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ABSTRACT

Introduction

Since the adoption of the Millennium Development Goals (MDGs) in 2000, substantial
progress in improving child health and reducing child mortality rate has been made in the
last one and half decades. Despite the achievements, for a populous county like China, there
are still 181,574 children under five years old who died in 2015, most of them were
preventable. Under the new Sustainable Development Goals (SDGs), information about the
distribution of causes of death and time trend for child mortality should be updated to inform
policy and research. In this study, I aim to estimate the causes of death in children younger
than five years old in recent seven years from 2009 to 2015 with a focus on the year of 2015

and provide an update causes of death predicting model for China.
Methods

Updated data of under-five mortality rates and number of live births at national and
provincial levels were obtained from the National Maternal and Child Mortality Surveillance
System, the National Maternal and Child Health Annual Reporting System and the Chinese
Bureau of Statistics by systematically searching, and then adjusted by United Nation's
Inter-agency Group for Child Mortality Estimation. A systematic review was also conducted
from high-quality community based longitudinal studies of different causes of death in three
Chinese and one English bibliographic databases, a single proportionate cause-of-death
modelling based on the Child Health Epidemiology Reference Group method was developed
to estimate the number of child death according to proportional causes in different age group

at both national and provincial levels.
Results

Of all children died before five years old in 2015 in China, 51.5% occurred during the first



month, 21.6% occurred during 1-12months, and 27.6% were from 1-4 years old. The leading
causes of death in 2015 were preterm birth complications, birth asphyxia, congenital
abnormalities and pneumonia for children under five years old. Different models were
constructed for different age group which can be applied to predict the proportional
distribution of causes of death for the following years. The causes of death spectrum changed
dramatically among different provinces with different development levels, especially for the

proportions of infectious diseases and congenital abnormalities.

Conclusions

As an update analysis, this study validates the accuracy of the previous study and proposes a
new statistical modelling method to predict the proportions of most common causes of child
death in China which can be adopted in further related studies. Furthermore, this study offers
the most up-to-date estimates of causes of child death in China from 2009 to 2015, with
these estimates, targeting strategies on reducing child mortality, especially for neonates,
should be made toward the top causes of neonatal diseases, congenital abnormalities, and
infectious diseases, with special attentions on the difference between different regions with

uneven development levels.

X1



1 INTRODUCTION

1.1 Background

Child health is widely regarded as a priority issue of every nation (Currie & Reichman, 2015;
Stein, 2005). Under-five mortality rate (USMR), which estimates the probability of dying
between birth and the fifth birthday, is typically expressed as the number of deaths per 1,000
live births (UNICEF). It is a useful indicator that measures not only the level of child health,
but also overall development of a society (Haroun, Mahfouz, & Ibrahim, 2007; Reidpath &
Allotey, 2003). Since the adoption of the Millennium Development Goals (MDGs) by 189
member states of United Nations (UN) organization in September 2000 (Gaffey, Das, &
Bhutta, 2015; You et al., 2015), global and national estimates of USMR have been routinely
reported to track the progress towards MDG 4, which calls for a reduction in child mortality
by two-thirds from 1990 to 2015 (Wardlaw, You, Hug, Amouzou, & Newby, 2014; Way,
2015). In this study, I will explore the progress in reaching the MDG4 in the largest
developing country - China. It is widely regarded that China has made the most impressive
progress in reducing its child mortality in the 21st century and it could therefore serve as a
model to many other low- and middle-income countries (LMIC). I will study the changes in
child mortality levels and focus on establishing the causes of death (COD) in different
under-five age groups. I will attempt to determine the cause structure among neonates (<1
month), post-neonatal infants (1-12 months) and children aged 1-4 years (12-59 months).
Ultimately, I will summarise the COD for all children in the age group 0-4 (0-59 months), as

shown in Figure 1.1.

This chapter will provide an overview of the current child mortality and its historical

changes in China in the past two decades.



Birth / 1 month 12 months 60 months

Neonates | Postneonatal infants 1-4 years children

0-4 years children

Figure 1.1 Definition of important age groups in children under 5 years

1.2 Civil registration and vital statistics

Civil registration and vital statistics (CRVS) system is an administrative legal registration of
civil events (Abouzahr et al., 2014; World Health Organization, 2013a, 2014a), such as births,
deaths, marriages, divorces and fetal deaths. Vital statistics is based on information generated
from civil registration systems. Universal CRVS with a complete coverage in the population

is the best way for tracking all births and deaths (World Health Organization, 2013b, 2015a).

CRVS provides information on life events and it records all births and deaths at the national
level. CRVS is fundamental for providing rigorous data on mortality and COD, and for
generating demographic and health statistics for the population. The information obtained
from CRVS can usually be used to produce timely and reliable population estimates to guide
policy and programs (Mathers, Ma Fat, Inoue, Rao, & Lopez, 2005; Moriyama et al., 2010;
World Health Organization, 2013c). The demand for complete, accurate and timely CRVS
has been increasing over the past two decades to track progress towards public health related

goals and targets (AbouZahr et al., 2015; World Health Organization, 2015a).

