also explains why an unreal
peak of the IMRs occurred in 1981 using the census data. Information bias can simply

arise from the misreporting of the number of live births and the number of surviving
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children, including the report of a stillbirth as live birth or aversion to mentioning a dead
child [94]. There is also a potential bias from the fact that there is only contributing
information from women in the age interval 15-19 for the earliest year 1950, which can
lead to high estimates of the IMR and the USMR because there is established
association between young maternal age with higher risk of child death[265]. The
mortality estimates for the recent three decades (1990-) are largely based upon the

MCHSS and the GBD study, which are subject to retrospective adjustment.

The potential biases could influence the accuracy in the absolute mortality level
estimates, but are unlikely to affect time trends or provincial variations because biases
might have masked short-term trends. The longitudinal trend based on the updated
dataset agree reasonably well with the national trend in the scoping review (Chapter 4),
which is encouraging. Although there are imperfections of the data, the provincial

estimations are sufficiently robust to support the basic conclusions in this chapter.

5.6 Conclusion

Across all the provinces, the declines in infant and child mortality were greatest in
1950-1955 and slowed down thereafter. Although all provinces experienced declines in
child mortality over the period studied (1950-2017), better-off regions and provinces
had consistently lower child mortality levels, suggesting that as long as there are
regional and provincial variation in child survival, the potential for further improvement
in China’s child mortality rates exists. The largest reductions in infant and child
mortality happened when China was extremely poor, suggesting that the GDP per
capita did not play an important role in lowering infant or child mortality. In the absence
of major economic changes, rapid expansion in health workforce, public health
campaigns and expansion of primary education made rapid decline in infant and child

mortality possible.
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Chapter 6. The contribution of doctor density to child mortality:
a provincial analysis between 1950-2016

Based upon the updated dataset 1950-2017, Chapter 6 addresses the fourth objective
of the thesis by using multivariable regression across provinces to investigate the
strength of association between doctor density and child mortality by period of time,

while controlling for other determinants of child mortality.
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6.1 Introduction

The epidemiological transition in causes of deaths suggests that the determinants of
infant and child mortality between 1949 and 2019 may have changed over time
(Chapter 4). Notwithstanding the potential importance of increasing health workforce
density, many questions remain regarding the strength of association, especially when
the changing determinants of child mortality are taken into account. The relationship
between health workforce density and child survival could differ between these periods.
The evidence supporting the increase of health workforce density in the reductions of
child mortality in China is largely based on either cross-sectional data or historical data
spanning two or three decades[15, 72], which cannot capture changes over the 70
years postulated here.

In an era of slower decline in child mortality (Chapter 5), investigating the effect of
health workforce density on child survival by period of time in China might provide
opportunities for shared learning on how to make progress within the resource
constraints. This rich volume of information in the updated dataset 1950-2017 provides
an opportunity to examine evidence of effect and clear accountability for child mortality
declines due to the increase in doctor density by period of time.

6.2 Objectives

To investigate whether and to what extent the strength of association between doctor
density and the IMR/CMR1-4 changed by periods of time (1950-1964, 1965-1980,
2000-2016); and to examine the health systems and socio-economic determinants of

the IMR/CMR1-4 across 27 provinces in China over the same periods.
6.3 Methods

6.3.1 Data sources

Data on the IMR and CMR1-4 as well as data on doctor density and other determinants
of child mortality at provincial level are readily available in 1950-2016 from the updated
dataset (see Section 5.3.2 in Chapter 5 for more details of data sources; see Appendix

D for the table summaries of missing data).

6.3.2 Variables on child mortality

Given the different underlying causes of deaths for infants and children aged 1-4
(Chapter 4), | used the IMR and the CMR1-4 as separate outcome variables to allow
for the possibility that the strength of association between doctor density and the two

child mortality variables might differ. The IMR is expressed as the number of deaths
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per 1,000 live births. The CMR1-4 is expressed as the number of deaths per 1,000

children surviving to age one.

6.3.3 Variables on health workforce density

| focus on doctor density because the data for doctor density are more complete than
data on specialist MCH workers and nurses. | would have liked to include nurse density
but these data are not available at provincial level. Doctor density is expressed as the
number of doctors per 10,000 population. Before 2002, the numerator counts the
number of licensed doctors, licensed assistant doctors and intern doctors who are
practising in medical treatment, disease prevention or healthcare institutions. Since
2002, doctors only include licensed doctors and assistant licensed doctors based on
the medical practitioner certificate[25]. Licensed doctors have a bachelor or higher
degree in medicine. Assistant licensed doctors are graduates of three-year junior
college, or secondary technical school with a school diploma. Barefoot doctors or

village doctors are not included in this variable.

The doctor density by province in 1950-2017 and the period classification are shown in
Figure 6.1. The period classification is according to the conceptual framework and data
availability, particularly data availability for the IMR and the CMR1-4 (large missing
data in 1981-1999). The data on doctor density are based on year-end administrative
surveys from the Ministry of Health that follow the same standardised procedures
(survey tools, interviewer training, data collection and analysis) in all health facilities[25,
72], therefore the data are comparable across provinces. In addition, the health
workforce data from the Ministry of Health have shown good reliability. Anand and
colleagues cross-checked the Ministry of Health data with census data in 1990 and
2000 and they found that the counts of health professionals agreed reasonably well

between the two sources [72].

In addition to the constantly changing medical education programs and the variable
components of “doctors” in China’s contemporary history as | explained in Chapter 2, it
is noteworthy that the definition and the measurement of doctor density changed a few
times. Figure 6.1 also illustrates the likely sources of measurement bias. First, during
the Cultural Revolution (1966-1976), many licensed doctors were reallocated the status
of barefoot doctors by health authorities and excluded from the count of doctors,
leading to a decrease in reported doctor density. Second, there was a change in the
definition of the health workforce statistics in China in 2002 to include only the licensed
(assistant) doctors from public and private sectors[72], excluding the interns who were
practising but not registered or licensed by the health authorities. Third, after finding a
small mismatch between the counts of health professionals from the Ministry of Health
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data and those from the census data (1990 and 2000), authors argued that the year-

end administrative survey may have missed private practitioners before 2000[72]. The

three sources of measurement bias will all have caused underestimation of doctor

density.
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Figure 6.1: Doctor density by province, period classification for analysis and
measurement changes, 1950-2016

6.3.4 Other determinants of child mortality

| selected potential determinants based on (1) the findings of the scoping review in

chapter 4; and (2) a conceptual framework (Figure 6.2) that | adapted from Abdel

R.Omran’s updated version of the Epidemiologic Transition Theory [244]. | used the

framework because it is capable of applying epidemiologic inference to changing

mortality over time and links to socio-demographic, environmental and health workforce

changes relating to health outcomes; and (3) data availability.

Figure 6.2 shows the substantial epidemiologic transition in child mortality in China

over the last few decades. | classified the transition into four periods based on the

timing of important socio-demographic changes and health workforce policies as

described in Chapter 2. The start of contemporary China in 1949 was a time of high

child mortality, high burden of communicable diseases and nutritional deficiency in a
context of very low density of doctors, short medical education and poverty. The first
period from 1950 to 1964 saw very rapid declines in the IMR and the CMR1-4,
coinciding with changes in increased doctor density, public health campaigns and
education expansion. The second period 1965-1977 saw continued declines in the IMR

and the CMR1-4 despite the social and economic disruptions caused by the Cultural
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Revolution. The health system started to focus on rural public health following the call
from Chairman Mao to really serve the people. Doctors were sent to rural areas and
could not leave without permission, which kept trained doctors in rural facilities[31]. The
third period 1978-1997 was a period of rehabilitation and readjustment for both the
health system and the whole society. The last period 1998-2016 was a time of
economic growth and reforms in education and health systems to balance social
development with economic growth. Over time, a shift occurred in the causes of child
deaths whereby communicable diseases and malnutrition were progressively, albeit not
entirely, displaced by a new set of causes, including congenital abnormalities, preterm

birth complications, injuries and intrapartum-related events.

| borrowed the idea of separating determinants in the health system and determinants
in the broader context outside the health system from a systems framework centred on
health workers [55]. In the first place | put doctor density before other characteristics of
the health systems, including medical education, health system infrastructure and
health service accessibility, because any function of the health system operates

through the health workforce to achieve the ultimate health goals [28, 29, 58].

1998-2016

New set of health burden

- Congenital abnormalities

- Preterm birth complications
- Injuries

- Intrapartum-related events

1949

1950-1964

1965-1977 1978-1997

Old set of health burden

- High burden of tetanus for
newborns

- High burden of
pneumonia, tuberculosis
and diarrhea for children

- Nutritional deficiency

Rapid decline in child mortality Slower decline in child mortality

EPIDEMIOLOGIC TRANSITION

Unfinished old set of burden

- Communicable disease and
nutritional deficiency in rural and
remote areas

Health systems - Increased doctor density Health systems
- Very low density of doctors - Slow improvement in - High doctor density

- Barefoot doctors
- Rural public health

- Short medical training
- Health infrastructure
construction (facilities,
hospital bed)

strategy

medical training
- Increasing inequality in
service access

- Reform medical training
- Persisted inequality in service
access

Broader context outside
health systems

- Poverty

- High birth rate

- Poor sanitation and
housing

- Poor education and
personal hygiene

- 10% urban population

- Public health campaign
- Primary and secondary
education expansion

Child mortality (per 1,000 live births)

- Public health campaign
- Primary and secondary
education expansion
- Declining birth rate

- Primary and secondary
education expansion

- Declining birth rate

- Slow economic growth

- Urbanization

- Socio-economic inequality

Broader context outside
health systems

- Rapid economic growth

- Low birth rate

- 100% secondary education
- 60% urban population

- Socio-economic inequality

Mean IMR 217 (51)~78 (24)
Mean CMR1-4 119 (64)~31 (17)

72 (25)~41 (18)
24 (16)~14 (10)

25 (9)~6 (3)
13 (12)~8 (3)

Figure 6.2: Framework adapted from the Epidemiologic Transition Theory by Abdel

R.Omran

Notes: Means (SDs in parenthesis) of the IMR and the CMR1-4 are simple averages of the province

estimates from my dataset, showing the means of the IMR and the CMR1-4 for the cut-off years (1950 and
1964, 1965 and 1977, 1998 and 2016) across provinces.

Since the health workforce density is the primary focus of the chapter, other

determinants within the health systems and the broader socio-economic determinants

are important covariates to consider for modelling. Within the health system, |
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considered hospital bed density as a potential covariate but not the health facility
density because both doctor density and hospital bed density increased in the past
decades within a fixed infrastructure, i.e. health institutions became bigger but the
density of health institutions did not change much in the study period. Moreover,
hospital bed density has been proposed by WHO as an indicator of health system
investments and is most commonly used in analytical endeavours [266, 267]. Outside
the health system | considered GDP per capita (adjusted for inflation), the gross
enrolment ratio of primary education, the enrolment ratio of secondary education, the
per cent of urban population, crude birth rate, the production of grain per capita, the
PCA scores for public health campaigns, the length of highways and the local
government expenditure in culture, education, science and health care (adjusted for

inflation, thereafter referred to as government expenditure) as potential covariates.

The number of variables in the updated dataset 1950-2017 was far too large in relation
to the number of provinces, and it was necessary to reduce the number to get a more
manageable set of relevant covariates. The relevant covariates were selected based
upon a full examination of all the variables in the data. Initial analyses using simple
correlations between each of the variables and the IMR/CMR1-4 partly guided the
selection of the alternative variables. | placed particular emphasis on selecting relevant
covariates based upon the intrinsic importance of the variables, for example, the length
of highways versus the length of railways in operation, the former of which is generally

considered to be more relevant.

The traditional classification of region in 1986 (Eastern, Central and Western China)
was based on the geographical location and level of economic development as
explained in Chapter 5. | did not consider region as a potential covariate because the
effect of region on child mortality would be captured through having socio-economic

determinants. Nevertheless, in the appendix | report the results adjusting for region.

6.3.5 Statistical analysis

Analysis strategy

Requiring the exact year cut-offs as shown in the conceptual framework would have
resulted in too few observations, particularly for the period 1978-1997. | therefore
divided the period 1950-2016 into three: 1950-1964, 1965-1980 and 2000-2016. Data
on the IMR and the CMR1-4 were not available between 1981 and 1999 so | excluded
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that period. In the appendix, | report the analysis results for the USMR to provide
evidence for the missing period 1990-1999 (no data for the IMR or the CMR1-4).

To examine the strength of association between doctor density and the IMR/CMR1-4 in
different periods, | decided a priori to put the interaction term between the categorical
variable “period” and doctor density in all models. The estimated coefficients represent
the association between doctor density and the IMR/CMR1-4 on average in the first
period, the differences in the associations between the first and second periods (i.e.
one of the interactions), and the difference in the associations between the first and the
third periods (i.e. the other estimated interaction). | calculated linear combinations of

these coefficients to get the associations within each of the periods.

Correlation analysis

| checked the pairwise correlation between all the potential covariates to have an
understanding of the possible multicollinearity between the variables before moving to
the modelling. | did not decide which covariates to include or exclude at this step. |
considered correlation coefficient values less than -0.8 or greater than +0.8 as

significant.

The strong correlation between “period” and a few important potential covariates (the
PCA score for public campaigns and the enrolment ratio of secondary education) led to
my decision of not having interaction terms between them in the model. According to
the conceptual framework and theoretical considerations, it makes sense to include
interaction terms between all the potential covariates and “period” under the
assumption that the determinants of child mortality are changing by period. But the
correlation analysis prevented me having too many interactions in the modelling,
because adding interaction terms between strongly correlated variables will bring more
severe multicollinearity to the modelling. Therefore, | made an assumption in the

modelling that the effect of the covariates was common between different periods.

Selection of regression models and model interpretation

Two classes of models are applicable, i.e. hierarchical regression models and growth
curve models. Hierarchical regression models are most commonly used in longitudinal
data, while growth curve models provide some extensions which are more relevant to

latent constructs. | adopted the hierarchical regression approach which has the benefit
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of allowing me to compare my results with the study published by Babiarz and

colleagues [15].

Based on the scatter plots of the IMR/CMR1-4 versus doctor density overlaid with
separate lines for different provinces showing the relationship between doctor density
and the IMR/CMR1-4, | found no reason to assume the shape of the association (or the
regression slope) differs between provinces over the whole period 1950-2016, so there
was ho need to add random slopes in the modelling. To assess the association
between doctor density and mortality, | fitted a multivariable regression model with
fixed effects of provinces using Maximum Likelihood. | expected to see correlation of
data within provinces, so | used robust standard errors to address this. | did not
consider random effects because | am assuming that doctor density has a common
relationship with child mortality across all provinces. The general form of the model is

as follows:
Ln(Mortalityi)=a+ Bo*periodit Y cyc.Covariateci+d sdgDoctori*periodic + Bi1*Doctori + &,
where &; ~ N(0,w>) (Equation 6.1)

Where mortality;; is measured by infant or 1-4 mortality for province i and attime t. a is
the constant term. B represents the effect of the first period of time. There are three
levels of period. Covariate represents a vector of the health systems and social
determinants (see Section 6.3.4) measured at the level of provinces and over time. c is
the number of covariates. y. is the set of coefficients relating to each of the covariate.
Doctor represents doctor density. d is the number of coefficients relating the interaction
terms between period and doctor density. &qis the set of coefficients relating to the
interaction terms. 31 represents the main effect for doctor density. €; is the residual

error term.

The natural log transformation of child (or infant) mortality is to satisfy the assumption
that the outcome residuals must be normally distributed for the linear regression model.
The non-linearity between child mortality and most of the determinants can be
adequately captured by a log transformation[104]. After exponentiation, the coefficients
become multiplicative effects of one unit change in the independent variable on the
mortality outcome, i.e. relative risk (RR) of the IMR and the CMR1-4. The association is
estimated using crude and adjusted RR, 95% CI and Wald test p values. | present the
effect of doctor density within each period. This can be done for a particular period by
taking the linear combination of the main effect of doctor density and adding the

relevant estimated interaction coefficient. | tested the interaction between doctor
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density and period using the joint Wald test. | considered p values less than 0.05 as

statistically significant.

Model building process

Finding the proper function of each covariate: | made simple scatter plots

between the potential covariates and the In-transformed outcomes to determine the
function (linear or curvilinear) of each covariate (see Figures G.1-G.10 in the Appendix
G). The log transformation of the outcomes did not fully capture the curvilinearity
between GDP per capita and child mortality. GDP per capita turned out to have clear
curvilinear relationships with both the In-transformed outcomes. Considering that GDP
per capita is a prerequisite for many determinants of infant and child mortality such as
nutrition, housing and sanitation [56, 104], | decided to refine the curvilinearity by
including an interaction term between the categorical variable “period” and GDP per
capita. | modelled the other covariates using the linear function for simplicity and ease
of interpretability.

Variable selection method: | used the forward selection method to build the

multivariable models. | decided to include GDP per capita and one of the two education
variables (the gross enrolment ratio of primary education and the gross enrolment ratio
of secondary and higher education) in the adjusted models as forced variables
because they are critical determinants of infant and child mortality and have been
always controlled for as covariates in previous studies[56, 72]. | took forward the
smaller set of variables (doctor density, the forced variables and the interaction terms)
to the modelling stage. Using the change-in-estimate method[268], | compared the
estimates from the adjusted models with those from the model with the smaller set of
variables to examine whether the effect of doctor density on the IMR/CMR1-4 was
confounded by any covariate. If the adjusted RR changed more than 10% of the
unadjusted estimates of the RR, | regarded it as good evidence of confounding. At
each step, only one covariate that causes the largest change among the forced
variables is added to the model. For covariates having minimal confounding effect, |
also included them in the multivariable model to improve the statistical power in
explaining outcome variance. The inclusion of very long list of covariates would have
substantially reduced sample size without adding much to the explanatory power of the
models. | chose a stopping rule that when the proportion of missing data reached 40%,

| stopped adding in further covariates.
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Identifying multicollinearity: There were signs of multicollinearity for a few

variables (GDP per capita, the gross enrolment ratio of secondary and higher
education, the per cent of urban population, government expenditure, PCA score for
public health and period) based on previous correlation analysis. In the modelling
process, | added in the covariates one by one to check the standard error of the log
rate ratios to examine the change of multicollinearity. | decided to drop the per cent of
urban population only because it introduced multicollinearity in the multivariable

analysis.

Missing data assumptions

| assume that data are missing at random given the covariates that | include in the
model. This means that model covariates are able to predict missingness which is a
relaxation of the strong missing data assumption that is made by the unadjusted model.
For example, if a province has very low GDP per capita, the province will probably
have more missing data. By including GDP per capita as covariate, GDP per capita is
able to predict the missingness. Therefore, | can assume data are missing at random. If
there is missingness in the data that is predicted by variables that | don’t have, then it

means data are not missing at random.

Understanding the confounding effect from GDP per capita

Confounder:
GDP per capita

a B
Exposure: Outcome:
Doctor density In(IMR)
-
Confounding effect = ap Adjusted Effect =7

Unadjusted Effect=t=af + 7

Figure 6.3: The triangle model examining the confounding effect of GDP per capita
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I relied on the classic confounder triangle to understand GDP per capita as a single
confounder by period. In examining the confounding effect, the relationship between
the exposure doctor density and the In(IMR) and the confounder GDP per capita is
shown in Figure 6.3. The tand 1’ are log risk ratios. The t represents the unadjusted
effect of doctor density on the outcome. The t represents the adjusted (adjusting for
GDP per capita) effect of doctor density on the outcome. The confounding effect can
be calculated as either the difference between two regression parameters (t - v), or the

multiplication of two regression parameters (ap)[269], which is also a log risk ratio.

IN(IMR)=Bo1 + X + &1 (Equation 6.2)
IN(IMR)=Bo2 + X + BZ + & (Equation 6.3)
Z= Lozt aX + & (Equation 6.4)

Where In(IMR) is the transformed outcome variable, X represents doctor density, Z
represents the confounder variable GDP per capita, Bo1, Boz and Boz are intercepts, and
g1 and g; are unexplained variability. The standard error of the confounding effect can
be estimated using Equation 6.5.

Oap = |0GB% + JE{IQ (Equation 6.5)

Sensitivity analysis

The education variables can influence the mortality outcomes in a time lag, as
suggested by previous studies[15], so education was also modelled using the lagged
variables (9-year lag for primary education enrolment ratio and 3-year lag for
secondary and higher education enrolment ratio) as a sensitivity analysis. The reason
for using the 9-year lag is that the denominator of the primary education enrolment ratio
is the population aged 6-11, some of whom need 9 years to reach the reproductive age
15. The reason for using the 3-year lag is that the denominator of the secondary and
higher education enrolment ratio is the population aged 12-18, some of whom need 3

years to reach the reproductive age 15.
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6.4 Results

6.4.1 Correlation analysis

Table 6.1 shows the pairwise correlation matrix of potential covariates. The secondary
education enrolment ratio, the per cent of urban population and the government
expenditure are significantly correlated with GDP per capita (correlation

coefficient>0.8).
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Table 6.1: Pairwise correlation matrix of potential covariates

Doctor GDP per Primary Secondary Per cent of PCA score Birth rate Production of  Hospital Length of Government  Period
density capita education education urban for public grain per bed highways expenditure
(adjusted enrolment enrolment population health capita density (adjusted for
for inflation)  ratio ratio campaign inflation)

Doctor density 1(1699)

GDP per capita 0.63(1649) 1(1773)

(adjusted for inflation)

Primary education 0.66(1596) 0.59(1672) 1(1702)

enrolment ratio

Secondary education 0.67(1601) 0.82(1629) 0.73(1617) 1(1655)

enrolment ratio

Per cent of urban 0.74(1686) 0.84(1723) 0.62(1665) 0.83(1638) 1(1775)

population

PCA score for public 0.72(1581) 0.59(1638) 0.69(1598) 0.65(1551) 0.59(1648) 1(1700)

health campaign

Birth rate -0.62(1674)  -0.56(1750)  -0.72(1645) -0.72(1645)  -0.62(1745) -0.78(1671) 1(1792)

Production of grain 0.40(1678) 0.30(1726) 0.28 (1675)  0.43(1630) 0.40(1756) 0.34(1676) -0.36(1751) 1(1784)

per capita

Hospital bed density 0.79(1686) 0.56(1667) 0.66(1622) 0.64(1623) 0.65(1699) 0.61(1594) -0.61(1691) 0.38(1690) 1(1717)

Length of highways 0.50(1651) 0.58(1624) 0.75(1724) 0.55(1654) 0.73(1607) 0.67(1727) -0.55(1738) 0.33(1736) 0.48(1669) 1(1778)

Government 0.25(1389) 0.88(1416) 0.36(1366) 0.66(1320) 0.59(1428) 0.46(1346) -0.50(1423) 0.18(1434) 0.29(1399) 0.77 1(1462)

expenditure (adjusted (1414)

for inflation)

Period 0.75(1186) 0.67(1260) 0.76(1209) 0.81(1150) 0.73(1262) 0.87(1225) -0.77(1279) 0.22(1290) 0.69(1204) 0.69(1265) 0.62(969) 1(1323)

Notes: Correlation coefficient values less than +0.8 and greater than -0.8 are not considered significant. Number of observations are reported in parentheses. Government expenditure

is short for local government expenditure in culture, education, science and health care (100 million yuan). GDP per capita and government expenditure have been adjusted for

inflation.
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6.4.2 Graphical relationship between doctor density and the IMR/CMR1-4

by period

The graphical relationship between doctor density and the IMR/CMR1-4 by period is

shown in Figure 6.4. Two findings emerged from the graphs. First, the relationship

between doctor density and child mortality was non-linear, suggesting that the crude

association between doctor density and the IMR/CMR1-4 varies by period. Second,

doctor density was negatively associated with the IMR/CMR1-4 over the period 1950-
1964, but this was much less apparent in 1965-1980 and in 2000-2016.
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Figure 6.4: Scatter plots between the IMR and doctor density (left), the CMR1-4 and
doctor density (Right)

6.4.3 Univariable and multivariable analysis results

IMR

There was very strong evidence from the crude analysis (Model 0 in Table 6.2) that
doctor density was negatively associated with the IMR during 1950-1964 (crude
RR=0.91, 95% CI: 0.90-0.93, p<0.001) and during 2000-2016 (crude RR=0.94, 95%
Cl: 0.91-0.96, p<0.001). There was no evidence that doctor density was associated
with the IMR (crude RR=0.99, 95% CI: 0.94-1.03, p=0.54) during 1965-1980 (Table
6.2). Take the period 1950-1964 for example, the result can be interpreted as the RR of
infant mortality changed by 0.91 with each additional doctor per 10,000 population.