Internationally, the UN collects, compiles and compares national vital statistics data and uses
this information for regional and national comparisons (Mahapatra et al., 2007). The
coverage of vital registration varies widely between countries - from almost 100% in the

European region, to less than 10% in the African region (Mathers et al., 2005). Moreover, in



some countries where the vital coverage is high, the data on COD are still far from
satisfactory (World Health Organization, 2014Db). It is estimated that among all 115 countries
that report mortality data routinely to the World Health Organization (WHO), only 64 have
good quality mortality data coupled with COD (Jha, 2012). Globally, there are still more than
100 countries without functional death registration system. As a result, up to 80% of deaths
that occur outside of health facilities are not counted, and nearly 230 million children under
five years are not covered with a vital registration system (World Health Organization,

2014a).

1.3 Death classification

Correct classification of COD is an important component of CRVS. Data on COD provides
valuable information that influences public health decision making, which can then improve
the survival of children and adults (World Health Organization, 2014a). Internationally, the
most widely used tool for recording COD is the International Classification of Diseases and
Related Health Problems (ICD), which adopts triple alphanumeric digit codes to unify the
diagnoses. The international standard classification is currently in its 10th version (ICD-10).
The adoption of ICD-10 allows comparisons among different countries, areas and time
periods (World Health Organization, 2004). In China, ICD-10 is widely used as the reference

system for medical diagnosis of diseases and deaths (G. Yang et al., 2008).

1.4 Main mortality data sources in China

In China, the most populous country in the world (Population Pyramids of the World from
1950 to 2100, 2015), a complete and universal CRVS coverage has not been achieved until
recently. However, sample-based longitudinal registration systems, based on representative
surveillance sites, have been in use for some time and they became the most valuable sources
for national mortality statistics (Setel et al., 2005; World Health Organization, 2014b), other

relevant sources include surveillance systems, household surveys, census, etc. They can also



be used in addition to sample-based surveys to provide reasonably reliable data for the entire

Chinese population (Mathers et al., 2005; Setel et al., 2007).

1.4.1 Mortality data for the population of China

1.4.1.1 National Mortality Surveillance System

Before 2013, the Chinese CRVS included two systems: the vital registration system of the
Chinese National Health and Family Planning Commission (NHFPC) (the former Ministry
of Health) and the sample-based disease surveillance points (DSP) system of the Chinese
Center for Disease Control and Prevention (CDC). The vital registration system was
established in 1973 and started to collect data of vital events. By 2012, this system covered
around 230 million people in 22 provinces, helping to provide valuable information on both
mortality and COD patterns, although the data were not truly representative for the whole
China (Beaglehole & Bonita, 2009). DSP was established in 1978 to collect data on
individual births, deaths and 35 notifiable infectious diseases in surveillance areas (Zeng,
Poston Jr, Vlosky, & Gu, 2008). By 2004, there were 161 sites included in the surveillance
system, covering 73 million persons in 31 provinces. The sites were selected from different
areas based on a multistage cluster sampling method, leading to a very good national
representativeness of the DSP (S. Liu et al.; Yu et al., 2015). From 2013, the above two
systems were merged together to generate a new “National Mortality Surveillance System”
(NMSS), which currently covers 605 surveillance points in 31 provinces and 24% of the
whole Chinese population. The selection of surveillance points was based on a national
multistage cluster sampling method, after stratifying for different socioeconomic status to
ensure the representativeness (S. Liu et al.; Setel et al., 2005). However, because of its high
underreporting rate among children under five years (as high as 35.0 % according to
under-reporting field survey) (K. Guo et al., 2015) and the poor performance of linking birth

registration (McNicoll, 2015; G. Yang et al., 2005), this system is not presently used as the



official data source on child mortality (Rao, Lopez, Yang, Begg, & Ma, 2005; G. Yang et al.,

2005).

1.4.1.2 National Retrospective Survey on Causes of Death

Another main source of information on COD structure in China is the National Retrospective
Survey on Causes of Death (NRSCD), which is also called the "Cancer Epidemiology
Survey". There have been three NRSCD in China, which were conducted to collect death
information for 1973-1975, 1990-1992, and 2004-2005 respectively. In these surveys, the
age, sex and COD were recorded for each death (Banister & Hill, 2004). The first survey was
conducted at the national level between 1973-1975, covering about 850 million persons and
identifying about 20 million deaths (Zou, Wan, Dai, & Yang, 2012). The two subsequent
surveys were both sample-based surveys that used random cluster sampling design. The most
recent, third NRSCD, covered 73 million persons in 160 counties and 53 areas with high
cancer incidence (J.-B. Wang et al., 2010; Ling Yang, Parkin, Li, & Chen, 2003). It
retrospectively investigated all deaths reported by DSP in the study areas. The high-quality
data on mortality and COD made NRSCD one of the most reliable sources on COD in China,
especially on the issue of cancer prevention and control (Ling Yang et al., 2003; J. Zhao,

Jow-Ching Tu, McMurray, & Sleigh, 2012).