Table 6.2 also shows the RR of the IMR adjusting one covariate at a time in Models 1-

10. By comparing the change of estimates, | found some evidence of confounding from
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GDP per capita over the periods 1965-1980 and 2000-2016 (Model 0 versus Model 1),

but not much confounding from other covariates.

In Table 6.3, the sequence from Model 11 to Model 21 represents exactly the steps in
the multivariable model building. Models 11-13 show the multivariable analysis results
using only the forced variables (interaction between GDP per capita and period, the
gross enrolment ratio of primary education and the gross enrolment ratio of secondary
and higher education). The interaction between GDP per capita and period was
statistically significant (p<0.001) throughout the models. There was very strong
evidence from Model 13 that doctor density was negatively associated with the IMR
over the period 1950-1964 (adjusted RR=0.91, 95% CI: 0.90-0.93, p<0.001). There
was very strong evidence that doctor density was positively associated with the IMR
over the period 1965-1980 (adjusted RR=1.06, 95% CI: 1.03-1.09, p<0.001; Model 13).
There was no evidence of association over the period 2000-2016 (adjusted RR=1.03,
95% CI: 0.99-1.06, p=0.09; Model 13).

A multicollinearity problem was detected in Models 14 and 15 after adding the per cent
of urban population, which was then removed from the subsequent models. After
adjusting for the interaction between GDP per capita and period, the primary education
enrolment ratio and the secondary education enrolment ratio, none of the further
covariates shown in Models 16-20 were found to be significant and the strength of
association between doctor density and the IMR in Table 6.3 was basically unaffected.
Thus, the models presented in Tables 6.3 are robust and the interpretation of the
strength of association between doctor density and the IMR is invariant to the inclusion
of further covariates. Model 21 has more than 44.8% missing data and is shown at the

end of multivariable analysis, so that model is ignored in interpretation.

Model 20 is chosen as the final multivariable model for the IMR adjusting for a full set
of covariates (interaction between GDP per capita and period, gross enrolment ratio of
primary education, gross enrolment ratio of secondary education enrolment ratio, PCA
score for public health campaign, crude birth rate, production of grain per capita,
hospital bed density and length of highways). One important finding from Model 20 is
that there is still very strong evidence that doctor density is negatively associated with
the IMR over the period 1950-1964 (adjusted RR=0.91, 95% CI: 0.89-0.93, p<0.001),
independent of GDP per capita (adjusted RR=1.54, 95% CI: 0.36-6.61, p=0.49). There
is also strong evidence that doctor density is positively associated with the IMR over
the period 1965-1980 (adjusted RR=1.06, 95% CI: 1.03-1.09, p<0.001). There is no
evidence of association between doctor density and the IMR over the period 2000-
2016 (adjusted RR=1.01, 95% CI: 0.99-1.04, p=0.32).
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CMR1-4

There was very strong evidence from the crude analysis (Model 0 in Table 6.4) that
doctor density was negatively associated with the CMR1-4 over the period 1950-1964
(crude RR=0.88, 95% CI: 0.86-0.91, p<0.001). There was no evidence of association
over the period 1965-1980 (crude RR=0.96, 95% CI: 0.89-1.04, p=0.33). There was
good evidence that doctor density was negatively associated with the CMR1-4 over the
period 2000-2016 (crude RR=0.96, 95% CI: 0.93-0.99, p=0.03).

Table 6.4 also shows the RR of the CMR1-4 adjusting one covariate at a time in
Models 1-10. | found some evidence of confounding from GDP per capita over the
periods 1965-1980 and 2000-2016, but not much confounding from other covariates.

The interpretation of model results in Table 6.5 is basically the same as that for Table
6.3, but this time for the CMR1-4. The strength of association between doctor density
and the CMR1-4 remained relatively unchanged across models. Model 20 is chosen as
the final multivariable model for the CMR1-4, adjusting for the same set of covariates
as those for the IMR (interaction between GDP per capita and period, gross enrolment
ratio of primary education, gross enrolment ratio of secondary education enrolment
ratio, PCA score for public health campaign, crude birth rate, production of grain per
capita, hospital bed density and length of highways). Based on Model 20, there is very
strong evidence that doctor density is negatively associated with the CMR1-4 over the
period 1950-1964 (adjusted RR=0.88, 95% CI: 0.86-0.91, p<0.001), independent of
GDP per capita (adjusted RR=1.94, 95% CI: 0.30-12.45, p=0.49). There is good
evidence that doctor density is positively associated with the CMR1-4 over the period
1965-1980 (adjusted RR=1.06, 95% CI: 1.00-1.12, p=0.048). There is no evidence of
association between doctor density and the CMR1-4 over the period 2000-2016
(adjusted RR=0.99, 95% CI: 0.94-1.04, p=0.80).

Adding region as a covariate did not modify the findings, except for the positive
association between doctor density and the IMR/CMR1-4 in the second period which
does not retain statistical significance (Table G.1 in appendix G). In the appendix, | also
report the multivariable analysis for the USMR, adjusting for the same set of covariates
as those for the IMR and the CMR1-4 (Table G.2). The estimates of the strength of
association between doctor density and the USMR are similar to those for the
IMR/CMR1-4 for the periods 1950-1964, 1965-1980 and 2000-2017. There is no
evidence of association between doctor density and the USMR over the period 1990-
1999 (adjusted RR=1.00, 95% CI: 0.97-1.03, p=0.41).
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Table 6.2: Unadjusted and adjusted (one covariate at a time) relative risks of the IMR

Model 0 (N=979,
10.8% missing)

Model 1 (N=929,
15.4% missing)

Model 2 (N=928,
15.5% missing)

Model 3 (N=913,
16.8% missing)

Model 4 (N=966,
12.0% missing)

Model 5 (N=935,
14.8% missing)

Doctor density (per 10,000 population)
(1950-1964)
(1965-1980)
(2000-2016)
Period
(1950-1964)
(1965-1980)
(2000-2016)
GDP per capita adjusted for inflation
(2,000 yuan)
(1950-1964)
(1965-1980)
(2000-2016)
Primary education enrolment ratio
Secondary education enrolment ratio
Per cent of urban population
PCA score for public health campaign
Birth rate (per 1,000 population)

Production of grain per capita (10,000
tons)

Hospital bed density (per 10,000
population)

Length of highways (km)

Government expenditure adjusted for
inflation (100 million yuan)

0.91 (0.90, 0.93)™
0.99 (0.94, 1.03)
0.94 (0.91, 0.96)™

1 (ref)
0.25 (0.17, 0.37)™
0.16 (0.10, 0.25)™

0.92 (0.90, 0.93)™
1.06 (1.02, 1.10)"
1.02 (0.99, 1.06)

1 (ref)
0.29 (0.22, 0.38)™
0.08 (0.06, 0.12)™

0.80 (0.31, 2.09)
0.01 (0.00, 0.03)™
0.76 (0.72, 0.81)™

0.93 (0.92, 0.95)™
1.01 (0.98, 1.05)
0.95 (0.93, 0.98)"

1 (ref)

0.29 (0.21, 0.42)™
0.24 (0.15, 0.38)™

0.99 (0.99, 0.99)™

0.92 (0.91, 0.94)™
1.02 (0.99, 1.05)
0.97 (0.94, 1.00)

1 (ref)

0.24 (0.18, 0.32)™
0.23 (0.14, 0.40)™

0.99 (0.98, 0.99)™

0.94 (0.92, 0.96)™
1.03 (0.99, 1.08)
0.98 (0.95, 1.01)

1 (ref)

0.20 (0.13, 0.29)™
0.20 (0.13, 0.29)™

0.97 (0.96, 0.98)™

0.92 (0.90, 0.93)™
1.00 (0.96, 1.04)
0.93 (0.91, 0.96)™

1 (ref)

0.22 (0.15, 0.32)™
0.27 (0.12, 0.60)"

0.95 (0.89, 1.01)

Notes: GDP per capita and government expenditure have been adjusted for inflation, i.e. GDP per capita has been divided by the inflation rate. *p<0.05, **p<0.01, ***p<0.001.
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Table 6.2: (Cont.)

Model 0 (N=979,
10.8% missing)

Model 6 (N=960,
12.6% missing)

Model 7 (N=977,
11.0% missing)

Model 8 (N=969,
11.7% missing)

Model 9 (N=931,
15.2% missing)

Model 10 (N=769,
30.0% missing)

Doctor density (per 10,000 population)
(1950-1964)
(1965-1980)
(2000-2016)

Period
(1950-1964)
(1965-1980)
(2000-2016)

GDP per capita adjusted for inflation
(2,000 yuan)
(1950-1964)

(1965-1980)
(2000-2016)
Primary education enrolment ratio
Secondary education enrolment ratio
Per cent of urban population
PCA score for public health campaign
Birth rate (per 1,000 population)

Production of grain per capita (10,000
tons)

Hospital bed density (per 10,000
population)

Length of highways (km)
Government expenditure adjusted for
inflation (100 million yuan)

0.91 (0.90, 0.93)™
0.99 (0.94, 1.03)
0.94 (0.91, 0.96)™

1 (ref)
0.25(0.17, 0.37)™
0.16 (0.10, 0.25)™

0.91 (0.89, 0.92)™
0.99 (0.96, 1.03)
0.94 (0.91, 0.96)™

1 (ref)

0.23 (0.16, 0.32)™
0.19 (0.12, 0.31)™

1.01 (1.01, 1.02)™

0.91 (0.90, 0.93)™
0.99 (0.94, 1.03)
0.94 (0.91, 0.97)™

1 (ref)

0.25 (0.17, 0.37)™
0.15 (0.10, 0.24)™

0.92 (0.57, 1.49)

0.92 (0.91, 0.94)™
0.99 (0.96, 1.03)
0.96 (0.93, 0.99)"

1 (ref)

0.27 (0.18, 0.42)™
0.15 (0.09, 0.24)™

0.99 (0.97, 1.00)

0.91 (0.90, 0.93)™
0.99 (0.94, 1.03)
0.95 (0.92, 0.98)"

1 (ref)

0.27 (0.18, 0.41)™
0.19 (0.12, 0.30)™

0.99 (0.99, 0.99)™

0.91 (0.90, 0.93)™
0.98 (0.93, 1.03)
0.98 (0.95, 1.01)

1 (ref)

0.28 (0.18, 0.42)™
0.15 (0.09, 0.23)™

0.99 (0.99, 0.99)™

Notes: GDP per capita and government expenditure have been adjusted for inflation, i.e. GDP per capita has been divided by the inflation rate. *p<0.05, **p<0.01, ***p<0.001.
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Table 6.3: Relative risks of the IMR from multivariable analysis

Model 11 (N=903,
18.8% missing)

Model 12 (N=889,
19.0% missing)

Model 13 (N=877,
20.5% missing)

Model 14 (N=896,
18.4% missing)

Model 15 (N=867,
21.0% missing)

Model 16 (N=829,
24.5% missing)

Doctor density (per 10,000 population)
(1950-1964)
(1965-1980)
(2000-2016)

Period
(1950-1964)
(1965-1980)
(2000-2016)

GDP per capita adjusted for inflation
(1,000 yuan)
(1950-1964)

(1965-1980)
(2000-2016)
Primary education enrolment ratio
Secondary education enrolment ratio
Per cent of urban population
PCA score for public health campaign
Birth rate (per 1,000 population)

Production of grain per capita (10,000
tons)

Hospital bed density (per 10,000
population)

Length of highways (km)
Government expenditure adjusted for
inflation (100 million yuan)

0.92 (0.90, 0.94)™
1.06 (1.03, 1.09)™
1.02 (0.99, 1.05)

1 (ref)
0.32 (0.24, 0.41)™
0.11 (0.07, 0.17)™

1.47 (0.55, 3.90)

0.02 (0.01, 0.06)™
0.80 (0.73, 0.83)™
0.99 (0.99, 0.99)"

0.91 (0.90, 0.93)™
1.06 (1.03, 1.09)™
1.03 (0.99, 1.06)

1 (ref)
0.28 (0.22, 0.37)™
0.11 (0.07, 0.19)™

1.43 (0.49, 4.18)
0.02 (0.01, 0.12)™
0.80 (0.74, 0.86)™

0.99 (0.99, 0.99)"

0.91 (0.90, 0.93)™
1.06 (1.03, 1.09)™
1.03 (0.99, 1.06)

1 (ref)
0.29 (0.22, 0.38)™
0.11 (0.06, 0.20)™

1.51 (0.50, 4.59)
0.03 (0.01, 0.13)™
0.80 (0.75, 0.86)™
0.99 (0.99, 1.00)
0.99 (0.99, 0.99)"

0.92 (0.91, 0.94)™
1.07 (1.04, 1.10)™
1.03 (0.99, 1.05)

1 (ref)
0.31 (0.24, 0.40)™
0.15 (0.09, 0.27)™

6.19 (1.22, 31.56)"
0.04 (0.01, 0.15)™
0.82 (0.75, 0.89)™
0.99 (0.99, 0.99)™

0.99 (0.98, 0.99)"

0.92 (0.90, 0.94)™
1.07 (1.04, 1.10)™
1.03 (1.00, 1.06)"

1 (ref)
0.29 (0.23, 0.38)™
0.18 (0.10, 0.33)™

6.11 (1.14, 32.84)"
0.06 (0.01, 0.28)™
0.84 (0.77, 0.92)™
0.99 (0.99, 0.99)"
0.99 (0.99, 0.99)™
0.99 (0.98, 1.00)

0.92 (0.90, 0.94)™
1.06 (1.03, 1.09)™
1.02 (0.99, 1.06)

1 (ref)
0.29 (0.22, 0.40)™
0.13 (0.06, 0.30)™

2.02 (0.61, 6.68)
0.05 (0.01, 0.26)™
0.81 (0.75, 0.88)™
0.99 (0.99, 0.99)"
0.99 (0.99, 0.99)"

1.01 (0.95, 1.07)

Notes: GDP per capita and government expenditure have been adjusted for inflation, i.e. GDP per capita has been divided by the inflation rate. *p<0.05, **p<0.01, ***p<0.001.
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Table 6.3: (Cont.)

Model 17 (N=823,
25.0% missing)

Model 18 (N=823,
25.0% missing)

Model 19 (N=823,
25.0% missing)

Model 20 (N=781,
28.9% missing)

Model 21 (N=606,
44.8% missing)

Doctor density (per 10,000 population)
(1950-1964)
(1965-1980)
(2000-2016)

Period
(1950-1964)
(1965-1980)
(2000-2016)

GDP per capita adjusted for inflation
(2,000 yuan)
(1950-1964)

(1965-1980)
(2000-2016)
Primary education enrolment ratio
Secondary education enrolment ratio
Per cent of urban population
PCA score for public health campaign
Birth rate (per 1,000 population)

Production of grain per capita (10,000
tons)

Hospital bed density (per 10,000
population)

Length of highways (km)
Government expenditure adjusted for
inflation (100 million yuan)

0.92 (0.90, 0.94)™
1.06 (1.03, 1.09)™
1.02 (0.99, 1.06)

1 (ref)
0.28 (0.21, 0.38)™
0.12 (0.06, 0.28)™

1.91 (0.62, 5.87)
0.05 (0.01, 0.23)™
0.81 (0.75, 0.88)™
0.99 (0.99, 0.99)°
0.99 (0.99, 0.99)"

1.01 (0.95, 1.07)
0.99 (0.99, 1.00)

0.92 (0.90, 0.94)™
1.06 (1.03, 1.09)™
1.02 (0.99, 1.06)

1 (ref)
0.28 (0.21, 0.39)™
0.12 (0.06, 0.27)™

1.94 (0.57, 6.63)
0.05 (0.01, 0.24)™
0.81 (0.75, 0.88)™
0.99 (0.99, 0.99)"
0.99 (0.99, 0.99)™

1.01 (0.95, 1.07)
0.98 (0.99, 1.00)
0.98 (0.64, 1.49)

0.91 (0.90, 0.93)™
1.06 (1.03, 1.09)™
1.01 (0.99, 1.04)

1 (ref)
0.27 (0.19, 0.37)™
0.13 (0.06, 0.27)™

1.54 (0.36, 6.61)
0.04 (0.01, 0.24)™
0.81 (0.75, 0.88)™
0.99 (0.99, 0.99)"
0.99 (0.99, 0.99)™

1.01 (0.95, 1.07)
0.99 (0.99, 1.01)
0.96 (0.64, 1.46)

1.01 (0.99, 1.02)

0.91 (0.89, 0.93)™
1.06 (1.03, 1.09)™
1.01 (0.99, 1.04)

1 (ref)
0.28 (0.19, 0.39)™
0.15 (0.07, 0.32)™

1.66 (0.39, 7.04)
0.05 (0.01, 0.25)™
0.82 (0.76, 0.88)™
0.99 (0.99, 0.99)"
0.99 (0.99, 0.99)"

1.00 (0.94, 1.06)
1.00 (0.99, 1.01)
0.97 (0.62, 1.51)

1.01 (0.99, 1.02)

0.99 (0.99, 1.00)

0.91 (0.89, 0.93)™
1.05 (1.01, 1.08)"
1.01 (0.98, 1.03)

1 (ref)
0.28 (0.20, 0.41)™
0.19 (0.09, 0.39)™

2.41 (0.59, 9.8)

0.11 (0.02, 0.58)"
0.86 (0.77, 0.95)"
0.99 (0.99, 0.99)"
0.99 (0.99, 0.99)™

1.01 (0.95, 1.07)
0.99 (0.99, 1.00)
0.56 (0.30, 1.06)

1.01 (0.99, 1.02)

1.00 (0.99, 1.00)
0.99 (0.98, 0.99)"

Notes: GDP per capita and government expenditure have been adjusted for inflation, i.e.

*p<0.05, **p<0.01, **p<0.001.

GDP per capita has been divided by the inflation rate.
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Table 6.4: Unadjusted and adjusted (one covariate at a time) relative risks of the CMR1-4

Model 0 (N=975,
11.2% missing)

Model 1 (N=926,
15.7% missing)

Model 2 (N=925,
15.8% missing)

Model 3 (N=910,
17.1% missing)

Model 4 (N=962,
12.4% missing)

Model 5 (N=931,
15.2% missing)

Doctor density (per 10,000 population)
(1950-1964)
(1965-1980)
(2000-2016)

0.88 (0.86, 0.91)™
0.96 (0.89, 1.04)
0.96 (0.93, 0.99)"
Period
(1950-1964)
(1965-1980)
(2000-2016)

GDP per capita adjusted for inflation
(2,000 yuan)

1 (ref)
0.17 (0.09, 0.33)™
0.12 (0.07, 0.22)™

(1950-1964)
(1965-1980)
(2000-2016)
Primary education enrolment ratio
Secondary education enrolment ratio
Per cent of urban population
PCA score for public health campaign
Birth rate (per 1,000 population)

Production of grain per capita (10,000
tons)

Hospital bed density (per 10,000
population)

Length of highways (km)
Government expenditure adjusted for
inflation (100 million yuan)

0.89 (0.86, 0.91)™
1.07 (0.99, 1.14)
0.99 (0.95, 1.05)

1 (ref)
0.20 (0.14, 0.30)™
0.08 (0.04, 0.16)™

0.49 (0.11, 2.28)
0.01 (0.00, 0.01)™
0.89 (0.81, 0.98)"

0.91 (0.88, 0.93)™
0.99 (0.93, 1.06)
0.97 (0.93, 1.02)

1 (ref)

0.21 (0.13, 0.36)™
0.22 (0.11, 0.44)™

0.99 (0.99, 0.99)™

0.89 (0.87, 0.92)™
0.99 (0.95, 1.06)
1.00 (0.97, 1.03)

1 (ref)

0.17 (0.11, 0.27)™
0.18 (0.09, 0.37)™

0.99 (0.98, 0.99)™

0.91 (0.88, 0.93)™
1.00 (0.94, 1.07)
1.00 (0.98, 1.03)

1 (ref)

0.14 (0.08, 0.25)™
0.15 (0.08, 0.26)™

0.98 (0.96, 0.99)"

0.89 (0.87, 0.92)™
0.99 (0.92, 1.07)
0.96 (0.93, 0.99)"

1 (ref)

0.14 (0.08, 0.25)™
0.39 (0.08, 1.84)

0.88 (0.78, 1.00)

Notes: GDP per capita and government expenditure have been adjusted for inflation, i.e. GDP per capita has been divided by the inflation rate. *p<0.05, **p<0.01, ***p<0.001.
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Table 6.4: (Cont.)

Model 0 (N=975,
11.2% missing)

Model 6 (N=956,
12.9% missing)

Model 7 (N=973,
11.4% missing)

Model 8 (N=931,
15.2% missing)

Model 9 (N=927,
15.6% missing)

Model 10 (N=765,
30.3% missing)

Doctor density (per 10,000 population)
(1950-1964)
(1965-1980)
(2000-2016)

Period
(1950-1964)
(1965-1980)
(2000-2016)

GDP per capita adjusted for inflation
(2,000 yuan)
(1950-1964)

(1965-1980)
(2000-2016)
Primary education enrolment ratio
Secondary education enrolment ratio
Per cent of urban population
PCA score for public health campaign
Birth rate (per 1,000 population)

Production of grain per capita (10,000

tons)
Hospital bed density (per 10,000

population)

Length of highways (km)
Government expenditure adjusted for
inflation (100 million yuan)

0.88 (0.86, 0.91)™
0.96 (0.89, 1.04)
0.96 (0.93, 0.99)"

1 (ref)
0.17 (0.09, 0.33)™
0.12 (0.07, 0.22)™

0.88 (0.85, 0.91)™
0.98 (0.92, 1.04)
0.97 (0.93, 0.99)"

1 (ref)

0.16 (0.09, 0.26)™
0.18 (0.09, 0.36)™

1.03 (1.01, 1.04)™

0.91 (0.90, 0.93)™
0.99 (0.94, 1.03)
0.94 (0.91, 0.97)™

1 (ref)

0.25 (0.17, 0.37)™
0.15 (0.10, 0.24)™

0.92 (0.57, 1.49)

0.90 (0.87, 0.93)™
0.98 (0.92, 1.04)
0.99 (0.96, 1.02)

1 (ref)

0.20 (0.11, 0.37)™
0.12 (0.07, 0.22)™

0.98 (0.96, 0.99)"

0.88 (0.86, 0.91)™
0.96 (0.89, 1.04)
0.96 (0.92, 1.00)

1 (ref)

0.18 (0.09, 0.33)™
0.12 (0.07, 0.21)™

1.00 (0.99, 1.00)

0.88 (0.86, 0.91)™
0.95 (0.88, 1.03)
0.95 (0.88, 1.03)

1 (ref)

0.20 (0.11, 0.38)™
0.17 (0.05, 0.52)"

0.99 (0.99, 0.99)"

Notes: GDP per capita and government expenditure have been adjusted for inflation, i.e. GDP per capita has been divided by the inflation rate. *p<0.05, **p<0.01, ***p<0.001.
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Table 6.5: Relative risks of the CMR1-4 from multivariable analysis

Model 11 (N=900,
18.0% missing)

Model 12 (N=886,
19.3% missing)

Model 13 (N=870,
20.8% missing)

Model 14 (N=893,
18.7% missing)

Model 15 (N=864,
21.3% missing)

Model 16 (N=826,
24.8% missing)

Doctor density (per 10,000 population)
(1950-1964)
(1965-1980)
(2000-2016)

Period
(1950-1964)
(1965-1980)
(2000-2016)

GDP per capita adjusted for inflation
(2,000 yuan)
(1950-1964)

(1965-1980)
(2000-2016)
Primary education enrolment ratio
Secondary education enrolment ratio
Per cent of urban population
PCA score for public health campaign
Birth rate (per 1,000 population)

Production of grain per capita (10,000
tons)

Hospital bed density (per 10,000
population)

Length of highways (km)
Government expenditure adjusted for
inflation (100 million yuan)

0.89 (0.87, 0.92)™
1.07 (1.00, 1.13)"
0.99 (0.94, 1.05)

1 (ref)
0.23 (0.16, 0.34)™
0.13 (0.06, 0.28)™

1.09 (0.24, 4.95)
0.01 (0.00, 0.01)™
0.92 (0.83, 1.02)
0.99 (0.99, 0.99)"

0.89 (0.86, 0.91)™
1.07 (1.00, 1.14)"
1.00 (0.95, 1.05)

1 (ref)
0.21 (0.14, 0.30)™
0.15 (0.07, 0.32)™

1.07 (0.23, 4.90)
0.01 (0.00, 0.04)™
0.97 (0.88, 1.08)

0.99 (0.98, 0.99)™

0.89 (0.87, 0.91)™
1.07 (1.01, 1.13)"
0.99 (0.95, 1.05)

1 (ref)
0.22 (0.15, 0.32)™
0.21 (0.10, 0.46)™

1.53 (0.33, 7.02)
0.01 (0.00, 0.08)™
0.98 (0.88, 1.09)
0.99 (0.99, 1.00)
0.99 (0.99, 0.99)™

0.90 (0.88, 0.92)™
1.10 (1.04, 1.16)"
1.00 (0.96, 1.05)

1 (ref)
0.22 (0.15, 0.32)™
0.26 (0.10, 0.69)"

18.28 (1.20, 278.43)"

0.01 (0.00, 0.10)™
1.02 (0.89, 1.16)
0.99 (0.99, 0.99)™

0.98 (0.96, 0.99)"

0.90 (0.88, 0.92)™
1.10 (1.04, 1.15)"
1.01 (0.96, 1.05)

1 (ref)
0.21 (0.15, 0.31)™
0.37 (0.14, 0.95)"

17.37 (1.36, 278.43)*

0.02 (0.00, 0.28)"
1.07 (0.94, 1.22)
0.99 (0.99, 0.99)"
0.99 (0.98, 0.99)™
0.98 (0.96, 0.99)°

0.90 (0.87, 0.92)™
1.07 (1.01, 1.13)"
0.99 (0.94, 1.05)

1 (ref)
0.20 (0.14, 0.31)™
0.31 (0.07, 1.30)

2.11 (0.38, 11.66)
0.01 (0.00, 0.13)™
0.99 (0.88, 1.11)
0.99 (0.99, 1.00)
0.99 (0.98, 0.99)™

0.97 (0.86, 1.09)

Notes: GDP per capita and government expenditure have been adjusted for inflation, i.e. GDP per capita has been divided by the inflation rate.

*p<0.05, **p<0.01, ***p<0.001.
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Table 6.5: (Cont.)

Model 17 (N=820,
25.3% missing)

Model 18 (N=820,
25.3% missing)

Model 19 (N=820,
25.3% missing)

Model 20 (N=778,
29.1% missing)

Model 21 (N=603,
45.1% missing)

Doctor density (per 10,000 population)
(1950-1964)
(1965-1980)
(2000-2016)

Period
(1950-1964)
(1965-1980)
(2000-2016)

GDP per capita adjusted for inflation
(2,000 yuan)
(1950-1964)

(1965-1980)
(2000-2016)
Primary education enrolment ratio
Secondary education enrolment ratio
Per cent of urban population
PCA score for public health campaign
Birth rate (per 1,000 population)

Production of grain per capita (10,000
tons)

Hospital bed density (per 10,000
population)

Length of highways (km)
Government expenditure adjusted for
inflation (100 million yuan)

0.88 (0.86, 0.91)™
1.06 (1.01, 1.12)°
0.99 (0.94, 1.05)

1 (ref)
0.17 (0.11, 0.27)™
0.31 (0.07, 1.35)

2.17 (0.36, 13.11)
0.02 (0.00, 0.20)™
0.98 (0.87, 1.10)
0.99 (0.99, 1.00)
0.99 (0.98, 0.99)™

0.96 (0.86, 1.08)
1.01 (0.99, 1.02)

0.88 (0.86, 0.91)™
1.06 (1.01, 1.12)"
0.99 (0.93, 1.05)

1 (ref)
0.17 (0.11, 0.27)™
0.32 (0.07, 1.44)

1.92 (0.34, 10.76)
0.02 (0.01, 0.19)™
0.99 (0.88, 1.10)
0.99 (0.99, 1.00)
0.99 (0.98, 0.99)™

0.96 (0.86, 1.08)
1.01 (0.99, 1.02)
1.16 (0.65, 2.08)

0.88 (0.85, 0.91)™
1.06 (1.00, 1.12)"
0.98 (0.93, 1.04)

1 (ref)
0.17 (0.11, 0.26)™
0.33 (0.07, 1.45)

1.70 (0.26, 11.16)
0.02 (0.00, 0.19)"
0.99 (0.88, 1.10)
0.99 (0.99, 1.00)
0.99 (0.98, 0.99)™

0.96 (0.86, 1.08)
1.01 (0.99, 1.02)
1.15 (0.63, 2.08)

1.00 (0.99, 1.02)

0.88 (0.86, 0.91)™
1.06 (1.00, 1.12)"
0.99 (0.94, 1.04)

1 (ref)
0.16 (0.10, 0.25)™
0.33 (0.07, 1.56)

1.94 (0.30, 12.45)
0.03 (0.00, 0.29)"
0.96 (0.86, 1.06)
0.99 (0.99, 1.00)
0.99 (0.98, 0.99)™

0.94 (0.84, 1.07)
1.01 (0.99, 1.02)
1.13 (0.64, 2.01)

1.00 (0.99, 1.01)

1.00 (1.00, 1.00)

0.89 (0.87, 0.92)™
1.06 (1.01, 1.11)"
0.95 (0.86, 1.04)

1 (ref)
0.22 (0.13, 0.34)™
0.67 (0.10, 4.40)

2.56 (0.46, 12.20)
0.06 (0.00, 0.75)"
1.01 (0.72, 1.43)
0.99 (0.99, 0.99)"
0.98 (0.98, 0.99)™

0.98 (0.89, 1.09)
0.99 (0.99, 1.01)
0.83 (0.28, 2.45)

1.00 (0.98, 1.02)

1.00 (0.99, 1.00)
0.99 (0.97, 1.01)

Notes: GDP per capita and government expenditure have been adjusted for inflation, i.e. GDP per capita has been divided by the inflation rate.

*p<0.05, **p<0.01, **p<0.001.
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6.4.4 The confounding effect from GDP per capita

Figure 6.5 shows the confounder triangles by period for the In(IMR) as the outcome.
According to panel a, the confounding effect from GDP per capita is close to zero for
the period 1950-1964 (af=-0.002, 95% CI: -0.009, 0.005). There is a negligible
difference between the unadjusted effect (t=-0.090, 95% CI: -0.110, -0.070) and the
adjusted effect (r'=-0.089, 95% CI: -0.108, -0.069). For the second period 1965-1980
(panel b), GDP per capita shows very large confounding effect (af=-0.068, 95% CI: -
0.099, -0.038), which is much bigger than the unadjusted effect (t=-0.013, 95% CI: -
0.059, 0.032). The statistical removal of the confounding effect from GDP per capita
changes the sign of the effect of doctor density on the In(IMR) (= 0.055, 95% CI:
0.018, 0.092; = -0.013, 95% CI: -0.059, 0.032). For the last period 2000-2016 (panel
c), the magnitude of the confounding effect from GDP per capita (ap= -0.089, 95% CI: -
0.117, -0.060) is bigger than that in the second period. The statistical association
between doctor density and the In(IMR) disappears after adjusting for GDP per capita
(=0.022, 95% CI: -0.009, 0.054).

Figure 6.6 shows the confounder triangles by period for the In(CMR1-4). The changes
in the association between doctor density and the In(CMR1-4) are very similar to those
observed for the In(IMR).
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15t Period: 1950-1964

Confounder:
GDP per capita

= 0.007 (0.004, 0.011) B =-0.224 (-1.183, 0.735)

T'=-0.089 (-0.108, -0.069)

Adjusted Effect =1

Unadjusted Effect = t = o + ¥ = -0.090 (-0.110, -0.070)

Confounding effect = af = -0.002 (-0.009, 0.005)
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2nd Period: 1965-1980

Confounder:
GDP per capita

a'=0.015 (0.009-0.021) B =-4.527 (- 5.566, -3.489)

Exposure: Qutcome:
Doctor density In(IMR)

T'=0.055 (0.018, 0.092)

Adjusted Effect=1v

Unadjusted Effect =t = a + T = -0.013 (-0.059, 0.032)

Confounding effect = af = -0.068 (-0.099, -0.038)

3rd Period: 2000-2016

Confounder:
GDP per capita

a=0.323 (0.247-0.399) B = -0.275 (-0.335, -0.215)

Doctor density In(IMR)

T'=0.022 (-0.009, 0.054)

Adjusted Effect =1

Unadjusted Effect = t = ap + T = -0.066 (-0.094, -0.038)

Confounding effect = af = -0.089 (-0.117, -0.060)
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Figure 6.5: The confounding effect from GDP per capita for the In(IMR) analysis

Note: The estimated coefficients are log risk ratios. The estimates in brackets are 95% confidence
intervals.
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1st Period: 1950-1964

Confounder:
GDP per capita

a=0.007 (0.004, 0.011) B =-0.712 (-2.247, 0.823)

Exposure: Qutcome:
Doctor density In(CMR1-4)

v=-0.121 (-0.148, -0.093)

Adjusted Effect =t
Unadjusted Effect =t = ap + v = -0.126 (-0.156, -0.095)

Confounding effect = af = -0.005 (-0.017, 0.006)

2nd Period: 1965-1980

Confounder:
GDP per capita

a=0.015 (0.009, 0.021) B =--6.831 (-8.602, -5.061)
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T'=0.065 (-0.006, 0.135)

Adjusted Effect =1
Unadjusted Effect =t = af + = -0.038 (-0.115, 0.039)

Confounding effect = af =-0.102 (-0.150, -0.055)

(b)

3rd Period: 2000-2016

Confounder:
GDP per capita

a = 0.328 (0.250 0.405) B = -0.113(-0.208, -0.019)

Exposure: Outcome:
Doctor density In(CMR1-4)

T'=-0.002 (-0.055, 0.050)

Adjusted Effect =1
Unadjusted Effect =t = ap + ¢ = -0.040 (-0.076, -0.003)

Confounding effect = af = -0.037 (-0.069, -0.005)

Figure 6.6: The confounding effect from GDP per capita for the In(CMR1-4) analysis

Note: The estimated coefficients are log risk ratios. The estimates in brackets are 95% confidence
intervals.
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6.4.5 Sensitivity analysis

The negative association between doctor density and the IMR/CMR1-4 persisted for
the period 1950-1964 in the sensitivity analyses after adjusting for the same set of
covariates as shown in Model 20 but replacing the education variables by the 9-year
lagged gross enrolment ratio of primary education and the 3-year lagged gross
enrolment ratio of secondary education and higher education. The positive association
between doctor density and the IMR/CMR1-4 for the period 1965-1980 also persisted
(Table 6.6). The sensitivity analysis suggested that the lagged effect of education did
not have a large effect on my final estimates of the strength of association between
doctor density and the mortality outcomes. It should be noted that the replacement of
the education variables with the lagged variables meant that either the first 9 or 3 years

were missing for the lagged education variables.

Table 6.6: Sensitivity analysis results using lagged education variables

IMR (N=641, 41.6% CMR1-4 (N=638,
missing) 41.9% missing)

Doctor density (per 10,000 population)

(1950-1964) 0.90 (0.86, 0.94)™ 0.90 (0.82, 0.98)"

(1965-1980) 1.06 (1.02, 1.09)" 1.07 (1.01, 1.12)

(2000-2016) 1.01 (0.98, 1.03) 0.98 (0.94, 1.03)
Period

(1950-1964) 1 (ref) 1 (ref)

(1965-1980) 0.22 (0.13, 0.37)™ 0.18 (0.08, 0.38)™

(2000-2016) 0.12 (0.05, 0.32)™ 0.73(0.08, 6.67)
GDP per capita adjusted for inflation (1,000 yuan)
(1,000 yuan)

(1950-1964) 0.97 (0.26, 3.62) 2.41 (0.43, 13.64)

(1965-1980) 0.05 (0.01, 0.33)" 0.09 (0.01, 1.19)™

(2000-2016) 0.81 (0.76, 0.87)™ 0.94 (0.86, 1.02)
Primary education enrolment ratio (9-year lagged) 0.99 (0.99, 1.00)™ 0.99 (0.98, 0.99)"
Secondary education enrolment ratio (3-year lagged)  0.99 (0.98, 0.99)" 0.99 (0.98, 0.99)"
PCA score for public health campaign 1.03 (0.95, 1.12) 0.95(0.82, 1.11)
Birth rate (per 1,000 population) 1.00 (0.99, 1.01) 1.01 (1.00, 1.02)
Production of grain per capita (10,000 tons) 0.95 (0.63, 1.45) 0.89 (0.58, 1.37)
Hospital bed density (per 10,000 population) 1.01 (0.99, 1.03) 1.01 (0.99, 1.03)
Length of highways (km) 0.99 (0.99, 1.00) 1.00 (1.00, 1.00)

Notes: GDP per capita and government expenditure have been adjusted for inflation. *p<0.05, **p<0.01,
**n<0.001.

6.5 Discussion

To my knowledge, this chapter provides the most comprehensive analysis to date of
evidence from China describing the association between doctor density and child
mortality over time. Disaggregation by period indicated that the protective effect of

doctor density was statistically significant for both the IMR and the CMR1-4 during
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1950-1964, but not thereafter. There is good evidence that one unit increase in doctor
density is associated with a 9% decline in the IMR and a 12% decline in the CMR1-4
during 1950-1964, after adjusting for the interaction between GDP per capita and
period, gross enrolment ratio of primary education, gross enrolment ratio of secondary
education and higher education, the PCA score for public health campaign, the crude
birth rate, the production of grain per capita, the hospital bed density and the length of
highways. But during 1965-1980 increases in doctor density appear to be associated

with an increased risk of death. The association disappears in 2000-2016.

By assuming GDP per capita as the single confounder, | was able to compute the
confounding effect of GDP per capita and elucidate the confounding effect by period of
time. In 1950-1964, GDP per capita did not confound the association between doctor
density and the IMR/CMR1-4. In the other two periods 1965-1980 and 2000-2016,
GDP per capita confounded the association between doctor density and the
IMR/CMR1-4. Through such analysis, | validated my model finding that the negative
association between doctor density and the IMR/CMR1-4 in 1950-1964 was
independent of GDP per capita. Previous studies examining child mortality trends for
specific countries have found that increases in economic resources contribute
significantly to infant and child mortality decline, but that the effects are often

dependent on the time period[102, 270], supporting my findings.

The importance of doctor density to child mortality reductions in the first period (1950-
1964) is perhaps not surprising. Although the specific interventions against child
mortality vary, increases in the availability of health workers are essential. Other things
being unchanged, as doctor density improves, the coverage of MCH services will
increase, potentially leading to child mortality reductions [271]. There is a large body of
literature showing an association between primary care (indicated by supply of
generalists or primary care physicians) and all-cause mortality, infant mortality and
lower birth weight [223, 266, 272]. In the first period, a significant number of doctors in
China were generalists focusing on primary health care[210], which may partly explain
why the increase in doctor density was associated with lower child mortality. Along with
the generalist-led primary health system, the public health campaigns in the 1950s
against parasitic and infectious diseases and the free access to public health services,
could have been the proximate determinants for the success in child mortality
reductions in the first period[260]. But availability of doctors is a more or less exclusive
answer to guarantee effective and accessible health services when other conditions

are fulfilled.
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In the first period, a striking finding is that infant and child mortality reductions were
independent of economic development over the period 1950-1964, which corroborate
the long-observed fact that initial achievements in child health in China preceded the
intensified economic growth after 1978[273]. It would be presumptuous to claim that
the most rapid decline in child mortality in China was more health systems than socially
determined. The results are nevertheless showing evidence that doctor density
increase contributed to infant and child mortality reductions over the period 1950-1964
when poverty and limited education were formidable obstacles to huge mortality
decline. The child mortality decline in some western societies, for example the US and
Canada, started in the early decades of the 1900s, which was gradual and occurred in
response to socio-economic and environmental improvements, better nutrition and
personal hygiene after the industrial revolution[244]. Given that socio-economic
determinants and the PCA score for public health campaign (capturing environmental
improvements, nutrition and hygiene) have been included in my multivariable models,
there is little reason to doubt the presence of a negative association between doctor
density and child mortality.

The positive association between doctor density and the IMR/CMR1-4 over the period
1965-1980 is complex and difficult to understand. The prolonged Cultural Revolution
resulted in de-emphasized professionalization in the health workforce throughout the
country [31]. The fact that many doctors were redesignated as barefoot doctors by
health authorities throughout the country may have brought unreal decline in doctor
density, potentially leading to biased estimates. Furthermore, reverse causality may
pose significant threats to the validity of the findings, for example, doctor density could
have an effect on the child mortality, but child mortality itself could also have influenced
the government’s decision to dispatch more or fewer doctors to a particular province.
Using the same data in 1950-1980 and by examining whether changes in the
IMR/U5MR affected doctor density, Babiarz and colleagues found evidence showing
that increases in doctor density in some provinces were preceded by high infant or
under-5 mortality rates, which was aligned with Chairman Mao’s policy (initiated in
1965) emphasis on addressing perceived development imbalance between provinces
and posting more doctors in disadvantaged areas [15]. Therefore, the existence of

reverse causality threatens causal inference for the period 1965-1980.

| found no association between doctor density and the IMR/CMR1-4 over the period
2000-2016. This is consistent with findings from elsewhere. Based on the latest Global
Health Workforce Statistics published by the WHO in 2018, an updated cross-country
investigation of the associations between the density of health workers (the density of

doctors and the density of nurses and midwives) and multiple child mortality indicators
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including the NMR, the IMR and the USMR found evidence of non-linearities in the
association between density of health workers and child mortality [274]. A potential
explanation for the nonlinearity of the relationship between doctor density and child
mortality in China was that an increase in doctor density during 1950-1964 through
increasing the number of generalists may be able to address more conditions that put
infants and children at higher risk of death compared with an increase in doctor density
through increasing the number of specialists during 2000-2016. The finding from the
last period also indicates that improving doctor density alone is far from enough to

achieve further reductions in child mortality in China.

My analysis underscores the importance of education, which is consistent with other
empirical studies[15, 193]. As | reported in the scoping review (Chapter 4), Barbiaz and
colleagues found that 55-70 per cent of the declines in the IMR and the USMR in China
during the 1960s and 1970s can be explained by gains in education enrolment and
public health campaigns [15]. Banister and Zhang found doctor density and the
illiteracy rate among adults were the most important determinants of child mortality
across provinces during 1981-1995, after adjusting for GDP per capita, rural-urban
inequality, share of education and healthcare expenditure, region and year[193]. In my
analysis, the education enrolment remains statistically significant throughout the
studied period in the multivariable models and in the sensitivity analyses, which is
independent of doctor density, GDP per capita and all the other covariates. The
association between education enrolment and child survival indicates a moderately
consistent relationship between education and child survival across time and provinces.
Even a small reduction of infant/child mortality linked to an additional enrolment ratio of
primary or secondary education in relative terms might, in fact, contribute to a
substantial number of infants and children saved in absolute terms. The reduction in
the RRs of the IMR/CMR1-4 brough by each enrolment ratio observed in this study
provides strong evidence to further support universal quality education, as a goal of the
SDGs, to further reduce child mortality[275].

The results of this study may be relevant to many LMICs, particularly those who are
looking for innovative ways to do more with limited resources. According to the UN[276],
the 5-year averaged IMR in 2015-2020 was more than 70 deaths per 1,000 live births

in some of the least developed countries in Africa (Somalia, Central Africa Republic,
Chad, Sierra Leone, Mali, Equatorial Guinea and the Democratic Republic of the
Congo). The 5-year USMR for these countries over the same period was more than

100 deaths per 1,000 live births. The child mortality burden for these countries is
equivalent to that of China in 1960-1965. During the MDG era, several African

countries started addressing the health workforce shortages through increasing the
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number of lower-level cadres of health workers to deliver essential MCH services [277].
The practice has sometimes been challenged by professional bodies worrying that
sharing tasks may erode health services and remains controversial as an answer to the
shortage of health workforce supply[184]. The shortage of health workers in those
countries has often dragged on with policy gaps failing to authorise lower-level cadres
of health workers to deliver essential MCH services, such as postnatal care visits and

treatment of pneumonia[33].

At the same time, the regions and countries with the highest child mortality burden are
facing severe shortages in health workers. In 2019, the global density of doctors was
16.7 per 10,000 population while doctor density in China was 27.2 per 10,000
population[57]. In absolute terms, largest gaps were observed in sub-Saharan Africa
(short by 1.9 million doctors) and south Asia (short by 2.6 million doctors), accounting
for more than half of the worldwide shortages in doctors. Doctor density was 2.9 per
10,000 population in sub-Saharan Africa and 6.5 per 10,000 population in South Asia in
2019, equivalent to that of China in 1950-1955[57]. Doctors in developed countries
receive more or less the same standards of medical training, and their health workforce
strategies are unlikely to be feasible in the least developed countries [278]. China is a
unique example of an early investment in the health workforce through the use of less
qualified health workers and is well positioned to share the lessons to those countries.
Given the challenges in sub-Saharan Africa and South Asia, as a result of poverty,
poor education, very low economic growth, natural and political crisis, consideration of
increasing the availability of health workers through using lower-level cadres of health

workers is relevant and timely.

This study has the following strengths. First, the multivariable models include socio-
economic, environmental and health system covariates with known associations to
child mortality and exploit the associations between doctor density and the IMR/CMR1-
4 across time periods. The separation of historical periods and the interpretation of
analysis results by period helps mitigate the limitations associated with measurement
changes in the estimations of both doctor density and the outcomes. Second, the
specification and the models are capable of producing reasonable results. When
adding region as a covariate, the model results have negligible differences in the
adjusted RRs of doctor density. The results of sensitivity analysis using the lagged
education variables are reassuring that the models are robust. Third, many health
system reforms and institutional changes take a long time to have their full effect on
population health. Thus, the long-term horizon of this study is a strength to give credit

to doctor density increase for past success in reducing child mortality.
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My understanding of the contribution of health workforce density to infant/child mortality
decline has relied mostly on evidence from historical records. The study has the
following limitations. First, the inclusion of covariates is strongly influenced by data
availability. There could be residual confounding or unmeasured confounders that may
affect the results. For example, different to average GDP per capita, income
inequalities matter greatly with respect to health outcomes[72]. Income inequalities
may confound the association between health workforce density and child mortality.
However, no information regarding income inequality was readily available to assess its
confounding effects. Second, data are missing for almost all the variables. Adding
covariates and modelling lagged education variables with large missing data did not
alter the finding, | do not think that missing data introduced bias. Third, any contribution
of the health workforce to child mortality may be at least partly through other
mechanisms such as the improved medical training leading to better quality of health
workers. However, this alternative explanation of the link between the health workforce
and child mortality cannot be resolved in this study because no such data are available.
Fourth, excluding barefoot doctors and village doctors from official counts results in a
substantial underestimation of the size of the health workforce and its potential to
reduce child mortality. Fifth, studying the association between doctor density and child
mortality at county level rather than at provincial level may have provided better
evidence [72]. Anand et al showed that most of this inequality in the distribution of
doctors and nurses in China was accounted for by within-province inequalities(82% or
more) rather than by between-province inequalities[72]. Ideally data at county level
would provide better information. Last, | assessed the ecologic association between
doctor density and child mortality among 27 provinces. Causal inference is
troublesome in the second period 1965-1980 when child mortality can influence doctor
density in provinces (through the impact of posting doctors to provinces with high child

mortality rates).

6.6 Conclusion

Using a province-level longitudinal data analysis, | found a strong negative association
between doctor density and the IMR/CMR1-4 over the period 1950-1964. China’s
experience shows that initiatives to increase the density of doctors contributed to the
reductions of infant and child mortality when GDP per capita was very low, but child
mortality discontinued decreasing at some point with solely the increase in doctor
density. The disappeared association in the last period between doctor density and the
IMR/CMR1-4 deserves serious considerations. Improving doctor density alone is
unlikely to achieve further progress in reducing child mortality in China. There are still

many similarities between China during the period 1950-1964 and contemporary least

194



development countries in terms of access to MCH services. Many parts of less
developed countries may also benefit from increasing doctor density and upgrading

their skills gradually.
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Chapter 7. Discussion

7.1 Overview of thesis

The overall aim of the thesis was to examine the progress in child mortality declines in
China and to understand how the health workforce contributes to that progress. My
thesis consists of four main themes. First, the systematic review provided insights into
the education, certification and density of MCH workers in China in 1949-2020.
Second, a scoping review assessed China’s progress in reducing infant and under-5
mortality and the determinants that underpinned the achievement in 1949-2019. Third,
the provincial data analysis presented the speed of decline in infant and child mortality
and the trends of the health systems and socio-demographic status in 1950-2017.
Fourth, the investigation of the association between doctor density and child mortality
by period of time (1950-1964, 1965-1980, 2000-2016) in China provided opportunities
for shared lessons about if and how an increased density of doctors may contribute to
mortality decline.

7.2 Summary of main findings

7.2.1 MCH workforce profile and density in China in 1949-2020

| undertook a systematic review of the literature reporting on the profile (education
level, health-related discipline, certification) and density of MCH workers in China
published between 1 October 1949 and 20 July 2020. | included a total of 50 studies:
35 reporting on MCH workforce profiles, 18 reporting on the MCH workforce density

and three covering both. Most of the included studies (94%) were done after 1990.

| found that professional labels such as “obstetricians” or “obstetric nurses” represent a
wide range of educational backgrounds in China. Meta analysis of 35 studies found
that only two thirds of obstetricians and paediatricians (67%, 95% CI: 59.6%-74.3%)
had a bachelor or higher degree. This proportion was lower in primary level facilities
(28% (95% CI: 1.5%-53.9%)). For nurses involved in MCH care the proportions with a
bachelor or higher degree were lower (20.0% (95% CI: 12.0%-30.0%) in any health
facility and 1% (95% CI: 0.0%-5.0%) in primary care facilities).