1.4.1.3 National census and inter-census surveys

Reliable and complete data on population-level mortality can also be derived from direct or
indirect estimates based on censuses (World Bank Group, 2015). In China, the National
Bureau of Statistics (NBS) has conducted six national censuses: in 1953, 1964, 1982, 1990,
2000 and 2010. The aim was to collect accurate information on the national demographic
features. The overall quality of these censuses was regarded as very high, with net
under-enumeration rates of only 0.116%, 0.0014%, 0.04%, 0.06%, 1.81% and 0.12% for the

years 1953, 1964, 1982, 1990, 2000 and 2010, respectively (Basten, 2012; G. Zhang & Zhao,



2005; Z. Zhao & Chen, 2011). Since 1982, NBS regularised the census, so that it is held once
in every ten years, each time in the year ending with ‘0’. During the inter-census periods,
national sample surveys based on 1% of population and a stratified multi-stage sampling
were also conducted every ten years, each time in the year ending with ‘5°. As these sample
surveys were similar to the formal censuses, they are also referred to as “mini-censuses”. The
national 1% population surveys have already been conducted in 1987, 1995, 2005 and 2015
respectively (Cao, Yuan, Wang, Mao, & Zhu, 2009; National Bureau of Statistics of the
People's Republic of China, 2014). In addition, National Sample Survey on Population
Changes (NSSPC) was also being conducted by NBS annually from 1983 during the years
when there was no census or mini-census (McNicoll, 2015), using a similar design as the

censuses and mini-censuses.

Based on the above censuses and surveys, NBS publishes demographic data with a wide
coverage of the whole population. The reports are published annually in the NBS statistical
yearbooks. Mortality data can also be obtained from these yearbooks. However, the use of

the mortality data is limited because of the lack of COD details (McNicoll, 2015).

1.4.2 Mortality data for children

1.4.2.1 National Maternal and Child Mortality Surveillance

system

National Maternal and Child Mortality Surveillance (MCMS) system was established in
1996 based on three independent surveillance systems, which were: (i) population-based
maternal mortality surveillance system; (ii) population-based child mortality surveillance
system; and (iii) hospital-based birth defect surveillance system (Du et al., 2012; Liang et al.,
2011). In 2007, the number of surveillance sites expanded from 116 (37 urban and 79 rural)
to 336 counties/districts (126 urban and 210 rural) in 31 provinces (autonomous regions and

municipalities) in Mainland China (He et al., 2015; Rudan et al., 2010). Based on their



geography and economic development, these sites can be further categorised into three
regions: East, Central and West, with the East region being the most developed and the West
region the least. The East region includes Beijing, Tianjin, Liaoning, Shanghai, Jiangsu,
Zhejiang, Fujian, Shandong, and Guangdong; the Central includes Hebei, Shanxi, Jilin,
Heilongjiang, Anhui, Jiangxi, Henan, Hubei, Hunan and Hainan, the West includes Inner
Mongolia, Guangxi, Sichuan, Chongqing, Guizhou, Yunnan, Tibet, Shaanxi, Gansu, Qinghai,

Ningxia, and Xinjiang (Department of Maternal and Child Health, 2013).

A stratified cluster sampling method was used for the selection of surveillance sites to ensure
the sites were distributed evenly across the 31 provinces (autonomous regions and
municipalities), and that the sites are nationally and regionally representative. Data from this
system can thus be used to provide national and regional estimates, but not estimates at a

provincial level.

The surveillance contents, case definitions, reporting methods, and quality control are

unified across all surveillance sites within MCMS. The basic contents include:

1) The number of live births, the number of children aged 1-4 years and the number of

overall population;

2) The number of deaths for children younger than five years of age and their

corresponding COD;

3) The timing, locations and distribution of deaths for of children younger than five

years of age;

4) The basic situation of health care services for children younger than five years
(Department of Maternal and Child Health, 2013; Du et al., 2012; Liang et al.,

2011).