Unlike previous studies which examine the density of doctors per population - without
specifying any discipline - | specifically report the MCH workforce density by cadre and
by total population and births. The average density of MCH doctors and nurses was
11.9 (95% CI: 7.5-16.2) and 11.4 (95% CI: 7.6-15.2) per 100,000 population
respectively in 2010-2017. The average density of obstetricians was 9.0 (95% CI: 7.9-
10.2) per 1,000 births and that of obstetric nurses 16.0 (95% CI. 14.8-17.2) per 1,000
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births in 2007-2014. These estimates were equivalent to 32 doctors and 57 obstetric
nurses per 3600 births per year, much higher than what has been recommended
internationally in 2005 (3 part-time doctors with obstetric skills or 20 midwives per
3,600 births per year)[122], suggesting that there may be a substantial excess of
maternal health workers in China. The ratio of obstetric nurses to obstetricians (1.4:1 to
1.7:1) and the ratios of paediatric nurses to paediatricians (1.1:1 to 1.7:1) were lower

than the 2:1 nurse-to-doctor ratio recommended by the WHO[28].

China achieved a high density of MCH workers through a mix of workers with high and
low educational profiles. Many workers labelled as “obstetricians” or “paediatrician”
have lower qualifications than what is internationally recognised, but China
compensates for these low educational levels through task-shifting, in-service training

and supervision.

7.2.2 Levels, trends and determinants of child mortality in China in 1949-
2019

My scoping review of published and unpublished data documented a wealth of data
sources reporting on the levels of child mortality in China, including household
registration, censuses and micro-censuses, retrospective surveys, national surveillance
and report systems, and international reports of infant and under-5 mortality. There are
well-known concerns about the quality of household registration data in China due to
massive migration without registration updates and under-registration of illegal births
and child deaths. Censuses and retrospective surveys, notably the National Survey of
Fertility, were the main sources on rates of child mortality before 1990 and are affected
by known biases and errors[96]. There has been reasonable progress in data
availability after 1990[199, 212]. Comprehensive surveillance (the MCHSS) and death
report systems (the Annual Report System) are able to generate timely and reliable
estimates of infant and under-5 mortality routinely. These systems have become the
main sources for estimating the rates of infant and child mortality in recent years. The
reliability of data from the MCHSS and the Annual Report System was much improved
in the later 1990s when rigorous quality control measures were introduced[22, 109].
International monitoring of infant and child mortality based on modelling are also
important sources of data, but knowledge about their quality is scarce because of the

lack of transparency in data inclusion and adjustment.

The IMR and the USMR declined substantially between 1949 and 2019, except during

the Great Leap Forward famine (1959-1961) when mortality increased. Unlike most

western countries, where child mortality declined steadily from the late nineteenth

century into the 1950s[243], China still had extremely high levels of infant and child
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mortality in 1950. The IMR at the national level declined from 200 deaths per 1,000 live
births in 1950 to 5.6 deaths per 1,000 live births in 2019. The USMR at the national
level declined from 308.5 deaths per 1,000 live births in 1950 to 7.8 deaths per 1,000
live births in 2019. In 1965-1969, China reached the global mean of the USMR, around
140 per 1,000 live births and continued to be lower than the global mean thereafter[12].
Few studies have compared the speed of decline for the IMR and the CMR1-4 by

province throughout the study period.

The cause-of-death composition of under-five deaths changed massively over the
study period. Existing evidence showed that communicable diseases, such as tetanus,
pneumonia, tuberculosis, and diarrhoea were the major threat to children’s health
before 1990. Premature birth and congenital anomalies became increasingly important
issues after 1990. The epidemiological transition in causes of deaths suggests that the
determinants of infant and child mortality between 1949 and 2019 may have changed

over time.

Geographic variation in infant and under-5 mortality has been well documented
between regions, provinces, counties, and between urban and rural areas over the
studied period, which is closely related to socioeconomic circumstances. Multiple
determinants have been shown important in explaining geographic variation, including
GDP per capita, increased educational length, health worker density, hospital bed
density, public health interventions, decreased fertility rates, rural or urban residence,
and availability of public services (including transportation and tele-communication) [15,
72].

As the prerequisite for healthcare, the density of health workers has been examined for
its effect on infant or under-5 mortality. Other investments in health systems, such as
hospital bed density, have not been examined as primary exposures in the statistical
analyses[15, 72, 221, 222]. Evidence on the effect of health worker density on infant or
child mortality in China has not been fully conclusive. Ecological studies have shown
that populations with a higher density of doctors have lower infant and under-5
mortality[72, 221, 222]. However, using province-level data in 1950-1980, Babiarz et al
found no evidence of the effect of health worker density on rates of infant or child
mortality, and postulated the hypothesis that there were feed-back loop between doctor
density and child mortality [15]. Many questions remain regarding the strength of
association, especially when the confounding effects of other determinants of child

mortality are taken into account in each period.
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7.2.3 Child mortality by province in 1950-2017: levels, trends and speed of

decline

| updated a longitudinal dataset on China’s infant and child mortality across 27
provinces in Chinses mainland (excluding municipalities and special regions) between
1950 and 1980 to 2017, along with socio-economic and health systems determinants. |
updated all the socio-economic and health systems variables from the same data
sources as those used by Babiarz and colleagues[15], ensuring the updated dataset
was directly comparable to the previous dataset. | also added 17 variables (3 health
system input variables and 14 socio-demographic variables) into the dataset. One
important limitation to the data is the large amount of missing data for the IMR and the
CMR1-4 in 1981-1999 and for the USMR in 1981-1989, restricting my ability to examine
the decline in infant and child mortality for the 1980s and the 1990s.

Better-off regions and provinces have comparatively lower infant and child mortality
burden than their counterparts over the period studied (1950-2017). In 1950, all
provinces had very high IMRs, ranging from 120.0 deaths per 1,000 livebirths in Fujian
to 368.4 deaths per 1,000 live births in Guangxi. By 2016, all the provinces had IMRs
below 20 deaths per 1,000 live births, ranging from 2.0 in Guangzhou to 19.4 deaths
per 1,000 live births in Xinjiang. In 1950, the CMR1-4 ranged from 19.2 in Jilin to 269.2
deaths children surviving to age one in Yunnan. By 2016, all the provinces had the
CMR1-4 below 20 deaths per 1,000 children surviving to age one, ranging from 2.4
deaths in Liaoning to 16.5 deaths per 1,000 children surviving to age one in Gansu. In
2017, several provinces in east China (Liaoning, Jiangsu, Zhejiang, Fujian,
Guangdong) had the lowest USMR (7.0 deaths per 1,000 live births), which was
equivalent to the estimates in north America (6.3) but higher than the estimates in
Western Europe (3.8) in 2019[258]. In contrast, Tibet had the highest USMR (36.0) in
2017, equivalent to the level of under-5 mortality in South Asia (40.2) in 2019[258]. As
long as there are regional and provincial variation in child survival, the potential for

further improvement in China’s child mortality rates exists.

There is a generally increasing ratio of infant mortality to 1-4 mortality between 1950
and 1980 and a decreasing trend from 2000 afterwards. The public health programs
and interventions China adopted in 2000, for example the Eliminating Neonatal

Tetanus Program, could have explained the greater-than-expected progress in infant

mortality reductions after 2000.

The analysis of speed of mortality decline using Fractional Polynomials revealed that

the declines in the IMR and the CMR1-4 were greatest in 1950-1955 across all the

provinces and slowed down thereafter. Between 1950 and 1951 the predicted yearly
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absolute change across all provinces was -26.7 (95% CI: -29.8, -23.5) deaths per
1,000 live births for the IMR, and -8.4 (95% CI: -9.9, -6.9) deaths per 1,000 children
surviving to age one for the CMR1-4. From 1985 onwards all yearly absolute changes
were below 2 deaths per 1000 live births (or per 1,000 children surviving to age one).
There were marked differences in the speed of decline between provinces and socio-
economic regions. The SDI-low category and provinces with the highest burden of

mortality made the greatest absolute progress.

Descriptive analysis of the longitudinal data showed that the density of health
institutions increased quite a lot in the initial years under Chairman Mao (1950-1964),
with little increase thereafter (relative to population increases) except after 2010. The
rapid expansion of doctor density—three-fold increase between 1950 (3.1 doctors per
10,000 population) and 1964 (10.3 doctors per 10,000 population)—occurred through
the expansion of secondary technical schools (3 years of study or less). The rapid
expansion of health institution density and doctor density, which kept up with a growing
population size, means that medical care can be expanded rapidly following a national
ideology of universal health coverage and government imperatives[72, 210]. In 2017,
the mean of doctor density across provinces reached 23.9 per 10,000 population,
which is quantitatively comparable to high-income countries (US’s 26 per 10,000
population in 2018). In LMICs today, in contrast, the density of doctors is only 2.9 per
10,000 population in sub-Saharan Africa and 6.5 per 10,000 population in South Asia,
equivalent to that of China in 1950-1955[57].

Descriptive analysis of the longitudinal data also showed that the largest reductions in
infant and child mortality happened when China was extremely poor before economic
reforms were introduced in 1978. In the absence of major economic changes, rapid
expansion in the health workforce, public health campaigns and expansion of
education enrolment made rapid decline in infant and child mortality possible. By
contrast, the transportation (e.g. length of highways and possession of civil vehicles)
and communications infrastructure (e.g. ownership of telephone and television
coverage rate) developed more rapidly after the economic reforms in 1978, providing
further support for separate analysis of the determinants of infant/child mortality

declines by periods of time.

7.2.4 The contribution of doctor density to child mortality in 1950-2016
By dividing the longitudinal data into discrete groups (1950-1964, 1965-1980, 2000-

2016), | have gained insights into the contribution of doctor density to child mortality
reductions. The effects vary by period, both in magnitude and direction. There appears

to be a beneficial effect of increasing doctor density on child mortality between 1950
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and 1964, a harmful effect between 1965 and 1980, and no effect between 2000 and
2016. The definitions of doctors may have changed over time, and caution is required
in the interpretation of the strength of association between doctor density and child

mortality.

The protective effect of doctor density was statistically significant for both the IMR
(adjusted RR=0.91, 95% CI: 0.89-0.93, p<0.001) and the CMR1-4 (adjusted RR=0.88,
95% CI: 0.86-0.91, p<0.001) during 1950-1964, after adjusting for the interaction
between GDP per capita and period, gross enrolment ratio of primary education, gross
enrolment ratio of secondary education and higher education, the PCA score for public
health campaign, the crude birth rate, the production of grain per capita, the hospital
bed density and the length of highways. This finding suggests that the substantial
increase in doctor density between 1950 and 1964, when the population was extremely
poor and educational levels were low, may have contributed to infant and child

mortality reductions.

The positive association between doctor density and the IMR (adjusted RR=1.06, 95%
Cl: 1.03-1.09, p<0.001) and the CMR1-4 (adjusted RR=1.06, 95% CI: 1.00-1.12,
p=0.048) over the period 1965-1980 is surprising. This effect seems to be related to the
large confounding effect of GDP per capita in this period, since the statistical removal
of the confounding effect from GDP per capita changes the sign of the effect of doctor
density on the IMR/CMR1-4. The positive association between doctor density and the
IMR/CMR1-4 in 1965-1980 may also be due to reverse causality, i.e. the number of
doctors was increased more in high mortality provinces, as suggested by Babiaz and
colleagues[15]. The presence of reverse causality was consistent with Chairman Mao’s
policy emphasis on mobilising health resources to address the perceived imbalance

between advantaged and disadvantaged areas in 1965-1980[67].

The public health impact of increasing doctor density on infant and child mortality is
likely to be small in China in the future because doctor density is similar as in the UK
and the US and because there is evidence that the association between doctor density
and child mortality decline disappears after 2000 (adjusted RR=1.01, 95% CI. 0.99-
1.04, p=0.32 for the IMR analysis; adjusted RR=0.99, 95% CI. 0.94-1.04, p=0.80 for
the CMR1-4 analysis). A potential explanation for the disappeared association is that
an increase in doctor density during 2000-2016 through increasing the number of
specialists may not help in addressing the conditions that put infants and children at
higher risk of death. Possibly there is no more gain above a certain threshold in doctor

density.
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7.3 Recommendations

7.3.1 Public health recommendations

There are various lessons to be drawn from this research. Some apply to other LMICs

whilst others apply to China itself.

Reducing child mortality is still a tough challenge for many LMICs, most evidently in
sub-Saharan African countries where the number of health workers continues to fall
short of international standards[57]. The shortages of health workers in LMICs are
generally worse in rural areas and in disadvantaged populations[279]. China has
addressed its human resource challenges for MCH through a form of task-shifting —i.e.
workers with lower levels of education can become qualified MCH workers (including
doctors) by being assigned specific tasks (e.g. immunisation or antenatal care) and
through an elaborate system of certification and supervision. Many LMICs may learn
from this. A practical option is to train community health workers like China’s barefoot
doctors or nurse practitioners with shorter medical training. But there are precautions
when sharing China’s health workforce strategy to other LMICs. China is unique in its
strong government, which is the main reason for the rapid production of doctors in a
short space of time. China’s doctor density in rural area also expanded rapidly before
economic liberalization, owing to its political stability and the government’s emphasis
on universal access to health[210]. The uniqueness might affect the acceptability and
transferability of its lessons in other countries. Implementation of similar workforce

strategies need to be piloted and evaluated before implementing nationwide.

A substantial reduction in overall mortality must involve a decline in mortality from the
causes. Due to the changed epidemiology of child mortality, comprehensive
interventions focusing on specific causes of deaths should be promoted in China and in
other similar settings, including improving care for preterm infants and those with
congenital malformations, and raising safety awareness of child injuries. In responding
to the new set of child mortality burden, particularly to manage the preterm birth
complications and intrapartum-related events, increasing the accessibility and
utilization of key interventions (such as skilled care for child birth, neonatal
resuscitation, initiation of kangaroo mother care for low birth weight infants) is
important. Specific attention to the health workforce for newborns is more recent and
relatively neglected[45, 279]. Evidence from multiple countries reveals that neonatal
care content is often lacking in training of relevant cadres of health workers[280]. The

means of fast-track training in neonatal care has not been addressed in the literature.
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In China, obstetricians, paediatricians and other MCH worker cadres are much less
educated at the primary level than at the tertiary level. The capacity of MCH workers in
primary health facilities should be fostered, which can be realized through
implementing upgrading training programmes and more timely and routine supervision
from higher-level institutions. The lower capacity of MCH workers in primary health
facilities is also seen in other LMICs. Certification of MCH workers is an important
strategy to ensure that particular tasks in primary health facilities are only performed by

those skilled and equipped to do so.

Despite massive progress, there are still regional inequalities in infant and child survival
in China. Barriers to health-care access have been well documented in the literature.
The main challenge for China’s MCH services is to maintain the gains already made for
the majority and prioritize resources to the population living in underserved areas. The
focus now is more needed on implementation and evaluation of targeted interventions

that may benefit the underserved population residing in rural and remote areas.

7.3.2 Research recommendations

Research on the contribution of health workforce to child mortality can be strengthened

in the following aspects.

Researchers and policy-makers in China should explicitly define health workers by
cadre who work in MCH area. Base on the published data from the Ministry of Health,
the cadres counted in the numerator of doctor density in this thesis do not necessarily
refer to those specialized in MCH care. Moreover, it is clear that even within a single
cadre, problems of comparability exist due to changing medical education. In the future,
a clear standard definition should be adopted, counting MCH workers with different
training and certification into different cadres. Such definition can also bolster further
studies regarding the relative contribution of different cadres of MCH workers to the

reduction of child mortality and reduce measurement errors.

Global work is needed to assess the MCH workforce density in relation to the number
of births or the number of children in certain age groups, which could yield more
precise health workforce targets by taking into account the size of the targeted
population. Information on the obstetrician density in relation to annual live births could
help societies prepare to care for pregnancies and births. Understanding the densities
of paediatricians, neonatologists and other paediatric professionals could facilitate
efforts to address the pressing issues in child health, e.g. pre-term births and
congenital malformation. Examining the MCH workforce density per births makes

sense for China given its low birth weight, but the comparison between China’s density
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of maternal health workers (32 doctors or 57 obstetric nurses per 3,600 births per year)
and the international benchmarks (3 doctors or 20 midwives per 3,600 births per year)
is puzzled. The international benchmark could have been much too low, which need
further exploration. It is also plausible that the studies included my systematic review in
estimating the MCH workforce density is not representative enough of the entire
country, which requires more studies to precisely count the number of MCH workers in
relation to the number of live births at national level. In addition, previous work has
highlighted how health workers (including MCH workers) tend to concentrate in urban
areas and in tertiary-level facilities, leaving shortfalls in rural areas and in primary-level
facilities. More granular research is needed to look at subnational disparities in the

MCH workforce density.

For the purpose of consistent analysis, it is useful to divide the health workforce into
three cadres: doctors, nurses (including midwives) and other health workers (e.g.
community health workers). However, subnational data on the densities of nurses and
community health workers were not available for the whole studied period, yielding an
incomplete picture of the effects of health workforce on child mortality. The training of
nurses has long been neglected in China, and there are many reasons to expect that
the effects of nurse density on child mortality is different to that observed in doctor
density. Ideally separate analyses are required for each cadre of MCH workers.
Understanding the contributions of each cadre, such as obstetricians and
paediatricians, is an important avenue for future research. Moreover, further research
is needed in China and in settings outside of China to characterize the optimal ratios of
different cadres of MCH workers, including doctors, nurses/midwives and community

health workers, in the attainment of lower infant and child mortality.

It is plausible that provinces with fewer doctors had more robust community health
worker programs, i.e. barefoot doctor programs, to conduct public health campaigns
that reach a large number of infants and children. The WHO also endorsed relying on
community health workers with lower-level training where there are shortages of
higher-level health workers[281]. Community health workers are frequently an
important part of the health system in LMICs and may play an important role in
lowering child mortality where doctors are not enough. Given the small number of
studies on barefoot doctors included in the systematic review and the obviation of
barefoot doctors from the numerator of doctor density, it would be interesting to further

investigate the impact of having barefoot doctors on infant and child survival in China.

Newborns and children under five are the most vulnerable population in the world that

they have specific needs and are sensitive to the quality of care. The WHO did an
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online survey in 2011 to identify priorities for perinatal care based on responses from
the regional and country offices in 2012 and suggested that improvement in quality of
care was the most important domain to reduce all-cause perinatal mortality[282]. |
relied on the education level of MCH workers as a proxy for their competency in China.
However, how the MCH workers with lower-level training will translate into quality of
care has not been explored in the thesis. Internationally, proven strategies to improve
quality of care include continued education, regular monitoring and supportive
supervision[33]. China has launched the standardised residency training system as a
national strategy in 2013 to promote quality of care[65], which need to be monitored

and evaluated systematically and repeatedly.

The methodology adopted in examining the association between doctor density and
child mortality can be enhanced in multiple ways. First, the results over the period
1965-1980 offered some empirical support to the theories postulated to describe the
feed-back loop between doctor density and child mortality. Further longitudinal study is
needed to capture event-timings precisely and test the reverse causality that doctor
density and child mortality may affect each other over time. Second, a potential
strategy for reducing ecologic fallacy is to use smaller units in ecologic studies.
Studying the association between doctor density and child mortality at county level
rather than at provincial level may have provided better evidence. But such
investigation is only possible for the time period after 1990 when child mortality data at
county level from the surveillance system and the health workforce data at county level
from the Ministry of Health can be accessed and linked. Third, conceptually a model
with interactions between each potential covariate and the “period” is appealing but is
not supported by the data due to multicollinearity. In many circumstances the different
determinants of child mortality are likely to be of different importance by period of time
and therefore analytical efforts dealing with the interaction between other determinant
(e.g. education) and time periods are needed in the future. Last, the assessment of the
effect by period of time is based on the assumption that the association between health
worker density and child mortality is non-linear. But it is not known whether a threshold
in doctor density exists and whether the threshold is constant across populations with
varying levels of socio-economic development. Thus it may be relevant to test the
nonlinearity of the association between health worker density and child mortality in

different populations.

7.3.3 Data quality recommendations

Existing data on the health workforce in China has its limitations and was not designed

with the intention of tracking human resources by functional categories, such as MCH.
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Available data for specific cadres of MCH workers, such as obstetricians and
paediatricians, rarely provided information beyond national level, precluding
subnational investigation of the MCH workforce. Problems of completeness and
timeliness of data are barriers to the overall usefulness of existing sources. Improved
data-gathering efforts might possibly act as a catalyst for improving the availability and
quality of data for the health workforce. There is ongoing demand from the international
community for health workforce benchmarks or minimum density thresholds to achieve
health system goals[28, 57]. Despite this attention, gaps in the health workforce data
and lack of methodological standardisation across sources undermine the utilization of
data worldwide. More precise data on the profile and density of health workforce in

each country could yield more precise estimates of health workforce shortages.

The monitoring scope of child mortality in China should be advanced through focusing
on mortality indicators that are largely neglected, in particular the NMR. The neonatal
period (the first 28 days of life) is the most vulnerable period of child survival. More
data are needed in this area for future sets of estimates. The continued efforts to
strengthen child death registration and surveillance will hopefully improve the precision
of age-specific mortality rates by reducing the dependency on statistical modelling.
Along with continued surveillance and monitoring efforts, high-quality cause of death
data can assist decision making about what interventions are needed and where they
are needed most. Data sharing need to be improved across sectors to link population
databases (household registration, censuses and nationally representative surveys)

and health-related databases to improve the accuracy of child mortality data.
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Appendix A. Systematic review

A.1 Search strategy for English and Chinese literature on China’s MCH workforce

Al.1 English

database search

Embase: 1517

Medline: 941

Cochrane: 71

Econlit: 5

Web of Science: 1357

Global Health

1108

6 databases in total: 4999

Duplicated references: delete 1429 duplicates

Final dataset:

Embase Classic+tEmbase@Ovid

3570

No.

Classification

Term

Results

1

Human resources
for health

exp medical profession/ or exp paramedical personnel/ or exp medical education/ or exp medical student/ or exp
Medical Staff/ or exp Health Care Manpower/ or exp Health Personnel/ or exp health practitioner/ or exp residency
education/ or exp health student/ or exp medical personnel/ or 'health worker*'.tw. or 'health workforce*'.tw. or 'health
personnel'.tw. or HRH.tw. or HHR.tw. or 'health human resource*'.tw. or 'medical staff'.tw. or 'health*care provider*'.tw.
or ‘health*care worker*'.tw. or 'health professional*.tw. or 'health*care professional*'.tw. or 'health*care workforce*'.tw.
or 'health provider*'.tw. or 'medical staff'.tw. or 'medical workforce*'.tw. or 'health*care personnel'.tw. or 'health
personnel'.tw. 'Health*care Practitioner*'.tw. or 'health practitioner*.tw. or ‘'medical student*.tw. or ‘med student*'.tw. or
'health student*'.tw. or 'medical graduate*'.tw. or physician*.tw. or doctor*.tw. or surgeon*.tw. or internist*.tw.or
‘general practitioner*'.tw. or nurse*.tw. or 'skilled birth attendant*'.tw. or ‘family planning personnel'.tw. or 'medical
technician*'.tw. or 'midwifery workforce*'.tw. or midwi?e*.tw. or 'nursing staff'.tw. or 'nursing personnel'.tw. or 'nursing
workforce*.tw. or 'nursing professional*.tw. or pharmacist.tw. or pharmacists.tw. or 'health care practitioner*'.tw. or
‘health care personnel'.tw. or 'health care workforce*'.tw. or ‘health care professional*'.tw. or 'health care worker*'.tw.
or 'health care provider*'.tw. or paediatrician*.tw. or pediatrician*.tw. or obstetrist*.tw. or obstetrician*.tw. or
tocologist*.tw. or gynaecologist*.tw. or gynecologist*.tw. or(human resource* adj4 health).tw. or 'obstetric*

2256760
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workforce*.tw. or 'paediatric* workforce*'.tw. or ‘pediatric* workforce*'.tw. or 'vaccination staff'.tw. or vaccinator*.tw. or
‘vaccination personnel'.tw. or ‘obstetric* personnel'.tw. or ‘paediatric* personnel'.tw. or 'paediatric* personnel'.tw.

MCH services

exp Child Health Services/ or exp Maternal Health Services/ or exp Cesarean Section/ or exp Maternal-Child Nursing/
or exp Obstetric Nursing/ or exp Prenatal Care/ or exp Prenatal Diagnosis/ or exp Home Childbirth/ exp Pediatric
Nursing/ or exp Maternal Health Services/ or exp Maternal Health/ or exp Child Care/ or exp Child Health Services/ or
exp Intensive Care, Neonatal/ or exp Child Health/ or exp Vaccination/ or exp Immunization/ or exp BCG Vaccine/ or
exp Measles Vaccine/ or exp Diphtheria-Tetanus-Pertussis Vaccine/ exp Hepatitis B Vaccines/ or maternal health*.tw.
or child health*.tw. or neonat* health*.tw. or MCH.tw. or MNH.tw. or MDG4.tw. or MDG5.tw. or millennium
development goal*.tw. or safe motherhood.tw. or prenatal.tw. or pre-natal.tw. or antenatal.tw. or ante-natal.tw. or

postnatal.tw. or post-natal.tw. or c-section*.tw. or caesarean section*.tw. or cesarean section*.tw. or facility deliver*.tw.

or facility-based deliver*.tw. or home birth.tw. or homebirth.tw. or child birth.tw. or childbirth.tw. or home deliver*.tw. or
skilled deliver*.tw. or institutional* deliver*.tw. or vaccin*.tw. or immuniz*.tw. or immunis*.tw. or EPI.tw.

1272246

3

China

exp China/ or China.tw. or Chinese.tw.

391966

4

#1 AND #2 AND #3

1517

Medline@Ovid

No.

Classification

Term

Results

1

Human resources
for health

exp medical profession/ or exp paramedical personnel/ or exp medical education/ or exp medical student/ or exp
Medical Staff/ or exp Health Manpower/ or exp Health Personnel/ or exp Nurse Practitioners/ exp Internship and
Residency/ or 'health worker*'.tw. or 'health workforce*'.tw. or 'health personnel'.tw. or HRH.tw. or HHR.tw. or 'health
human resource*'.tw. or 'medical staff'.tw. or 'health*care provider*'.tw. or 'health*care worker*'.tw. or 'health
professional*.tw. or 'health*care professional*'.tw. or 'health*care workforce*'.tw. or 'health provider*.tw. or 'medical
staff'.tw. or 'medical workforce*'.tw. or 'health*care personnel'.tw. or 'health personnel'.tw. or 'Health*care
Practitioner*'.tw. or 'health practitioner*.tw. or ‘'medical student*.tw. or 'med student*.tw. or ‘health student*.tw. or
‘medical graduate*'.tw. or Physician*.tw. or doctor*.tw. or surgeon*.tw. or or internist*.tw. or general practitioner*.tw. or
nurse*.tw. or 'skilled birth attendant*'.tw. or ‘family planning personnel'.tw. or 'medical technician*.tw. or 'midwifery
workforce*'.tw. or midwi?e*.tw. or 'nursing staff'.tw. or 'nursing personnel'.tw. or 'nursing workforce*'.tw. or 'nursing
professional*'.tw. or pharmacist.tw. or pharmacists.tw. or 'health care practitioner*'.tw. or 'health care personnel'.tw. or
'health care workforce*.tw. or 'health care professional*'.tw. or 'health care worker*.tw. or 'health care provider*.tw. or
paediatrician*.tw. or pediatrician*.tw. or obstetrist*.tw. or obstetrician*.tw. or tocologist*.tw. or gynaecologist*.tw. or
gynecologist*.tw. or(human resource* adj4 health).tw. or 'obstetric* workforce*'.tw. or 'paediatric* workforce*'.tw. or
‘pediatric* workforce*'.tw. or 'vaccination staff'.tw. or vaccinator*.tw. or 'vaccination personnel'.tw. or ‘obstetric*
personnel'.tw. or 'paediatric* personnel'.tw. or 'paediatric* personnel'.tw.

1328681
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MCH services

exp Child Health Services/ or exp Maternal Health Services/ or exp Cesarean Section/ or exp Maternal-Child Nursing/
or exp Obstetric Nursing/ or exp Prenatal Care/ or exp Prenatal Diagnosis/ or exp Home Childbirth/ or exp Obstetric
Nursing/ or exp Pediatric Nursing/ or exp Maternal Health/ or exp Child Care/ or exp Child Health Services/ or exp
Intensive Care, Neonatal/ or exp Child Health/ or exp Vaccination/ or exp Immunization/ or exp BCG Vaccine/ or exp
Measles Vaccine/ or exp Diphtheria-Tetanus-Pertussis Vaccine/ or exp Hepatitis B Vaccines/ or 'maternal health*'.tw.
or 'child health*'.tw. or 'neonat* health*.tw. or MCH.tw. or MNH.tw. or MDG4.tw. or MDG5.tw. or 'millennium
development goal*'.tw. or 'safe motherhood'.tw. or prenatal.tw. or pre-natal.tw. or antenatal.tw. or ante-natal.tw. or
postnatal.tw. or post-natal.tw. or c-section*.tw.

or 'caesarean section*.tw. or 'cesarean section*'.tw. or ‘facility deliver*.tw. or ‘facility-based deliver*.tw. or ‘home
birth'.tw. or homebirth.tw. or ‘child birth'.tw. or childbirth.tw. or 'home deliver*'.tw. or 'skilled deliver*.tw. or ‘institutional*
deliver*'.tw. or EPIl.tw. or vaccin*.tw. or immuniz*.tw. or immunis*.tw.

850849

3

China

exp China/ or China.tw. or Chinese.tw.

285572

4

#1 AND #2 AND #3

941

Cochrane Li

brary

No.

Classification

Term

Results

1

Human resources
for health

MeSH descriptor: [Health Manpower] explode all trees or MeSH descriptor: [Medical Staff] explode all trees or MeSH
descriptor: [Allied Health Personnel] explode all trees or MeSH descriptor: [Health Personnel] explode all trees or
MeSH descriptor: [Community Health Workers] explode all trees or MeSH descriptor: [Allied Health Occupations]
explode all trees or MeSH descriptor: [Education, Medical] explode all trees or MeSH descriptor: [Students, Medical]
explode all trees or ‘health worker*':ti,ab,kw or ‘health workforce*':ti,ab,kw or

‘health personnel’ti,ab,kw or HRH:ti,ab,kw or HHR:ti,ab,kw or ‘health human resource*’:ti,ab,kw or ‘medical
staff':ti,ab,kw or ‘health*care provider*':ti,ab,kw or ‘health care provider*'ti,ab,kw or ‘health care worker*':ti,ab,kw or
‘health*care worker*":ti,ab,kw or ‘health professional*’:ti,ab,kw or ‘health care professional*’:ti,ab,kw or ‘health*care
professional*’:ti,ab,kw or ‘health*care workforce*':ti,ab,kw or ‘health care workforce*:ti,ab,kw or ‘health
provider*’:ti,ab,kw or ‘health practitioner*’:ti,ab,kw or ‘medical workforce*’:ti,ab,kw or ‘medical personnel’:ti,ab,kw or
‘medical practitioner*’:ti,ab,kw or ‘health care personnel’:ti,ab,kw or ‘health*care personnel’:ti,ab,kw or ‘health care
practitioner*’:ti,ab,kw or ‘health*care practitioner*’:ti,ab,kw or ‘human resource™ near/4 health or ‘medical
student*’:ti,ab,kw or ‘med student*:ti,ab,kw or ‘health student*:ti,ab,kw or ‘medical graduate*’:ti,ab,kw or
physician*:ti,ab,kw or

doctor*:ti,ab,kw or surgeon*:ti,ab,kw or internist*:ti,ab,kw or ‘general practitioner*:ti,ab,kw or nurse*:ti,ab,kw or ‘skilled
birth attendant*’:ti,ab,kw or ‘family planning personnel’:ti,ab,kw or ‘midwifery workforce’:ti,ab,kw or midwi?e*:ti,ab,kw or

75398
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‘nursing staff’:ti,ab,kw or ‘nursing personnel’:ti,ab,kw or
‘nursing workforce’:ti,ab,kw or ‘nursing professional®:ti,ab,kw or dentist*:ti,ab,kw or pharmacist*:ti,ab,kw or

‘medical technician®":ti,ab,kw

MCH services

MeSH descriptor: [Maternal Health] explode all trees or MeSH descriptor: [Maternal Health Services] explode all trees
or MeSH descriptor: [Child Health] explode all trees or MeSH descriptor: [Intensive Care, Neonatal] explode all trees
or MeSH descriptor: [Child Health Services] explode all trees or MeSH descriptor: [Infant Health] explode all trees or
MeSH descriptor: [Perinatal Care] explode all trees or MeSH descriptor: [Neonatal Nursing] explode all trees or MeSH
descriptor: [Prenatal Care] explode all trees or MeSH descriptor: [Postnatal Care] explode all trees or MeSH
descriptor: [Cesarean Section] explode all trees or MeSH descriptor: [Delivery, Obstetric] explode all trees or MeSH
descriptor: [Parturition] explode all trees or MeSH descriptor: [Pregnancy] explode all trees or MeSH descriptor:
[Immunization] explode all trees or MeSH descriptor: [Vaccination] explode all trees or ‘maternal health*’:ti,ab,kw or
‘child health*:ti,ab,kw or ‘neonat* health*:ti,ab,kw or MCH:ti,ab,kw or MNH:ti,ab,kw or MDG4:ti,ab,kw or
MDG5:ti,ab,kw or millennium development goal*:ti,ab,kw or safe motherhood:ti,ab,kw or prenatal:ti,ab,kw or pre-
natal:ti,ab,kw or antenatal:ti,ab,kw or ante-natal:ti,ab,kw or postnatal:ti,ab,kw or post-natal:ti,ab,kw or c-
section*:ti,ab,kw or

caesarean section*:ti,ab,kw or cesarean section*:ti,ab,kw or facility deliver*:ti,ab,kw or facility-based deliver*:ti,ab,kw
or ‘home birth’:ti,ab,kw or homebirth:ti,ab,kw or ‘child birth’:ti,ab,kw or childbirth:ti,ab,kw or ‘home deliver*:ti,ab,kw or
‘skilled deliver*’:ti,ab,kw or ‘institutional* deliver*:ti,ab,kw or vaccin*:ti,ab,kw or immuniz*:ti,ab,kw or immunis*:ti,ab,kw
or EPI:ti,ab,kw or

42671

3

China

MeSH descriptor: [China] explode all trees or ‘china’:ti,ab,kw or ‘Chinese’:ti,ab,kw

22427

4

#1 AND #2 AND #3

71

Econlit@Ov

id

No.

Classification

Term

Results

1

Human resources
for health

‘health worker*'.tw. or 'health workforce*'.tw. or 'health personnel'.tw. or HRH.tw. or HHR.tw. or ‘health human
resource*'.tw. or 'medical staff'.tw. or 'health$care provider$'.tw. or 'health$care worker$'.tw. or 'health
professional*.tw. or 'health$care professional*.tw. or 'health$care workforce*.tw. or 'health provider$'.tw. or 'medical
staff'.tw. or 'medical workforce*'.tw. or 'health$care personnel'.tw. or 'health personnel'.tw. or 'Health$care or
practitioner*'.tw. or 'health practitioner*'.tw. or 'medical student*.tw. or 'med student*.tw. or 'health student*'.tw. or
‘medical graduate*'.tw. or Physician*.tw. or doctor*.tw. or surgeon*.tw. or internist*.tw. or general practitioner*.tw. or
nurse*.tw. or 'skilled birth attendant*.tw. or ‘family planning personnel'.tw. or 'medical technician*'.tw. or 'midwifery
workforce*'.tw. or midwi?e*.tw. or 'nursing staff'.tw. or 'nursing personnel'.tw. or 'nursing workforce*'.tw. or 'nursing

7142
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professional*'.tw. or pharmacist.tw. or pharmacists.tw. or ‘health care practitioner*.tw. or ‘health care personnel’.tw. or
‘health care workforce™.tw. or ‘health care professional™.tw. or ‘health care worker*'.tw. or ‘health care provider*.tw. or
paediatrician*.tw. or pediatrician*.tw. or obstetrist*.tw. or obstetrician*.tw. or tocologist*.tw. or gynaecologist*.tw. or
gynecologist*.tw. or(human resource* adj4 health).tw. or ‘obstetric* workforce™.tw. or ‘paediatric* workforce*'.tw. or
‘pediatric* workforce®.tw. or resident*.tw. or ‘vaccination staff’.tw. or vaccinator*.tw. or

‘vaccination personnel’.tw. or ‘obstetric* personnel’.tw. or ‘paediatric* personnel’.tw. or ‘paediatric* personnel’.tw.

MCH services

maternal health*.tw. or child health*.tw. or neonat* health*.tw. or MCH.tw. or MNH.tw. or MDG4.tw. or MDG5.tw. or
millennium development goal*.tw. or safe motherhood.tw. or prenatal.tw. or pre-natal.tw. or antenatal.tw. or ante-
natal.tw. or postnatal.tw. or post-natal.tw. or c-section*.tw. or caesarean section*.tw. or cesarean section*.tw. or facility
deliver*.tw. or facility-based deliver*.tw. or home birth.tw. or homebirth.tw. or child birth.tw.

3777

3

China

China.tw. or Chinese.tw.

38851

4

#1 AND #2 AND #3

Web of Scie

nce

No.

Classification

Term

Results

1

Human resources
for health

ts=(‘medical professional® or ‘medical personnel’ or ‘health personnel’ or ‘health human resource* or ‘health
workforce® or ‘medical staff’ or ‘healthcare provider* or ‘health-care provider* or ‘health care worker*’ or surgeon* or
internist* or ‘healthcare worker*’ or ‘health professional* or ‘health care professional® or ‘health worker*’ or
practitioner* or physician* or doctor* or nurse* or pharmacist* or physician* or ‘skilled birth attendant* or midwife* or
‘midwifery workforce™ or midwives or ‘health manpower’ or HRH or HHR or paediatrician* or pediatrician* or
obstetrist* or obstetrician* or tocologist* or gynaecologist* or gynecologist* or ‘human resource* adj4 health’ or
‘obstetric* workforce* or ‘paediatric* workforce* or ‘pediatric* workforce*' or ‘vaccination staff’ or vaccinator* or
‘vaccination personnel’ or ‘obstetric* personnel’ or ‘paediatric* personnel’ or ‘pediatric* personnel’)

887960

MCH services

ts=(maternal health* or child health* or neonat* health* or infant health* or MCH or MNH or MDG4 or MDG5 or
millennium development goal* or safe motherhood or prenatal or pre-natal or antenatal or ante-natal or postnatal or
post-natal or c-section* or caesarean section* or cesarean section* or facility deliver* or facility-based deliver* or
hospital* deliver* or hospital-based deliver* or home birth or home birth or home deliver* or skilled deliver* or
institutional* deliver* or vaccin* or immuniz* or immunis* or EPI)

928149

China

ts=(China or Chinese)

699607

#1 AND #2 AND #3

1357
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Global Health

No.

Classification

Term

Results

Human resources
for health

exp health care workers/ or exp medical education/ or exp medical student/ or 'health worker*'.tw. or 'health
workforce*'.tw. or 'health personnel'.tw. or HRH.tw. or HHR.tw. or 'health human resource*'.tw. or 'medical staff'.tw. or
'health$care provider$'.tw. or 'health$care worker$'.tw. or 'health professional*'.tw. or 'health$care professional*'.tw. or
'health$care workforce*'.tw. or 'health provider$'.tw. or 'medical staff'.tw. or 'medical workforce*'.tw. or 'health$care
personnel'.tw. or 'health personnel'.tw. or 'Health$care Practitioner*'.tw. or 'health practitioner*.tw. or 'medical
student*.tw. or 'med student*.tw. or 'health student*'.tw. or 'medical graduate*'.tw. or Physician*.tw. or doctor*.tw. or
surgeon*.tw. or internist*.tw. or general practitioner*.tw. or nurse*.tw. or 'skilled birth attendant*.tw. or 'family planning
personnel'.tw. or 'medical technician*'.tw. or 'midwifery workforce*'.tw. or midwi?e*.tw. or 'nursing staff'.tw. or 'nursing
personnel'.tw. or 'nursing workforce*.tw. or 'nursing professional*.tw. or pharmacist.tw. or pharmacists.tw. or ‘health
care practitioner”.tw. or ‘health care personnel’.tw. or ‘health care workforce*.tw. or ‘health care professional®.tw. or
‘health care worker™.tw. or ‘health care provider*'.tw. or paediatrician*.tw. or pediatrician*.tw. or obstetrist*.tw. or
obstetrician*.tw. or tocologist*.tw. or gynaecologist*.tw. or gynecologist*.tw. or(human resource* adj4 health).tw. or
‘obstetric* workforce™.tw. or ‘paediatric* workforce*'.tw. or ‘pediatric* workforce®'.tw. or resident*.tw. or ‘vaccination
staff’.tw. or vaccinator®.tw. or ‘vaccination personnel’.tw. or ‘obstetric* personnel’.tw. or ‘paediatric* personnel’.tw. or
‘paediatric* personnel’.tw.

187811

MCH services

exp Prenatal Care/ or exp Prenatal Education/ or exp Prenatal Diagnosis/ or exp Child Care/ or exp Child Health/ or
exp Vaccination/ or exp Immunization/ or exp BCG Vaccine/ or maternal health*.tw. or child health*.tw. or neonat*
health*.tw. or MCH.tw. or MNH.tw. or MDG4.tw. or MDG5.tw. or millennium development goal*.tw. or safe
motherhood.tw. or prenatal.tw. or pre-natal.tw. or antenatal.tw. or ante-natal.tw. or postnatal.tw. or post-natal.tw. or c-
section*.tw. or caesarean section*.tw. or cesarean section*.tw. or facility deliver*.tw. or facility-based deliver*.tw. or
home birth.tw. or homebirth.tw. or child birth.tw. or childbirth.tw.

home deliver*.tw. or skilled deliver*.tw. or institutional* deliver*.tw. or vaccin*.tw. or immuniz*.tw. or immunis*.tw. or
EPI.tw.

221331

China

exp China/ or China.tw. or Chinese.tw.

194448

#1 AND #2 AND #3

1108
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A1l.2 Chinese database search

CNKI: 20792

Wanfang: 6464

Two databases in total: 27256

Duplicated references: delete 927 duplicates

Final Chinese database: 26329

China National Knowledge Infrastructure(CNKI)

No.

Classification

Searching terms

Results

1

Human
resources for
health

SU=PHENIj+TAEANA+TAEN R+EE 2 NI J+EZE NA+EERE N T +EE 55 N 3 +02 55 TARE+ PAEMRS F -+ BN+ B+
PIN B2 NI+ 2552 NA+ 2T+ EE BN A +BEHN R+ 4 B+ R A + 7B 5+ LREA I+ LR A+ L
BHE AN R WA+ N R+ A N+ B+ B AR S R A+ 4+ ROR

Translation:

SU= health manpower + health talents + health staff + medical manpower + medical talents + hospital staff+ medical staff+
medical workers+ nursing workforce + nursing talents + nursing staff + pharmaceutical talents + pharmaceutical workforce
+pharmacists + technical talents + technical talents + midwives +obstetric manpower +obstetric talents + obstetric
professionals+ paediatric personnel + paediatric talents + paediatric professionals + vaccination personnel + vaccination
staff + midwifery personnel + midwifery workforce +midwifery workers + howdie + doctor + nurse + physician

606345

MCH services

SU=YASPRALE+ 51 Bl 5 55+ 81 4 e B+ 801 4 T A+ 25 00 T A R 55+ 2377 S DR+ 227 4 L 7 U O A+ L A DR A+ 300 1 + 351 5 77+ 50
W75 2 7 P B+ AR B2 7 0+ 22 ST DR A+ 221 O+ B O i+ 22 AT 47 B+ T4 B AR A+ LB (R R+ LR B+ LB R (i +
BU DA SS+H A LR+ 2E ) L B A ) LA R+ B R+ 28 v+ T ) G 2+ S e Rl

Translation:

SU= maternal and child service + maternal and child healthcare + maternal and child health + maternal and child hygiene +
pregnancy health care + perinatal health care + pregnant women+ perinatal health care+ perinatal care+ caesarean
section+ cesarean section+ delivery + obstetric care+ hospital delivery+ pregnancy care+ pre-pregnancy health care+
prenatal health care+ pre-pregnancy care+ prenatal care+ prenatal test+ health care card+ child health+ pediatric care+
child health care+ infant health care+ neonatal care + neonatal health + vaccination+ vaccine+ planned immunization +
immunization programme

450129

1 AND 2

20792
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https://d.docs.live.net/lsh410471/AppData/Local/youdao/dict/Application/7.5.0.0/resultui/dict/
https://d.docs.live.net/lsh410471/AppData/Local/youdao/dict/Application/7.5.0.0/resultui/dict/
https://d.docs.live.net/lsh410471/AppData/Local/youdao/dict/Application/7.5.0.0/resultui/dict/
https://d.docs.live.net/lsh410471/AppData/Local/youdao/dict/Application/7.5.0.0/resultui/dict/
https://d.docs.live.net/lsh410471/AppData/Local/youdao/dict/Application/7.5.0.0/resultui/dict/

SU means searching for title, keyword and abstract.

Wanfang database

No.

Classification

Searching terms

Results

1

Human
resources for
health

A SRR (AR AT+ PN+ AN R+ R 22 NI+ R N +EEBE A+ B2 55 N G+ 0255 TAR &+ PAER S E -+ BN T+
PENA BN G+ B L BT+ B+ B R+ ) LB+ ) LRI+ LB R+l N D1+ B Rh & + 35N
HEAE N HREF RSP 1+ RR)

Translation:

Topic OR Key words= health manpower + health talents + health staff + medical manpower + medical talents + hospital
staff+ medical staff+ medical workers+ nursing workforce + nursing talents + nursing staff + pharmaceutical talents +
pharmaceutical workforce +pharmacists + technical talents + technical talents + midwives +obstetric manpower +obstetric
talents + obstetric professionals+ paediatric personnel + paediatric talents + paediatric professionals + vaccination
personnel + vaccination staff + midwifery personnel + midwifery workforce +midwifery workers + howdie + doctor + nurse +
physician

230185

MCH services

T A4 B G BEAA] (S 4 DR AR+ A B R 55 + S 4 e+ 301 40 T A+ 2 ) T A I 9%+ 2 7 S OR A+ 27 77 4+ L7 ST O A+ Bl A OR A+ = +
BB 72+ 00 W7 347 B B B2 50 W+ 2731 DR+ 25 BT O e+ 7 BT DR A+ 22 BT3P B T 90 B+ ARG 2+ LB g e+ L ARH B+
JUEE ORfE+22 ) LT A R 55+ A LR A+ 25 ) L R+ 3 A ) LAge RE+ B+ 2 v + Rl S e + S e R 4l

Translation:

Topic OR Key words= maternal and child service + maternal and child healthcare + maternal and child health + maternal
and child hygiene + pregnancy health care + perinatal health care + pregnant women+ perinatal health care+ perinatal
care+ caesarean section+ cesarean section+ delivery + obstetric care+ hospital delivery+ pregnancy care+ pre-pregnancy
health care+ prenatal health care+ pre-pregnancy care+ prenatal care+ prenatal test+ health care card+ child health+
pediatric care+ child health care+ infant health care+ neonatal care + neonatal health + vaccination+ vaccine+ planned
immunization + immunization programme

160883

1 AND 2

6464
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https://d.docs.live.net/lsh410471/AppData/Local/youdao/dict/Application/7.5.0.0/resultui/dict/
https://d.docs.live.net/lsh410471/AppData/Local/youdao/dict/Application/7.5.0.0/resultui/dict/
https://d.docs.live.net/lsh410471/AppData/Local/youdao/dict/Application/7.5.0.0/resultui/dict/
https://d.docs.live.net/lsh410471/AppData/Local/youdao/dict/Application/7.5.0.0/resultui/dict/
https://d.docs.live.net/lsh410471/AppData/Local/youdao/dict/Application/7.5.0.0/resultui/dict/

A.2 Quality assessment of included studies
A2.1 Quality assessment for studies reporting on the MCH workforce profile

Definition of health workers Study design Completeness of
data
Liao et al, Health workers who Non-random Not given
2017 (E) practiced at a single hospital  sampling, data
and held certificates issued source clearly
by the Ministry of Health stated
Risk Low risk High risk Unclear risk
Fu, 2012 (C) Not defined Health bureau Not given
data, data source
not clearly stated
Risk Unclear risk High risk Unclear risk
Chen, 2016 Not defined Non-random Not given
© sampling, data
source not clearly
stated
Risk Unclear risk High risk Unclear risk
Xiao, 2011 (C Not defined Census, data 100%
Thesis) source clearly
stated
Risk Unclear risk Low risk Low risk
Wang et al, Not defined Census, data 100%
2014 (C) source clearly
stated
Risk Unclear risk Low risk Low risk
Huang, 2009 Health workers who worked Census, data 100%
(©) in the clinical departments source clearly
stated
Risk Low risk Low risk Low risk
Feng, et al, Health workers who worked Census, data 100%
2012 (C) in the clinical departments source clearly
stated
Risk Low risk Low risk Low risk
Luetal, 2010  Health workers who provided Census, data 100%
© outpatient, inpatient, source clearly
emergent or ambulatory stated
obstetric services
Risk Low risk Low risk Low risk
Zhu et al, Not defined Census, data 100%
2008 (C) source clearly
stated
Risk Unclear risk Low risk Low risk
Guo et al, Not defined Data from Not given
2015 (C) previous survey,
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Definition of health workers Study design Completeness of
data
Risk Unclear risk High risk Unclear risk
Liu, 2010 (C Not defined Non-random Not given
Thesis) sampling, data
source clearly
stated
Risk Unclear risk High risk Unclear risk
Shao, 2016 Health workers who worked Online survey to Not given
(© in internal wards health workers,
but methods not
stated
Risk Low risk High risk Unclear risk
Yang, 2017 (C  Not defined Cross-sectional Not given
Thesis) survey, but
sampling methods
not clearly stated
Risk Unclear risk High risk Unclear risk
Liu, 2013 (C Health workers who provided Cross-sectional 68.75%, no
Thesis) clinical services at the survey, but comparison of
frontline sampling methods  persons in the
not clearly stated study to those not
in the study
Risk Low risk High risk High risk
Sun et al, Not defined Multistage Not given
2014 (C) sampling, but
methods not
clearly stated
Risk Unclear risk High risk Unclear risk
Zheng, 2015 Health workers who provided Non-random Not given
(C Thesis) child health care sampling, data
source clearly
stated
Risk Low risk High risk Unclear risk
Wu et al, 2017 Paediatric nurse, but no Census, data 100%
(©) definition reported by
hospital
administrator
Risk High risk Low risk Low risk
Li et al, 2014 Health workers who held Census, data 100%
(©) midwifery qualifications, source clearly
either full-time or part-time stated
Risk Low risk Low risk Low risk
Geetal, 2010 Full-time midwife staff Non-random Not given
© sampling, data
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Definition of health workers Study design Completeness of
data
Risk Low risk High risk Unclear risk
Wang, 2012 Health workers who(1) held Census, data 88.3%
(C Thesis) nursing certificate and source clearly
qualification for MCH stated
care;(b) working in obstetric
department in the past one
year;(c) midwifery working
experience was more than
half a year
Risk Low risk Low risk Low risk
Yuetal, 2015 Health workers who provided Census, data 100%
© primary health care for source clearly
children stated
Risk Low risk Low risk Low risk
He et al, 1997  Health workers who provided Census, data 80.4%
© child healthcare and source clearly
practiced full-time stated
Risk Low risk Low risk Low risk
Liao, 2008 (C)  Not defined Census, data 100%
source clearly
stated
Risk Unclear risk Low risk Low risk
Lu et al, 2013 Not defined Census, data 100%
(©) source clearly
stated
Risk Unclear risk Low risk Low risk
Guo et al, Not defined Multi-stage cluster  Not given
2015 (C) sampling, but
methods not
clearly stated
Unclear risk Unclear risk Unclear risk
Chen, 1988 Not defined Census, data 100%
(©) source clearly
stated
Risk Unclear risk Low risk Low risk
Shen, 1991 Not defined Cross-sectional Not given
©) survey, but
sampling methods
not clearly stated
Risk Unclear risk High risk Unclear risk
Zan et al, Not defined Census, data 100%
2016 (C) reported by
hospital
administrator
Risk Unclear risk Low risk Low risk
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Definition of health workers Study design Completeness of
data
Chen, 2016 Not defined Non-random Not given
© sampling, data
reported by
hospital
administrator
Risk Unclear risk High risk Unclear risk
Wang et al, Not defined Census, data 100%
2014 (C) source clearly
stated
Risk Unclear risk Low risk Low risk
Liu et al, 2012 Health workers who worked Census, data 100%
©) in MCH information source clearly
monitoring and statistics stated
Risk Low risk Low risk Low risk
Ye, 1992 (C) Health workers who provided Cross-sectional 90%
maternal healthcare in the survey, but
villages sampling methods
not clearly stated
Risk Low risk High risk Low risk
Wang, 1975 Health workers who were Non-random Not given
(E) selected by the people inthe  sampling, data
communes and were trained  source clearly
in their locale stated
Risk Low risk High risk Unclear risk
Cheung et al, Health workers who offered Non-random 95.3%
2011 (E) midwifery services including  sampling, data
all midwives, nurses, source clearly
doctors, doulas stated
Risk Low risk High risk Low risk
Ren et al, Health workers who provided Clustered random  Not given
2015 (E) curative and preventive sampling of health
healthcare services and held facilities and
at least one legal health census of health
qualification certificate workers, data
source clearly
stated
Risk Low risk Low risk Unclear risk
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A2.2 Quality assessment for studies reporting on the MCH workforce density

Definition of health
workers

Study design

Completeness of
data

Ren et al,
2018 (E)

Xue et al,
2003 (C)

Tao et al,
2011 (E)

Hu et al,
2010 (C)

Zhu,
2013 (C)

Yang et
al, 2016

©

Wang,
2015 (C
Thesis)

Song et
al, 2016

(E)

Chen et
al, 2017
©

MCH workers who held
professional certificates
and worked in clinical
departments

Low risk

Not given

Unclear risk

Midwives with three-
year midwifery training

Low risk

Not given

Unclear risk

Not given

Unclear risk

Not given

Unclear risk

Not given

Unclear risk

Not given

Unclear risk

Not given

Unclear risk

Nominator from structured
guestionnaire to health
facilities, denominator from
local government

Low risk

Numerator and denominator
both from National bureau of
statistics

Low risk

Numerator and denominator
both from local health
bureau

Low risk

Numerator from structured
guestionnaire to health
facilities, denominator
source not given

Unclear risk

Nominator from structured
guestionnaire to health
facilities, denominator from
record review of Statistics
Yearbook

Low risk

Nominator from structured
guestionnaire to health
facilities, denominator from
record review of local health
report

Low risk

Nominator from structured
guestionnaire to health
facilities, denominator from
record review of local health
report

Low risk

Nominator from structured
guestionnaire to health
facilities, denominator
source not given

Unclear risk

Numerator from health
bureau data, denominator
from census

Low risk
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Not given

Unclear risk

Not given

Unclear risk

Not given

Unclear risk

Not given

Unclear risk

Not given

Unclear risk

Not given

Unclear risk

Not given

Unclear risk

Not given

Unclear risk

Not given

Unclear risk



Definition of health
workers

Study design

Completeness of
data

Jin, 2016
(&
Thesis)

Zhang et
al, 2019

(E)

Jietal,
2017 (C)

Hu et al,
2014 (E)

Guo et al,
2015 (C)

Zou et al,
2016 (C)

Chen et
al, 2010

(©

Wang,
1975 (E)

Not given

Unclear risk

Doctors certified by the
National Health
Commission and
licensed as specializing
in medical care for
children

Low risk

Not given

Unclear risk

Full-time vaccination
personnel and part-time
public health workers
who work in childhood
immunization

Low risk

Public health workers
who provided MCH
services

Low risk

Public health workers
who provided maternal
care or child care

Low risk

Vaccinators who
provided outpatient
immunization services
for children

Low risk

Traditional birth
attendants or barefoot
doctors who worked on
prenatal check-ups,
postnatal care or child
care in the communes

Low risk

Numerator and denominator
both from local health
bureau

Low risk

Nominator from structured
guestionnaire to health
facilities, denominator
source not given

Unclear risk

Numerator from health
bureau data, denominator
from statistics yearbook

Low risk

Numerator from health
bureau data, denominator
source not given

Unclear risk

Numerator from structured
guestionnaire to health
facilities, denominator from
local health bureau

Low risk

Numerator from record
review of local health report,
denominator source not
given

Unclear risk

Numerator from health
bureau data, denominator
source not given

Unclear risk

Numerator from structured
interviews of health workers,

denominator source not
given

Unclear risk

Not given

Unclear risk
The complete rate
for the numerator

is 91.8%, unclear
for denominator

Unclear risk

Not given

Unclear risk

Not given

Unclear risk

Not given

Unclear risk

Not given

Unclear risk

Not given

Unclear risk

Not given

Unclear risk
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Appendix B. Scoping review
B.1 Literature search in Embase (ClassictEmbase1947-2021 April 02) and Medline (1946 to March Week 4 2021) through Ovid. 2021/04/04 13:00

No. Classification Term Results

1 Infant/Child [tw=(MDG#4 or ‘millennium development goal 4’ or ‘under-five mortality’ or ‘under five mortality’ or ‘under-5 mortality’ or 'child 153255
mortality mortality' or 'infant death’ or 'infant mortality’ or ‘childhood mortality’ or IMR or USMR or ‘child death’ or ‘live birth’ )]or(exp

childhood mortality/ or exp infant mortality/ or exp child death/ or exp infant death)

2 China exp China/ or tw=China or tw=Chinese 1041814

3 Objective specific | [tw=(‘declin* or ‘reduction’ or ‘reduce’ or ‘reducing’ or ‘decrease’ or ‘decreasing’)] 7672447
term(trend)

4 Objective specific | [tw=(‘determinant’ or ‘associat* or ‘correlat*’ or ‘relationship’ or ‘relation’ or ‘relate’)] 17028284
term(determinant)

5 Final search #1 AND #2 AND (#3 OR #4) 1545

B.2 China National Knowledge Infrastructure (CNKI) database, 2021/04/04 20:30

No. | Classification Searching terms
1| Infant/Child SU=()LILT 5+ L E FE - H+MDGA+ T4 K JE F br 4)
mortality )
Translation:
SU=(infant mortality rate+ child mortality rate+ MDG4 + Millennium Development Goal 4)
2 | China SU=(F H+4:E+9+ E+E %)

Translation:

Topic OR Key words= Country+ Nation+ China+ State
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No. | Classification Searching terms

3 | Objective specific | SU=('F F#+f/b+F#1E)
term(trend) .
Translation:

SU = (decline + reduce + decrease)

4 Objective specific | SU=(1k & F &+ B+ %)
term(determinant) )
Translation:

SU = (determinant + association + correlation)

5 Final search #1 AND #2 AND (#3 OR #4)

SU means searching for title, keyword and abstract.

B.3 Wanfang database 2021/04/04 22:00

No. Classification Searching terms
1 Infant/Child mortality | 44 8 ¢ (22 LIBT3+ ) LEIL T 2R +MDGA+ T4 K JE Hix 4)
Translation:

Topic OR Key words= infant mortality rate+ child mortality rate+ MDG4 + Millennium Development Goal 4

2 China L4, O (R + 4 [+ o+ [ %)
Translation:

Topic OR Key words= Country+ Nation+ China+ State

3 Objective specific 44 SO (R B+ D+ FRAIC)
term(trend) .
Translation:

235




No. Classification Searching terms
Topic OR Key words= decline + reduce + decrease
4 Obijective specific 44 B DG B 1] (R 8 R R+ R R+ A %)
term(determinant) .
Translation:
Topic OR Key words= determinant + association + correlation
5 Final search #1 AND #2 AND (#3 OR #4)
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Appendix C. Definition of variables in the longitudinal dataset (1950-2017)

Table C.1 Definitions and data sources of outcome variables

Variable Definition (1950-80) Data source (1950-80) Definition (1981-2017) Data source for updating (1981-2017)
Infant Deaths per 1,000 live births “Using the maternal fertility histories of the June  Deaths of infants younger (1) Health statistics yearbook 2001-population census
Mortality 1988 National Survey of Fertility and than 1 year per 1,000 1981/1990;(2) Annual reports on maternal and child health
Rate Contraception conducted by State Family livebirths based on National Maternal and Child Mortality Surveillance
Planning Commission, authors created cohort System
life tables and calculated age-specific death 2000/2002/2004/2006/2008/2010/2012/2013/2014/2015/2016
rates experienced by each birth cohort.”
Under 5 Deaths per 1,000 live births Same as above Deaths of children younger (1) Annual reports on maternal and child health - National
Mortality than 5 years per 1,000 Maternal and Child Mortality Surveillance System
Rate livebirths 2000/2002/2004/2006/2008/2010/2012/2013/2014/

2015/2016;(2) Zhou, M. et al.(2019)-Disease Surveillance
Point system, the Maternal and Child Surveillance System,
the Chinese Center for Disease Control and Prevention
cause-of-death reporting system 1990-2017
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Table C.2 Definitions and data sources of demographic variables

Variable

Definition (1950-80)

Data source (1950-80)

Definition (1981-2017)

Data source for updating (1981-
2017)

Total Population

Per cent of population
over 60

Per cent of population
under 5

Per cent of population
who are male

Per cent of urban
population
Crude death Rate

Crude birth Rate

Natural growth rate*

Year-end total population

(10000 persons)

Per cent of population
over aged 60

Per cent of population
under age 5

Per cent of population who

are male

Per cent of urban
population

Deaths per 1,000
population

Births per 1,000
population

N/A

(1) Official provincial yearbooks
produced by the National Bureau of
Statistics;(2) Supplemental records
from “China Statistical Data
Compilation, 1949-2003 ”.

Laonian Renkou Ditu Ji (Collection
of Maps of the Elderly Population)

Laonian Renkou Ditu Ji (Collection
of Maps of the Elderly Population)

(1) Official provincial yearbooks
produced by the National Bureau of
Statistics;(2) Supplemental records

from “China Statistical Data
Compilation, 1949-2003".

Same as above

Same as above

Same as above

N/A

The population number at 24:00, 31st December.

Same as 1950-80 dataset

Same as 1950-80 dataset

The number of male population divided by total
population.

The number of population residing in urban areas
divided by resident population(year-end)

The ratio of the number of deaths to the average
population (or mid-period population) during a year.

The ratio of the number of births to the average
population (or mid-period population) during a year.

The ratio of natural increase in population (number of
births minus number of deaths) in a year to the
average population of the same year

Same as 1950-80 data source

Derived using census data (year
1964, 1982, 1990, 2000, 2010)

Derived using census data (year
1964, 1982, 1990, 2000, 2010)

Same as 1950-80 data source

Same as above

Same as above

Same as above

Same as above
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Table C.3 Definitions and data sources of education variables

Variable

Definition (1950-80)

Data source (1950-80)

Definition (1981-2017)

Data source for updating (1981-
2017)

Gross enrolment
ratio of primary
education

Gross enrolment
ratio of secondary
and higher education

The number enrolled in primary
education divided by the number
of population aged 6-11.

The number enrolled in secondary
and higher education divided by
the number of population aged 12-
18

The numerator was from
provincial yearbooks.
The denominator was
interpolated from the
age-group population
counts in the 1953, 1964,
and 1982 censuses.

Same as above

Same as 1950-80 dataset. Institutions of Higher Education
recruit graduates from senior secondary schools. They
include full-time universities, colleges, institutions of higher
professional education, institutions of higher vocational
education, institutions of higher vocational education and
others(non-university tertiary, branch schools and
undergraduate classes)

Same as 1950-80 dataset. Secondary school includes junior
secondary school and senior secondary school. Primary
education refers to the people who accept the highest level
of education, whether they are in school, graduated,
educated or dropouts.

The numerator was from:(1) Official
provincial yearbooks;(2) “China
Statistical Data Compilation, 1949-
2003” for supplemental early records.
The denominator was interpolated
from the age-group population counts
in the 1964, 1982, 1990, 2000 and
2010 censuses.

Same as above
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Table C.4 Definitions and data sources of health system input variables

Variable

Definition (1950-80)

Data source (1950-
80)

Definition (1981-2017)

Data source
for updating
(1950-2017)

Doctor density

Hospital bed
density*

Health
professional
density*

Health institution
density*

Number of doctors
for every 10,000
members of the

Number of hospital
beds for every
10,000 members of
the population.

(1) Official provincial
yearbooks;(2) “China
Statistical Data
Compilation, 1949-
2003".

Same as above

N/A

N/A

Number of doctors in Health Care Institutions per 10,000 persons. Before 2002, the numerator counts the
number of licensed doctors, licensed assistant doctors and intern doctors who are practising in medical
treatment, disease prevention or health institutions. Since 2002, the numerator only counts the number of
licensed(assistant) doctors, referring to the medical workers who have obtained the licenses of qualified
assistant doctors and are employed in medical treatment, disease prevention or health institutions. The
numerator excludes the licensed assistant doctors engaged in management job. The denominator is the
population figure of household registration from the Ministry of Public Security.

Number of beds in health care institutions per 10,000 population. The numerator is the fixed sum of beds in
health care institutions at the end of the year, including formal beds, simple beds, care beds, beds being
disinfected and repaired, disabled beds due to expansion or overhaul, excluding obstetric neonatal beds,
expectant beds of confinements room, inventory beds, observation beds, extra beds and escort beds of the
patient's family. Health care institutions include hospitals, health care institutions at grass-root level,
specialized public health institutions, and other medical and health care institutions. Same denominator as
the above variable.

Number of health professionals per 10,000 population. Before 2002, the numerator counts the number of
licensed doctors, licensed assistant doctors, registered nurses, pharmacists, technicians and interns
(doctors, pharmacists, nurses, and technical personnel), excluding the medical technical personnel engaged
in managerial job. Since 2002, the numerator excludes the interns. Same denominator as the above
variable.

Number of health institutions per 10,000 population. The numerator counts the number of medical and
health care institutions, including: hospitals, health care institutions at grass-root level and specialized public
health institutions. Same denominator as the above variable.

Same as 1950-
80 data source

(1) Official
provincial
yearbooks;(2)
“China
Statistical Data
Compilation,
1949-2003".

Same as above

Same as above

Notes: The variable “hospital bed density” has much missing data from the original data source. The information on “number of beds in health care institutions” is more complete. | generated a

new variable “Number of beds in health care institutions per 10,000 persons” using the same denominator as that of “doctor density”.
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Table C.5 Definitions and data sources of socio-economic development variables

Variable

Definition (1950-80)

Data source (1950-80)

Definition (1981-2017)

Data source
for updating
(1981-2017)

Gross domestic
product (200 million
yuan)

Investment in fixed
assets (current
price) per capita

General retail price
index (preceding
year=100)

Local revenue per
capita (1 million
yuan)

Total agricultural
production per capita
(10,000 tons)

Production of grain
per capita (10,000
tons)

Not defined

Not defined

Not defined

Not defined

Not defined (After comparison with
data source, this variable is actually
“Local governments expenditure,
agriculture, forestry and water
conservancy”. This could be an
error in dataset)

Not defined

(1) Official provincial

yearbooks;(2) “China Statistical
Data Compilation, 1949-2003"
for supplemental early records.

Same as above

Same as above

Same as above

Same as above

Same as above

Gross Domestic Product (GDP) refers to the final products at market prices
produced by all resident units in a country per year. For a region, it is called as
Gross Regional Product (GRP) or regional GDP.

Total investment in fixed assets divided by year-end population. Total
investment in fixed assets refers to the volume of activities in construction and
purchases of fixed assets and related fees, expressed in monetary terms (RMB)
during the reference period.

Retail Price Indices reflect the trend and degree of change in retail prices of
commodities during a given period. The change in retail prices of commodities
is related to government revenue, the equilibrium of market supply and demand,
and the ratio of consumption to accumulation.

Local governments general budgetary revenue divided by year-end population.
The revenue includes total tax revenue and total non-tax revenue, excluding the
receipts of domestic and foreign debts.

Agricultural expenditure items of local general budget expenditure. It refers to
the government's agriculture, forestry and water affairs expenditures, including
spending on agriculture, forestry expenditures, water expenditures, poverty
alleviation expenditures and agricultural comprehensive development
expenditures.

Output of grain crops divided by year-end population. Output of grain crops
refers to the total output of grain by agricultural production operator in calendar
year. According to the harvest season, it includes summer grain, early rice and
autumn grain. According to crop varieties, it includes cereals, potatoes and

Same as 1950-

80 data source

Same as above

Same as above

Same as above

Same as above

Same as above
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beans.

Production of fruit Not defined Same as above Output of fruits divided by year-end population. Output of fruits refer to fruits of Same as above
per capita (10,000 trees and vines produced by agricultural producer within the calendar year.
tons)
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Table C.6 Definitions and data sources of sanitary campaign variables

Variable

Definition (1950-80)

Data source (1950-80)

Definition
(1981-2017)

Data source for updating (1981-2017)

Monitoring-water
quality

Monitoring-disease
prevention

Monitoring-food
quality

Provision of clean
drinking water

Sanitary campaigns-
against dysentery

Sanitary campaigns-
against typhoid

Sanitary campaigns-
against diarrhoea

Patriotic Public

Not defined

Not defined

Not defined

Not defined

Not defined

Not defined

“Combined intensive environmental management, including indoor
residual insecticide spraying and the control of larval breeding sites,
with mass chemoprophylaxis and treatment

for infected individuals”

“Focusing on sanitation; refuse removal; latrine construction; the
composting of human excrement (‘night soil’) to reduce the

The authors obtained, coded,
and digitized annual data
contained in the Weishengzhi,
which comprise compilations of
historic public health records.

Same as above

Same as above

Same as above

Same as above

Same as above

Same as above

Same as above

Same as
1950-80
definition

Same as
above

Same as
above

Same as
above

Same as
above

Same as
above

Same as
above

Same as

“Public health in China: implementation (national
report)”. Surveillance system for specific infectious
diseases was established in 1978. The functions
include monitoring infectious disease epidemic,
food and water monitoring and disease control
effort. So this variable was coded “1” in all
provinces since 1980.

Same as above

Same as above

Same as above

Same as above

Same as above

Same as above

Same as above
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Hygiene concentration of intestinal parasites before its use as fertilizer; and above
the eradication of the ‘four pests’ of rats, flies, mosquitoes, and
bedbugs.”
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Table C.7 Definitions and data sources of vaccination variables

Variable Definition (1950-80) Data source (1950-80) Definition Data source for updating (1981-2017)
(1981-2017)
Pertussis “Systematic efforts to vaccinate the The authors obtained, coded, Same as The Expanded Program on Immunization was launched in 1978. Diphtheria-tetanus-
Vaccination population against pertussis” and digitized annual data 1950-80 pertussis vaccine (DTwP) vaccine has been routinely administered to all infants. So
contained in the Weishengzhi,  definition this variable was coded “1” in all provinces since 1980.
which comprise compilations of
historic public health records.
Diphtheria “Systematic efforts to vaccinate the Same as above Same as Same as above
Vaccination population against diphtheria” above
Smallpox “Systematic efforts to vaccinate the Same as above Same as The eradication of smallpox in China was achieved in the 1950s. This variable was
Vaccination population against smallpox” above coded “0” since 1980.
Typhoid “Systematic efforts to vaccinate the Same as above Same as National Immunization Program was implemented in 1982, setting out population
Vaccination population against typhoid” above prevention and immunization covering typhoid. So this variable coded “1” from 1982
onwards. There was no relevant intervention in 1981 based on the yearbook
database searching results. So this variable was coded “0” in 1981.
Meningitis “Systematic efforts to vaccinate the Same as above Same as National Immunization Program was implemented in 1982, setting out population
Vaccination population against meningitis” above prevention and immunization covering meningitis. So this variable coded “1” from
1982 onwards. There was no relevant intervention in 1981 based on the yearbook
database searching results. So this variable was coded “0” in 1981.
Cholera “Systematic efforts to vaccinate the Same as above Same as In 1987 “Frontier health and quarantine law of the People's Republic of China” was
Vaccination population against cholera” above formulated in order to prevent infectious disease including cholera. So this variable
was coded “1” from 1987 afterwards. According to yearbook database searching
results, between 1981 and 1986, this variable was coded “1” in Liaoning province in
year 1985 and 1986. The remaining was coded “0”.
Measles “Systematic efforts to vaccinate the Same as above Same as The Expanded Program on Immunization was launched in 1978. Measles vaccine
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Vaccination population against measles” above has been routinely administered to all infants. So this variable was coded “1” in all
provinces since 1980.

Tuberculosis “Systematic efforts to vaccinate the Same as above Same as The Expanded Program on Immunization was launched in 1978. Bacillus Calmette-
Vaccination population against tuberculosis” above Guerin vaccine has been routinely administered to all infants. So this variable was
coded “1” in all provinces since 1980.
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Table C.8 Definitions and data sources of mosquito vector control variables and other infectious disease control variables

Variable

Definition (1950-80)

Data source (1950-80)

Definition
(1981-2017)

Data source for updating (1981-2017)

Mosquito vector control

Dengue
prevention

Campaign
against
malaria

Malaria
prevention

Not defined

“Combined intensive environmental
management, including indoor residual
insecticide spraying and the control of
larval breeding sites, with mass
chemoprophylaxis and treatment for
infected individuals.”

Not defined

Other infectious disease control

Influenza
Meningitis

Tuberculosis

Not defined

Not defined

“Widespread vaccination and incorporated

drug treatment regimens and case
management”

The authors obtained, coded, and
digitized annual data contained in the

Weishengzhi, which comprise

compilations of historic public health

records.

Same as above

Same as above

Same as above

Same as above

Same as above

Same as 1950-
80 definition

Same as above

Same as above

Same as above

Same as above

Same as above

“Law of the People’s Republic of China on the prevention and
treatment of infectious diseases” was enacted in 1989, strengthening
disease surveillance. Dengue fever was covered. This variable was
coded “1” since 1989. Between year 1981 and 1988, no relevant
intervention was recorded in the provincial yearbooks. So this variable
was coded “0” from 1981 to 1988

Surveillance system for specific infectious diseases was established in
1978. The functions include monitoring infectious disease epidemic,
food and water monitoring and disease control effort. So this variable
was coded “1” in all provinces since 1980.

Same as above

Same as above
Same as above

Same as above
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Typhus Not defined Same as above Same as above Same as above
Pertussis Not defined Same as above Same as above Same as above
Polio Not defined Same as above Same as above The Expanded Program on Immunization was launched in 1978. Oral

poliovirus vaccine has been routinely administered to all infants. So
this variable was coded “1” in all provinces since 1980.
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Table C.9 Definitions and data sources of reproductive health variables and malnutrition variables

Variable Definition (1950-80) Data source (1950-80) Definition (1981-2017) Data source for updating (1981-2017)

Reproductive health

Contraception Not defined The authors obtained, Same as 1950-80 One-child policy was introduced in 1979. The policy was
coded, and digitized definition enforced by methods ranging from offering financial perks
annual data contained in for families in compliance and providing contraceptives to
the Weishengzhi, which implementing forced sterilizations and forced abortions. So
comprise compilations of this variable was coded “1” throughout the later years.
historic public health
records.
Midwifery “Modern midwifery campaigns, which Same as above Same as above China encouraged aseptic delivery from 1981. From 1995,
involves short but intensive training, the government started encouraging facility-based delivery.
emphasizing sanitary childbirth.” So this variable was coded “1” from 1981.

Malnutrition

Malnutrition Large-scale nutrition programmes Same as above Same as above China promoted systematic management of child healthcare

throughout the country from 1986 based on a regulation
“Requirements for urban and rural children's health work”,
focusing on malnutrition caused by poor feeding. The
variable malnutrition was coded “1” from 1986 onwards.
According to yearbook database searching results, between
1981 and 1985, this variable was coded “1” in Anhui
province in 1985. The remaining was coded “0”.
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Table C.10 Definitions and data sources of newly-added economic variables in 1950-2017 dataset

Variable

Definition

Data source

Gross domestic product per
capita(yuan) *

Consumer price index *

General budgetary expenditure
(100 million yuan)*

Subset of general budgetary
expenditure-culture, education,
science and health care combined
expenditure (100 million yuan)*

Subset of general budgetary
expenditure-general public
service expenditure (100 million
yuan)*

Subset of general budgetary
expenditure-social safety net and
employment effort(100 million

Ratio of the absolute value of GDP to the average population in that year, which is a measurement of each resident's
economic contribution or value creation of his country or region.

The degree of changes in prices of consumer goods and services purchased by urban and rural households during a
given period.

Local governments’ expenditures on general public services, national defence, public security, education, science and
technology, culture, sport and media, social safety net and employment effort, health care, environmental protection,
urban and rural community affairs, agriculture, forestry and water conservancy, transportation and other
expenditures.

Expenditure on culture, education, health care, science affair disbursed by local governments. Culture item includes
culture, heritage, sports, radio and television, journalism, publishing. Education item includes educational
administrative management, preschool education, primary education, secondary education, high school education,
general education, elementary vocational education, secondary education, technical education, vocational high school
education, vocational education, radio and television education, students education, special education, continuing
education of cadres and educational institutions services, Related matters were listed not exhaustively for science
and health care.(Notes: Data for the four items were reported separately from 2007.)

Expenditure on general public service disbursed by local governments. Related matters were not clear (Notes: This
variable was termed “Administration expenditure” before 2006.)

Expenditure on social security and employment disbursed by local governments. Related matters include social
security and employment management services, civil administration affairs, fiscal subsidies to social insurance funds
to supplement the national social security fund, retired administrative institutions, enterprise reform subsidies,

(1) Official provincial
yearbooks;(2) “China Statistical
Data Compilation, 1949-2003” for
supplemental early records. Both
sources were produced by the
National Bureau of Statistics.

Same as above

Same as above

Same as above

Same as above

Same as above
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yuan)* employment subsidies, pension, retirement resettlement, social welfare, disability human undertakings, urban
minimum living security, social assistance to other towns and rural social relief, natural disasters living allowance
and the Red Cross affairs

Notes: a) The data in value terms in the table are calculated at current prices;

b) The indices and growth rates of the follow indicators are calculated at comparable prices: Gross domestic product per capita, price index.
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Table C.11 Definitions and data sources of newly-added social development variables in 1950-2017 dataset

Variable

Definition

Data source

Length of railways in
operation(km)*

Length of navigable inland
waterway(km)*

Length of highways(km)*

Possession of civil vehicles
(20,000 units)*

Ownership of telephone
(including mobile telephone)
(set/100 persons)*

Total length of the trunk line for passenger and freight transportation in full operation or temporary operation calculated
the actual length of the period between the two stations. Any full or partial lane and above lines, are calculated in the
actual length of the first line; tracks, station lines, segments, branch lines and special purpose lines and does not
calculate shipping connecting lines of business mileage

Actual length of waterways at the end of reference period that are open to navigation for ships and rafts at different
water levels in the water areas of the natural rivers, lakes, reservoirs, canals, and ditches. It is calculated according to the
actual length of central line of the main channels. If two provinces share one river as the border, the length of waterways
will be half divided for each province. (Notes: Since 2004, inland waterways refers to navigable inland waterways.)

Actual length of highways at the end of reference period. It covers public roads running vehicles among cities, city and
rural areas, township(villages), highways passing through streets at small cities and towns, length of bridges and tunnels,
width of ferry piers. It does not include the length of streets in cities, dead end highways, the length of streets built for
agricultural(forest) production and inside factories(mines). It can only be calculated with the actual mileage having been
completed, checked and accepted or put into operation. If two or more highways go the same section of the way, the
length of the section is only calculated for once.(Notes: Length of highways include the village road since 2005.)

Total numbers of vehicles that are registered under the department of public security at the end of the reference period.

Average number of telephones per hundred possess in the total population of the administrative area during the reporting
period.

(1) Official provincial
yearbooks;(2) “China
Statistical Data Compilation,
1949-2003” for supplemental
early records. Both sources
were produced by the National
Bureau of Statistics.

Same as above

Same as above

Same as above

Same as above
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Radio Coverage Rate of the The percentage of population, which can receive central, provincial, city, prefecture, and county radio programs relayed  Same as above

Population (%)* by wireless, cable, satellite and other technical means, in the surveying area, to national total population
Television Coverage Rate of The percentage of population, which can receive central, provincial, city, prefecture, and county television programs Same as above
Population (%)* relayed by wireless, cable, satellite and other technical means, in the surveying area, to national total population
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Appendix D. Completeness of data in the longitudinal
dataset (1950-2017)

Table D.1 Availability of outcome data by province, 1950-2017

Under-five
Region Province Infant mortality rate 1-4 mortality rate mortality
rate
Hebei 1950-81: 1990: 2000: 1950-80; 1990; 2000;
Liaoning 2002; 2004; 2006; 2002; 2004; 2006;
2008; 2010; 2012-16 2008; 2010; 2012-16
1950-81; 2000: 2002: 1950-80; 2000; 2002;
Jiangsu 2004; 2006; 2008; 2004; 2006; 2008;
2010; 2012-16 2010; 2012-16 1950-80;
East — 1990-2017
Zh?_jlang 1950-81: 1990: 2000: 1950-80; 1990; 2000;
;‘1‘; 'sgon 2002; 2004; 2006; 2002; 2004; 2006;
g 2008; 2010; 2012-16 2008; 2010; 2012-16
Guangdong
. 1950-80; 1990; 2000- 1950-80; 1990; 2000-
Hainan 10; 2012-2016 10; 2012-2016
Shanxi 1950-81; 1990; 2000; 1950-80; 1990; 2000;
Jilin 2002; 2004; 2006; 2002; 2004; 2006;
Heilongjiang 2008; 2010; 2012-16 2008; 2010; 2012-16
1950-81; 1990; 2000; 1950-80; 1990; 2000;
Central Anhui 2002; 2004-08; 2010; 2002; 2004-08; 2010; 1950-80;
2012-16 2012-16 1990-2017
ﬂg:g;:' 1950-81; 1990; 2000; | 1950-80; 1990; 2000;
Aubei 2002; 2004; 2006; 2002; 2004; 2006;
2008; 2010; 2012-16 2008; 2010; 2012-16
Hunan
Inner
Mongolia
Guangxi
Guizhou 1950-81; 1990; 2000; 1950-80; 1990; 2000;
Yunnan 2002; 2004; 2006; 2002; 2004; 2006;
Shaanxi 2008; 2010; 2012-16 2008; 2010; 2012-16
Gansu_ 1950-80;
Western Q_lngh_au 1990-2017
Ningxia
1950-81; 1990; 2004; 1950-80; 1990; 2004;
Xinjiang 2006; 2008; 2010; 2006; 2008; 2010;
2012-16 2012-16
1950-81; 1990; 2002; 1950-80; 1990; 2002;
Sichuan 2004; 2006; 2008; 2004; 2006; 2008;
2010; 2012-16 2010; 2012-16
Tibet 1990; 2008; 2010; 2013 | 1990; 2008; 2010; 2013 | -

254




Table D.2 Availability of demographic data by province, 1950-2017

_ _ Total Per cent of | Per cent Death | Birth Natural
Region Province . male urban growth
population . - rate rate
population | population rate
Hebei
Liaoning
Jiangsu 1950-2017 19502017 1950-2017 1950-
Zhejiang 2017
Fujian 1952-2017 1952-2017
Shandong
1950- | 1950- iggg
2017 | 2017 '
Fast 1957:
1950-89; 1962;
Guangdong 1950-2017 | 2000; 1950-2017 1965;
2005-17 1970;
1975;
1978-
2017
Hainan 1950-2017 1957; 1961-65; 1970-2017
?H;ﬂx' 1950-2017
Heilongiian 1950-2017 7954 T 1950- | 1954-
gpiang 2017 | 2017 | 2017
Anhw_ 1952-2017 1950-2017
Jiangxi
Central | Henan 1950-2017 1954-2017
1950;
Hubei 1950-2017 Too
1950-2017 2017
1950-
Hunan 2017
1952;
Inner 1957;
Mongolia 1965: 1954-2017
1970-2017
Guangxi
Guizhou 1950-2017
Yunnan
1954-
. 99; 1953- | 1954-
Shaanxi 1950-2017 2001- | 2017 | 2017
17
1950-2017 1956-58;
Western | ©3Ms 1061-2017 | 19°0-2017
Qinghai 1952-2017 poal
—— 1950-2017
Ningxia
Xinjiang
1957;
1962; 1950-2017
Sichuan 1965;
1970;
1975;
1978-2017
. 1959-80;
Tibet 2000-17 1959-2017 1965-2017
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Table D.3 Availability of education and public health campaign data by

province, 1950-2017

Redi . Prlma_ry Secondary education PCA score for public
egion Province education - .
. enrolment ratio health campaign
enrolment ratio
Hebei 1950-2017
Liaoning 1980-2017
Jiangsu
Zhejiang 1950-2017
Fujian 1950-2017
East Shandong 1950-69; 19712004, | +000-2017
2009-17
Guangdong 1950-53; 1957-66;
1970; 1973-2017
Hainan 1983-2017 1984; 1988-2017
Shanxi 1950-2017
Jilin 1950-68; 1971-2017
Heilongjiang | 1950-2017
Central [-A0NUL 1950-2017 1950-2017
Jiangxi
Henan 1950-65; 1970-2017
Hubei 1950-2017
Hunan
Inner 1952; 1957; 1965;
Mongolia 1975; 1978-2017 1950-2017
Guangxi
Guizhou 1950-2017 1950-2017 No record
Yunnan 1950-69; 1971-2017
Shaanxi 1950-2017
Western ngsu -
Qinghai 1952-2017 1956-2017
Ningxia 1954-2017 1958-2017 1950-2017
Xinjiang 1950-2017
1952; 1957;
Sichuan 1965-66; 1970- 1972-2017
2017
Tibet 1982-2017 No record

Notes: public health campaigns include six indices: sanitary campaigns, early vaccination

campaigns, reproductive health programme, efforts to control mosquito-borne diseases,

campaigns against other infectious diseases and malnutrition intervention.

2

56




Table D.4 Availability of health system input data by province, 1950-2017

. . Hospital bed Doctor Health . Hospital
Region Province - - professional .
density density densi density
ensity
Hebei 1950-2017
Liaoning 1950; 1952; 1957; 1965; 1970; 1975; 1970-2017
Jiangsu 1950-2017
. 1950-65; 1970- )
East Zhejiang 2017 1950-2017 1950-65; 1970-2017
Fujian 1950-2017
Shandong 1950-60; 1962; 1965; 1970; 1972-2017
Guangdong 1950; 1952; 1957, 1962; 1965; 1970; 1975, 1978-2017
Hainan 1950-66; 1972-2017
inﬁ:‘x' 1950-2017 1950-2017
. . . 1950-60;
Heilonaiian 1825 18% ig%_ 1962-67; 1952; 1957; 1962; 1965;
gpiang 017 1970;1971; | 1970; 1978-2017
1978-2017
Central | Anhui_ 1950-2017 1950-2017
Jiangxi
. 1950-99;
Henan 1952799’ 2001- 2001-2004; 1952-99; 2001-2004; 2008-17
2004; 2008-17
2008-17
Hubei 1950-2017 1950-2017
Hunan
Inner . . . . .
. 1952; 1957; 1965; 1970; 1975; 1978-2017
Mongolia
Guangxi 1950-65; 1969; 1970; 1972-2017
Suizhou 1950-2017
Yunnan
Shaanxi 1952-2017
Gansu 1950-2017
Western | Qinghai 1952; 1957-2017
Ningxia 1958-2017
Xinjiang 1950-2017
1952; 1957,
. 1962; 1965;
Sichuan 1978-2017 1970- 1975 1978-2017
1978-2017
Tibet 1959-2000; 2004; 2008-17
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Table D.5 Availability of socioeconomic data by province, 1950-2017

Local
Investment | General
Gross - . governments | Local
. . . in fixed Retail
Region Province Domestic assets per Price general Revenue
Product P budgetary per head
head Index
revenue
Hebei 10502017 | 130
1951-2017 2017
Liaoning 1950-2017 1952-2017
Jiangsu
Zhejiang 1952- 19532017 | 19°0-2017 ;gig
Fujian 2017 1952-2017 1995-2017
East Shandong 1950-2017
1952; 1957;
Guanadon 1950-2017 | 19°1-2017 1962; 1965; 1950-
gdong 1970: 1975; | 2017
1978-2017
. 1978-
Hainan 5017 1952-2017 | 1979-2017 | 1952-2017
Shanxi 1950-2017
Jilin 1951-2017 | 1952-2017
Heilongjiang 1952-2017
Anhui 1960-66: | 1950.2017 | 1952
Central 1952- 19502017 | 1971-2017 2017
Jianaxi 2017 1951-67;
Y 1971-2017 | 1950-2017
Henan 1957-2017
Hubei 1953-2017
Hunan 1951-2017 =950 2017
Inner 1951-2017 | 1952-2017
Mongolia
1952;
1957;
1962;
Guangxi 1965;
1970;
1975. 1950-2017
195 1978-2017
Guizhou 2017’ 1950-2017
West Yunnan 1951-2017
estern Shaanxi
1951-65;
Gansu 1972-2017
Qinghai 1951-2017
Ningxia 1958-2017 | 1950-2017
Xinjiang 1951-2017 | 1950-2017
. 1952; 1957; 1962; 1965; 1978-
Sichuan 1970- 1975, 1978-2017 | 1989-2017 2017
1951-80;
. | 1959-80; 1959-80;
Tibet %gsﬁ- 2000-17 1990-2017 | 1952-2017 2000-17
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Table D.5 (continued) Availability of socioeconomic data by province,

1950-2017
Total Gross
Region Province agricultural Production of | Production of Domestic
9 production grain per head | fruit per head Product
per head per capita
Hebei 1950-2017 1952-80; 1996-
2L/ 1952-2017
Liaoning 1952-2017 1950-80; 1996-
Jiangsu 1950-2017 1950-2017 i(g)%go T
Zhejiang ' 1950-2017
1951-2017 2017
Fujian 1952-2017 1902-80; 1996-
East 1952-2017
1950-80; 1996-
Shandong 1950-2017 2017
1979; 1980; 1952-80; 1996-
Guangdong 1994-2017 2017 1950-2017
oy [ 21T
Hainan 1965-2017 1970-80: 1996- 1978-2017
2017
. 1950-80; 1996-
Shanxi 1950-2017 2017
1954-63; 1965-
Jilin 1952-2017 1980; 1996-
2017 1952-2017
Heilonaiian 1952-80; 1998- 1952-61; 1970-
Central anang | o017 80; 1996-2017
Anhui 1978-80;1990- | 1950.2017 1950-80; 1996-
2017
- - 2017
Jiangxi
1950-2017 1952-80; 1996- 1950-2017
Henan
2017
Hubei 1953-2017 1950-80; 1996-
Hunan 1950-2017 2017 1952-2017
Inner 1980; 1996-
Mongolia 1950-2017 2017 1952-2017
Guangxi 1952-80; 1996-
Guizhou 1952-2017 2017
1953-58; 1963; | 1950-2017
Yunnan 1970-80; 1996-
1950-2017 2017
. 1950-80; 1996-
Shaanxi
2017 1952-2017
Gansu 1979; 1980; 1950-65; 1970-
1987-2017 1950-2017 80; 1996-2017
1950-63; 1967;
Qinghai 1950-2017 1971-1980; 1950-2017
Western 1996-2017
1950-65; 1971-
Ningxia 1958-2017 1980; 1996-
2017
Xinjiang 1950-2017 1950-80; 1996-
2017 1952-2017
. . 1952; 1957,
1952; 1957; 1962- 1965-
. 1978-80; 1994- | 1962; 1965; : !
Sichuan ! ! 1970; 1975;
2017 1970; 1975; .
1978.2017 1978-80; 1996-
2017
. 1959-80; 2000- | 1978-80; 2000-
Tibet 1952-2017 17 2017 1951-2017
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Table D.5 (continued) Availability of socioeconomic data by province,

1950-2017
Culture,
General ed_ucatlon, General public Sub3|(_j|es
: - science and : to social
Region Province budgetary service) .
- health . security
expenditure . expenditure
expenditure programs
combined
Hebei 1950-2017 1950-2008
Liaoning 1952-2017 1952-2008 1998-2017
Jiangsu 1950-2008
Zhejiang 1986-2017
Fujian 1950-2017 1950-2008 2000-17
East Shandong 1979-2008
1952; 1957;
1962; 1965;
Guangdong 1970; 1975. 1988-2008 1998-2017
1978-2017
Hainan 1952-2017 1952-2008
jir;?nnm 1950-2017 1950-2008 1998-2017
Heilongjiang 1952-2017 1952-2008 1952-2017
Central Anhui 1990-2017
Jiangx] 1950-2017 1950-2008 1998-2017
Henan
Hubei 1953-2017 1953-2008 2001-2017
Hunan 1950-2017 1950-2008 1998-2017
Inner 1950-2008 1995-2017
Mongolia
Guangxi 1950-2006 1998-2017
Guizhou 1951-2017
Yunnan 1950-2017 1950-2008 1998-2017
West Shaanxi
ST "Gansu 1987-2017
Qinghai 1951-2008 i
Ningxia 1950-2008 1950-2008 1998-2017
Xinjiang 2000-17
Sichuan 1985-2017 1994-2008 1985-2008 1998-2017
Tibet 1952-2017 1952-2008 1991-2017

260




Table D.5 (continued) Availability of socioeconomic data by province,

1950-2017
Length of
. . Le_ngth of navigable Length of Nu_mber_of
Region Province railways in - . civil vehicles
! inland highways
operation owned
waterway
. 1978-1985;
Hebei 1952-2017 1990-2008 1952-2017
1952; 1956-
Liaoning 1961; 1963- | 1950-2017
2017
1952; 1953;
. 1957; 1962; 1952-
Jiangsu 1952-2017 1965- 1970; 2017 1961-2017
1974-2017
Zhejiang 1952; 1957; 1962; 1965; 1970; 1975; 1978-
East ) 2017 1979-2017
Fujian 1956-2015 1950-2015
Shandong 1950-2017
1952; 1957,
Guanadon 1950-2017 1950-2017 1950- 1962; 1965;
gdong 2017 1970; 1975;
1978-2017
1965; 1970;
. 1975; 1978-80;
Hainan 1958-2017 1085 1987: 1950-2017
1990-2017
Shanxi 2007-17
Jilin 1950-2017 1978-2017 1950-2017
. . 1950- 1979-1998;
Heilongjiang 1952-2017 1950-2017 2017 2000-17
Anhui 1950-2015 1950- 1950-2017
Central 2015
Jiangxi 1978; 1980; 1985-2017 o 1978-2017
Henan 1950-2017
Hubei 1952; 1957; 1962; 1965; 1970; 1975; 1978-2017
Hunan 1950-2017
Inner M_ongolla 1950-2017 1987-2017 1950- 1953-2017
Guangxi 1978-2017 2017 1978-2017
Guizhou 1957-2017
Yunnan 1950-2017
Shaanxi
Gansu 1950-2015 1999-2015 1950-2017
Western | Qinghai 1959-2017 2009-17 1950- 1951-2017
Ningxia 1958-2017  [2220-2017 2015 1950-2017
Xinjiang .
. . 1952;
Sichuan 1950-2017 1952; 1957, 1957- 1979-2017
1963-2017
2017
Tibet 2007-17 1954-2017
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Table D.5 (continued) Availability of socioeconomic data by province,

1950-2017
Radio coverage Television
Region Province Ownership of telephone | rate of the coverage rate of
population the population
Hebei 1952-1994; 1996-2008; 1980-2008;
2010-17 1980-2008; 2010- | 2010-17
o ] 17 1978; 1980-
Liaoning 2000-08; 2010-17 2008: 2010-17
. , 1981-2008; 2010- | 1960-2008;
Jiangsu 1978-2008; 2010-17 17 2010-17
1952; 1962; 1965; 1970;
Zhejiang 1975; 1980; 1985; 1988; | 2000-08; 2010-17
East 1990-2008; 2010-17
Euiian 2000-17 1980-2008; 2010- | 1978; 1980-
) 17 2008; 2010-17
, 1960-1962;
Shandong | 2002-08; 2010-17 108-2008: 2010 | 1969.2008;
2010-17
1965; 1975; 1978-2008; ,
Guangdong 2010.17 1980-2008; 2010-17
. , 1991-2008; 2010- | 1985-2008;
Hainan 1953-2008; 2010-17 17 2010-17
Shanxi 1954-2008; 2010-17 1978-2008; 2010-17
Jilin 1950-1998; 2001-17 1980-2008; 2010-17
. . .| 1952; 1957; 1962; ,
Heilongjiang 28231117990, 1995-2008; 1965; 1978-2008; ;gig:igos,
2010-17
19505 19525 19543 1960: 1965;
1955; 1959; 1960; : :
Anhui 1965.67; 1970; | +970; 1975,
1950-2008; 2010-17 ol .. | 1978-2008;
Central 1975; 1978-2008; | 5010.17
2010-17
Jiangxi 1980-2008; 2010-17
, 1950-2008; 2010- | 1969-2008;
Henan 1960-2008; 2010-17 17 2010-17
1952; 1957; 1962; . .
Hubei 1997-99; 2001-08; 1965; 1970; 1975; | 1000 1970
2010-17 1378-2008; 2010- 2008, 2010-17
Hunan 1999-2008; 2010-17 1985-2008; 2010-17
Inner 1952; 1957; 1958; 1965;
. 1970; 1975; 1978-2008; | 1980-2008; 2010-17
Mongolia 2010-17
Guanaxi 1978; 1980; 1985-2008; 1970-2008;
g 2010-17 1950-2008; 2010- | 2010-17
. , 17 1968-2008;
Guizhou 1978-2008; 2010-17 2010-17
Yunnan 1965-2008; 2010- | 1969-2008;
1950-2008; 2010-17 17 2010-17
Shaanxi 1985-2008; 2010-17
Western 1952; 1953; 1956;
, 1962; 1965; 1976; | 1970-73; 1980-
Gansu 1995-2018;2010-17 | 197g’ 1980.2008; | 2008; 2010-17
2010-17
Qinghai Jo00; 1995:2000-08: | 1978, 1080; 1085-2008; 2010-17
Ninaxia 1975; 1978; 1980; 1978, 1980-2008; | 1978-2008;
g 1985-2004; 2010-17 2010-17 2010-17
Xinjiang 1993-2008; 2010-17 1995-2008; 2010-17
. , 1950-2008; 2010- | 1960-2008;
Sichuan 1990-2008; 2010-17 17 2010-17
Tibet 2008; 2010-17 1985; 1987-2008; 2010-17
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Appendix E. Comparison of mortality data from different sources
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Figure E.1 The infant mortality rate from 1981 onward

Notes: MCHSS is short for Maternal and Child Health Surveillance System.
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Figure E.2 Data of the infant mortality rate for Anhui from 1981 onwards

Notes: Observations from the same data series joined by lines and each colour identifying

different data sources. MCHSS is short for Maternal and Child Health Surveillance

System.
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Figure E.3 Data of the infant mortality rate for Fujian from 1981 onwards
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Figure E.4 Data of the infant mortality rate for Gansu from 1981 onwards

o |

A
m
i -
i
B o
o A
20 |
o -
b4 A
o—
=
Q
1=
8o | G MCHSS
o~ © A Census
=
= )
£
o o
£
S0 o
Q
b A O 00
O 0
c

o —

T T T T T
1981 1990 2000 2010 2016
year

Figure E.5 Data of the infant mortality rate for Guangdong from 1981
onwards
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Figure E.6 Data of the infant mortality rate for Guangxi from 1981
onwards
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Figure E.7 Data of the infant mortality rate for Guizhou from 1981
onwards

266



0

=
Nalep]
£ A
< o}
(]
=
o
<
~

o
5N ] ©
o
T A © MCHSS
g0
o o A Census
=
= o]
o
S

o |
E~ 00,
e
& A o0
-
c
O
£

o -

T T T T T
1981 1990 2000 2010 2016

year

Figure E.8 Data of the infant mortality rate for Hainan from 1981 onwards

A
o

—~0 |
2N
=
O
[] © 0
=
= o
o
oW -
QF O
=
g
:q}’ & o MCHSS
T o
fo_ o A Census
2 A 0
©
€ o
o
£
S 00
o
(&)
= A
O
=

o -

T T T T T
1981 1990 2000 2010 2016
year

Figure E.9. Data of the infant mortality rate for Hebei from 1981 onwards
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Figure E.10 Data of the infant mortality rate for Heilongjiang from 1981
onwards
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Figure E.11 Data of the infant mortality rate for Henan from 1981
onwards
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Figure E.12 Data of the infant mortality rate for Hubei from 1981 onwards
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Figure E.13 Data of the infant mortality rate for Hunan from 1981
onwards
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Figure E.14 Data of the infant mortality rate for Inner mongolia from 1981
onwards
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Figure E.15 Data of the infant mortality rate for Jiangsu from 1981
onwards
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Figure E.16 Data of the infant mortality rate for Jiangxi from 1981
onwards
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Figure E.17 Data of the infant mortality rate for Jilin from 1981 onwards
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Figure E.18 Data of the infant mortality rate for Liaoning from 1981

onwards
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Figure E.19 Data of the infant mortality rate for Ningxia from 1981

onwards
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Figure E.20 Data of the infant mortality rate for Qinghai from 1981

onwards
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Figure E.21 Data of the infant mortality rate for Shaanxi from 1981

onwards
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Figure E.22 Data of the infant mortality rate for Shandong from 1981

onwards
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Figure E.23 Data of the infant mortality rate for Shanxi from 1981

onwards
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Figure E.24 Data of the infant mortality rate for Sichuan from 1981

onwards
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Figure E.25 Data of the infant mortality rate for Tibet from 1981 onwards
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Figure E.26 Data of the infant mortality rate for Xinjiang from 1981
onwards
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Figure E.27 Data of the infant mortality rate for Yunnan from 1981
onwards
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Figure E.28 Data of the infant mortality rate for Zhejiang from 1981
onwards
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Figure E.29 The under-5 child mortality rate from 1981 onwards

Notes: Observations from the same data series joined by lines and each colour identifying different data sources. MCHSS is short for Maternal and Child Health Surveillance System. GBD is

short for global burden disease.
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Figure E.30 Data of the under-5 child mortality rate for Anhui from 1981
onwards

Notes: GBD is short for global burden disease.
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Figure E.31 Data of the under-5 child mortality rate for Fujian from 1981
onwards
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Figure E.32 Data of the under-5 child mortality rate for Gansu from 1981
onwards
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Figure E.33 Data of the under-5 child mortality rate for Guangdong from
1981 onwards
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Figure E.34 Data of the under-5 child mortality rate for Guangxi from

1981 onwards
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Figure E.35 Data of the under-5 child mortality rate for Guizhou from

1981 onwards
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Figure E.36 Data of the under-5 child mortality rate for Hainan from 1981
onwards
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Figure E.37 Data of the under-5 child mortality rate for Hebei from 1981
onwards
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Figure E.38 Data of the under-5 child mortality rate for Heilongjiang from
1981 onwards
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Figure E.39 Data of the under-5 child mortality rate for Henan from 1981
onwards
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Figure E.40 Data of the under-5 child mortality rate for Hubei from 1981
onwards
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Figure E.41 Data of the under-5 child mortality rate for Hunan from 1981
onwards
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Figure E.42 Data of the under-5 child mortality rate for Inner mongolia
from 1981 onwards
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Figure E.43 Data of the under-5 child mortality rate for Jiangsu from 1981
onwards
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Figure E.44 Data of the under-5 child mortality rate for Jiangxi from 1981
onwards
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Figure E.45 Data of the under-5 child mortality rate for Jilin from 1981
onwards
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Figure E.46 Data of the under-5 child mortality rate for Liaoning from
1981 onwards
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Figure E.47 Data of the under-5 child mortality rate for Ningxia from 1981
onwards
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Figure E.48 Data of the under-5 child mortality rate for Qinghai from 1981
onwards
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Figure E.49 Data of the under-5 child mortality rate for Shaanxi from 1981
onwards
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Figure E.50 Data of the under-5 child mortality rate for Shandong from

1981 onwards
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Figure E.51 Data of the under-5 child mortality rate for Shanxi from 1981

onwards
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Figure E.52 Data of the under-5 child mortality rate for Sichuan from 1981
onwards
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Figure E.53 Data of the under-5 child mortality rate for Tibet from 1981
onwards
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Appendix F. Descriptive analysis of all the variables in the longitudinal dataset 1950-2017
Table F.1 Summary statistics of the outcome variables at the start (1950) and the end (2016/2017) of the study period

Region . IMR IMR Proportion of reduction Proportion of years USMR USMR Proportion of reduction Proportion of years with

Province (1950) (2016) in the IMR from 1950 to  with data available for ~ (1950) (2017) in the USMR from 1950  data available for the USMR
2016 (%) the IMR to 2017 (%)

East Hebei 153.9 5.6 96.4 100% 200.0 13.0 935 100%
Liaoning 155.8 4.6 97.0 100% 1948 7.0 96.4 100%
Jiangsu 164.4 3.0 98.2 100% 246.6 7.0 97.2 100%
Zhejiang 196.7 2.8 98.6 100% 2705 7.0 97.4 100%
Fujian 120.0 3.7 96.9 100% 180.0 7.0 96.1 100%
Shandong 236.8 4.5 98.1 100% 263.2 10.0 96.2 100%
Guangdong 189.2 2.0 98.9 100% 2703 7.0 97.4 100%
Hainan 200.0 6.2 96.9 100% 400.0 16.0 96.0 100%

Central Shanxi 197.7 6.5 96.7 100% 244.2 12.0 95.1 100%
Jilin 200.0 3.9 98.1 100% 2154 9.0 95.8 100%
Heilongjiang 184.6 7.2 96.1 100% 292.3 12.0 95.9 100%
Anhui 250.0 4.5 98.2 100% 333.3 12.0 96.4 100%
Jiangxi 213.1 6.0 97.2 100% 360.7 16.0 95.6 100%
Henan 180.6 4.1 97.7 100% 263.9 13.0 95.1 100%
Hubei 231.9 5.6 97.6 100% 333.3 12.0 96.4 100%
Hunan 226.4 3.8 98.3 100% 330.2 9.0 97.3 100%

Western Inner Mongolia 195.4 6.1 96.9 100% 2989 13.0 95.7 100%
Guangxi 368.4 4.2 98.9 100% 500.0 12.0 97.6 100%
Guizhou 260.9 7.9 97.0 100% 369.6 18.0 95.1 100%
Yunnan 277.8 105 96.2 100% 472.2 17.0 96.4 100%
Shaanxi 302.3 6.5 97.8 100% 3954 15.0 96.2 100%
Gansu 215.9 5.6 97.4 100% 340.9 20.0 94.1 100%
Qinghai 228.6 11.0 95.2 100% 285.7 20.0 93.0 100%
Ningxia 197.5 7.3 96.3 100% 2346 21.0 91.0 100%
Xinjiang 244.9 194 92.1 98% 387.8 28.0 92.8 100%
Sichuan 256.8 6.0 97.7 98% 337.8 15.0 95.6 100%
Tibet - - - 7% - 36.0 - 48%

293



Table F.1 (Continued)

Region ) Proportion of reduction ~ Proportion of years
Province CMR1-4 (1950) CMR1-4 (2016) i, the CMR1-4 from with data available
1950 to 2016 (%) for the CMR1-4
East Hebei 54.5 8.5 84.4 100%
Liaoning 46.2 2.4 94.8 100%
Jiangsu 98.4 4.0 95.9 100%
Zhejiang 91.8 5.2 94.3 100%
Fujian 68.2 4.4 935 100%
Shandong 34.5 5.5 84.1 100%
Guangdong 100.0 6.0 94.0 100%
Hainan 250.0 10.8 95.7 100%
Central  Shanxi 58.0 6.5 88.8 100%
Jilin 19.2 5.1 73.4 100%
Heilongjiang 132.1 5.8 95.6 100%
Anhui 1111 8.5 92.3 100%
Jiangxi 187.5 111 94.1 100%
Henan 101.7 8.9 91.2 100%
Hubei 132.1 7.4 94.4 100%
Hunan 134.1 6.3 95.3 100%
Western Inner Mongolia 128.6 7.9 93.9 100%
Guangxi 208.3 8.9 95.7 100%
Guizhou 147.1 12.2 91.7 100%
Yunnan 269.2 7.6 97.2 100%
Shaanxi 133.3 9.6 92.8 100%
Gansu 159.4 16.5 89.6 100%
Qinghai 74.1 12.2 83.5 100%
Ningxia 46.2 9.8 78.8 100%
Xinjiang 189.2 10.8 94.3 98%
Sichuan 109.1 11.1 89.8 98%
Tibet - - - 7%
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Table F.2 Summary statistics of all the variables in the longitudinal dataset 1950-2017

Variable 1950 1960 1970 1980 1990 2000 2010 2017

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Outcome variables
Infant mortality rate 217.3 51.1 118.3 53.2 52.0 17.5 44.9 21.8 33.9 20.3 23.5 9.2 11.3 5.1 - -
Mortality rate aged 1-4 118.6 64.1 53.9 34.7 21.9 13.6 13.4 10.4 23.6 16.5 13.2 12.2 8.9 6.5 - -
Under-5 child mortality 308.5 81.7 164.6 74.0 72.6 28.5 575 30.8 55.5 29.4 37.4 17.9 20.1 9.5 14.1 6.6
rate
Demographic variables
Total Population 1968.5 1333.4 2274.2 1469.8 2880.8 1820.4 3437.4 2098.3 4129.3 2349.1 4416.7 2668.5 4627.3 2814.8 4800.5 2933.1
Per cent of population - - 6.2 1.0 6.2 1.0 7.0 1.1 7.9 1.3 9.8 1.4 12.5 2.2 14.4 3.0
over 60
Per cent of population - - 13.0 1.2 16.0 1.7 9.9 1.9 10.6 1.2 6.0 1.6 5.9 1.3 5.8 1.6
under 5
Per cent of male 51.5 1.4 52.0 2.1 51.3 1.0 51.2 0.7 51.4 0.7 51.4 1.0 51.3 0.6 51.1 1.0
Per cent of urban 121 5.4 21.2 10.1 15.2 7.3 17.6 8.0 21.7 9.0 33.1 9.5 47.1 10.0 55.8 8.5
Crude death Rate 15.7 3.4 24.9 16.0 7.3 1.4 6.2 1.0 6.8 0.8 6.1 0.7 5.9 0.6 6.2 0.8
Birth Rate 33.6 4.5 21.7 6.6 33.1 4.7 18.8 3.7 22.0 3.1 13.6 3.4 11.8 25 12.6 2.9
Natural growth rate 175 4.1 -2.4 21.6 25.6 4.4 12.5 3.9 15.1 2.9 7.3 34 5.9 2.6 6.4 3.2
Education variables
Primary education 0.4 0.4 0.6 0.2 0.6 0.2 1.0 0.1 1.0 0.1 11 0.2 11 0.1 21 1.9
enrolment ratio
Secondary education 0.02 0.01 0.2 0.1 0.2 0.1 0.3 0.1 0.3 0.1 0.5 0.2 0.9 0.1 1.1 0.5

enrolment ratio
Health system input variables

Hospital bed density 2.2 15 19.6 9.7 16.2 6.9 23.8 8.0 26.9 8.3 25.4 6.6 35.5 6.7 57.3 7.4
Doctor density 3.1 25 8.2 2.0 9.2 25 12.7 3.6 16.2 3.8 16.7 3.9 17.9 4.1 24.0 3.1
Health professional 4.8 4.0 22.0 6.4 18.6 4.9 29.7 8.5 35.7 9.3 35.6 8.4 43.3 9.1 63.9 8.0
density

Health institution density 0.1 0.1 5.8 3.2 1.7 0.8 2.1 1.1 2.1 0.9 2.8 0.9 7.3 2.1 7.5 2.2

Note: SD means standard deviation. The most recent estimates of infant mortality rate for the included provinces are from 2016. The mean of infant mortality in 2016 is 6.1 deaths per
1,000 live births (SD 3.4). The mean of child mortality aged 1-4 in 2016 is 8.2 deaths per 1,000 children surviving to age one (SD 3.1).
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Table F.2 (continued) Summary statistics of all the variables in the longitudinal dataset 1950-2017

1950 1960 1970 1980 1990 2000 2010 2017

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Socio-economic development variables
Gross domestic product (100 million - - 48.6 32.8 66.0 40.3 139.0 925 644.4 4273 3232.1 26984 143931 121309 27797.0 23705.6
yuan)
Investment in fixed assets (current 0.0002 0.0003 0.007 0.004 0.004 0.002 0.008 0.004 0.04 0.02 0.2 0.1 2.0 0.7 4.6 1.4
price) per capita
Local revenue per capita (100 million ~ 0.0007 0.0003 0.006 0.004 0.004 0.002 0.006 0.005 0.02 0.005 0.04 0.02 0.3 0.1 0.6 0.2
yuan)
Total agricultural production per 0.03 0.04 1.2 0.6 0.5 0.3 2.7 1.2 5.9 3.1 21.6 12.1 264.1 105.3 613.0 2134
capita (10,000 tons)
Production of grain per capita (10,000 0.3 0.1 0.2 0.05 0.3 0.1 0.3 0.1 0.4 0.1 0.4 0.1 0.4 0.3 0.5 0.4
tons)
Production of fruit per capita (10000 0.01 0.01 0.01 0.01 0.01 0.005 0.01 0.01 - - 0.05 0.04 0.2 0.1 0.2 0.1
tons)
General budgetary expenditure (100 0.5 0.3 12.5 5.7 9.1 4.3 18.5 8.3 79.4 345 334.7 211.7 2399.2 1255.0 5601.4 3026.7
million yuan)
Culture, education, science and health  0.05 0.04 1.4 0.9 1.2 0.7 45 2.2 17.8 8.9 78.6 51.3 - - - -
care combined expenditure (100
million yuan)
General public service expenditure 0.2 0.1 0.9 0.4 0.8 0.4 2.1 1.0 75 3.1 344 19.7 - - - -
(100 million yuan)
Social safety net and employment - - 0.9 1.2 0.6 0.7 1.6 1.6 2.9 4.1 16.8 14.0 284.0 140.1 762.7 379.6
effort (100 million yuan)
Gross domestic product per 70.0 19.2 2275 1174 2342 78.0 4116 1250 1537.3 4535 6939.3 2864.2 29012.7 111779 53648.7 18662.9
capita(yuan)
Length of railways (1,000 km) 0.8 0.6 1.3 1.0 15 1.1 1.9 1.2 2.2 14 2.6 1.5 3.2 1.7 45 2.3
Length of navigable inland waterway
(1,000 km) 44 4.4 6.1 5.4 7.1 6.8 5.0 5.6 49 55 4.8 5.6 49 5.6 5.0 5.6
Length of highways (1,000 km) 3.6 2.3 16.9 7.0 225 9.2 31.8 15.0 36.9 17.8 52.7 315 142.3 63.5 169.5 73.4
Possession of civil vehicles (10,000 0.1 0.1 0.7 0.4 1.3 0.7 5.9 3.0 18.4 11.2 51.4 37.5 255.7 202.0 715.7 531.2
units)
Ownership of telephone (set/100 0.03 0.04 0.2 0.08 0.2 0.1 0.2 0.1 0.7 0.6 16.9 9.7 84.2 215 113.2 17.9
persons)
Radio Coverage Rate (%) 11.7 11.7 24.6 12.9 34.0 11.2 46.0 16.4 69.5 155 89.8 8.1 95.8 3.2 98.4 1.3
Television Coverage Rate (%) - - 35 35 7.7 7.0 38.3 16.8 75.7 11.7 91.8 5.5 97.0 2.1 98.9 0.8
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Figure F.6 Spatial distribution of under-5 child mortality across provinces
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Figure F.25 General budgetary expenditure (100 million yuan) by
province, 1950-2017
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Figure F.27 Local government expenditure-culture, education, science
and health care combined expenditure (100 million yuan) by province,
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Figure F.29 Local government expenditure-social safety net and
employment effort (100 million yuan) by province, 1950-2017
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Figure F.30 General retail price index by province, 1950-2017
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Figure F.31 Consumer price index by province, 1950-2017
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Figure F.33 Length of railways in operation(km) by province, 1950-2017
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Figure F.37 Radio coverage rate of the population (%) by province, 1950-

2017
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Appendix G. Additional results
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Figure G.1 Scatter plots between GDP per capita adjusted for inflation
and the In(IMR) and the In(CMR1-4), 1950-2016

© -
-
Lo .
: e
o4
L]
b 4
°
T T T T T T T T T T T T
0 50 100 150 200 25( 0 50 100 150 200 250
Primary education enrolment ratio Primary education enrolment ratio

Figure G.2 Scatter plots between primary education enrolment ratio and
the In(IMR) and the In(CMR1-4), 1950-2016
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Figure G.3 Scatter plots between secondary education enrolment ratio
and the In(IMR) and the In(CMR1-4), 1950-2016
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Figure G.4 Scatter plots between the per cent of urban population and
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Figure G.5 Scatter plots between birth rate and the In(IMR) and the
In(CMR1-4), 1950-2016
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Figure G.6 Scatter plots between the production of grain per capita and
the In(IMR) and the In(CMR1-4), 1950-2016
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Figure G.7 Scatter plots between the hospital bed density and the In(IMR)
and the In(CMR1-4), 1950-2016
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Figure G.8 Scatter plots between the PCA score for public health
campaign and the In(IMR) and the In(CMR1-4), 1950-2016
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Figure G.9 Scatter plots between the length of highways and the In(IMR)
and the In(CMR1-4), 1950-2016
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Table G.1: Relative risks of the IMR/CMR1-4 from multivariable analysis,

further adjusting for region

IMR (N=781, 70.9%
missing)

CMR1-4 (N=778,
29.1% missing)

Doctor density (per 10,000 population)
(1950-1964)
(1965-1980)
(2000-2016)

Period
(1950-1964)
(1965-1980)
(2000-2016)

GDP per capita adjusted for inflation (1,000
yuan)
(1950-1964)

(1965-1980)
(2000-2016)
Primary education enrolment ratio
Secondary education enrolment ratio
PCA score for public health campaign
Birth rate (per 1,000 population)
Production of grain per capita (10,000 tons)
Hospital bed density (per 10,000 population)
Length of highways (km)
Region
East
Central
West

0.93 (0.0.91, 0.94)™
1.03 (0.99, 1.07)
1.01 (0.98, 1.03)

1 (ref)
0.33(0.24, 0.45)™
0.12 (0.06, 0.25)™

0.99 (0.29, 3.48)
0.08 (0.02, 0.30)™
0.86 (0.80, 0.92)™
0.99 (0.99, 0.99)"
0.99 (0.98, 0.99)"
1.03 (0.97, 1.09)
0.99 (0.99, 1.00)
0.93 (0.63, 1.37)
1.00 (0.99, 1.02)
0.99 (0.99, 1.00)

1 (ref)
1.20 (1.02, 1.44)*
1.39 (1.15, 1.68)**

0.91 (0.88, 0.93)™
1.01 (0.96, 1.06)
0.98 (0.94, 1.02)

1 (ref)
0.24 (0.16, 0.36)™
0.22 (0.06, 0.89)"

0.72 (0.10, 4.97)
0.12 (0.02, 0.66)"
1.06 (0.96, 1.16)
0.99 (0.99, 1.00)
0.99 (0.98, 0.99)™
0.99 (0.88, 1.12)
1.00 (0.99, 1.01)
0.97 (0.64, 1.47)
0.99 (0.98, 1.01)
1.00 (1.00, 1.00)

1 (ref)
1.59 (1.18, 2.14)"
1.97 (1.53, 2.55)™

Notes: GDP per capita and government expenditure have been adjusted for inflation, i.e.

GDP per capita has been divided by the inflation rate.

*p<0.05, **p<0.01, **p<0.001.
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Table G.2: Relative risks of the USMR from multivariable analysis

U5MR (N=1180,
25.9% missing)

U5MR (N=1180,
25.9% missing)

Doctor density (per 10,000 population)
(1950-1964)
(1965-1980)
(1990-1999)
(2000-2017)

Period
(1950-1964)
(1965-1980)
(1990-1999)
(2000-2017)

GDP per capita adjusted for inflation (1,000
yuan)
(1950-1964)

(1965-1980)
(1990-1999)
(2000-2017)
Primary education enrolment ratio
Secondary education enrolment ratio
PCA score for public health campaign
Birth rate (per 1,000 population)
Production of grain per capita (10,000 tons)
Hospital bed density (per 10,000 population)
Length of highways (km)
Region
East
Central
West

0.90 (0.88, 0.92)™
1.05 (1.02, 1.09)"
1.00 (0.97, 1.03)
1.01 (0.99, 1.04)

1 (ref)

0.23 (0.16, 0.32)™
0.33 (0.13, 0.82)"
0.18 (0.07, 0.44)™

1.88 (0.47, 7.45)
0.07 (0.01, 0.33)"
0.46 (0.37, 0.57)™
0.84 (0.78, 0.90)™
0.99 (0.99, 1.00)
0.99 (0.98, 0.99)™
0.98 (0.91, 1.06)
1.01 (1.00, 1.02)"
0.87 (0.58, 1.30)
1.00 (0.99, 1.01)
1.00 (0.99, 1.00)

0.92 (0.91, 0.94)™
1.02 (0.98, 1.06)
0.99 (0.96, 1.02)
1.00 (0.98, 1.02)

1 (ref)

0.30 (0.22, 0.40)™
0.24 (0.10, 0.56)"
0.13 (0.06, 0.30)™

0.78 (0.19, 3.26)
0.13 (0.05, 0.40)™
0.65 (0.56, 0.77)™
0.90 (0.85, 0.95)™
0.99 (0.99, 1.00)
0.99 (0.99, 0.99)"
1.02 (0.95, 1.10)
1.00 (0.99, 1.01)
0.84 (0.64, 1.10)
1.00 (0.99, 1.01)
0.99 (0.99, 1.00)

1 (ref)
1.28 (1.09, 1.51)"
1.62(1.36, 1.93)™

Notes: GDP per capita and government expenditure have been adjusted for inflation, i.e.

GDP per capita has been divided by the inflation rate.

*p<0.05, **p<0.01, **p<0.001.
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