For each community/village, one doctor is responsible for recording every newborn child,



child death, or inbound/outbound migration of a child during the surveillance period. Once a
death occurs, the community/village doctor is responsible for reporting it to the community
health center/township hospital within ten days. Upon receiving this report, a specialist in
charge of maternal and child health (MCH) organises a home visit to verify the death within
seven days. A national unified “death report card” is used to record the death related
information. When a child dies at home or on the way to a hospital, a “Questionnaire of
Child Death Outside of Medical Institutions” is used to conduct a verbal autopsy. The
established COD is then recorded in the “Death Report Card” (see Appendix Table 1).
When a child dies in a hospital, the “Death Report Card” would be completed based on the
diagnosis from the hospital. All death causes are recorded as the primary COD and coded
based on 35 causes categorised by MCMS specifically for children (see Appendix Table 2
for the causes used for classifying child deaths). ICD-10 would be assigned automatically in
the electric reporting system after the causes set by MCMS are entered in the computer

system.

Quality control of the MCMS consists of two parts: the attention is firstly focused on a
possible under-reporting of either live births or deaths, and then the focus is placed on a
possible COD misclassification. For the part of quality control process relevant to
under-reporting, different methods are used to conduct cross-checking, e.g. checking original
records and various registrations (such as birth registration, maternal registration, registration
of family planning, public security registration, vaccination cards, etc.). For COD
misclassification, a team of specialists is invited to review all the reported deaths and their
causes every 3, 6 or 12 months at the different levels of surveillance units, aiming to
minimise the misclassification error. The provincial MCMS administrative office annually
checks the MCMS death list against all the child deaths recorded in NMSS, which also helps

to guarantee the completeness and accuracy of the deaths and causes.



1.4.2.2 National Maternal and Child Health Annual Reporting

System

The National Maternal and Child Health Annual Reporting System (MCHARS) was

established in the beginning of 1980s. This is another registration system that specifically

records the births and deaths of mothers and children. It is therefore another important source

that could illuminate women and children’s health situation. MCHARS should theoretically

cover the whole population of China. Its information is obtained from the county level in

rural areas, and from the level of districts in urban areas (Feng, Theodoratou, et al., 2012;

Gan et al., 2014; Kuruvilla et al., 2014; Yanqiu, Ronsmans, & Lin, 2009). All data are

collected based on ten report forms (Department of Maternal and Child Health, 2013):

1))

2)

3)

4)

5)

6)

7)

8)

9)

“Maternal health annual report form”;

“Hospital delivery monthly report form”;

“The health situation of children under seven years old report form”;

“Non-resident maternal and children’s health situation annual report form”;

“Common gynecological disease screening annual report form”;

“Contraception operation annual report form”;

“Intermediate induction annual report form”;

“Family planning counseling and follow-up services annual report form”;

“Disabled children and contraception operation complications annual report form”;

10) “Pre-marital health care annual report form”

All data in the above forms are collected by community/village doctor and reported to higher



level Bureaus of Health before the total number of live births from all administrative areas in
one province is collated and reported to the central MCHARS office (Cao et al., 2009; Feng,
Theodoratou, et al., 2012; Y. Wang et al., 2015). As a national statutory vital registration
system, MCHARS collects routine information on births and maternal and child deaths in
both rural and urban areas across the whole country (Feng, Theodoratou, et al., 2012).
Despite its nationwide coverage, MCHARS suffers from possible underreporting and lacks
details on COD in children. For these reasons, data from MCHARS are of limited use for

estimating the COD in children and MCMS should be preferred (Gan et al., 2014).

1.5 Child mortality

1.5.1 Global profile

Globally, the child mortality estimates for 194 countries are reported annually by the United
Nation's Inter-agency Group for Child Mortality Estimation (UN IGME). UN IGME
includes the United Nations Children’s Fund (UNICEF), WHO, the World Bank, and the
United Nations Population Division (UNPD). In its estimates, it relies on multiple sources of
data. For countries with complete and timely CRVS which continuously record births and
deaths, this is the best source. For large countries, like India and China, well-functioning
sample surveillance systems can be an alternative option. In other developing countries,
large-scale household surveys and even censuses (summary birth histories), such as the
UNICEF-supported Multiple Indicator Cluster Surveys (MICS) and the United States
Agency for International Development (USAID)-supported Demographic and Health
Surveys (DHS) are the main sources (WHO, 2013). Based on the different data sources and
quality, different modelling methods are applied to produce comparable country-specific
estimates of USMR (Alkema, New, Pedersen, & You, 2014; World Health Organization,

2011; You et al., 2015).

After more than 15 years of global efforts and collaboration, substantial progress has been
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made towards improving children’s survival in the world (Figure 1.2). The USMR has
halved from 91 (Boy-89, Girl-92) deaths per 1,000 live births in 1990 to 43 (Boy-41, Girl-46)
deaths per 1,000 live births in 2015, and the number of under-five deaths has also dropped
from 12.7 (Boy-12.6, Girl-13.0) million in 1990 to 5.9 (Boy-5.7, Girl-6.4) million in 2015

(UNICEF, 2015c).
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Figure 1.2 Global under-five, infant and neonatal mortality rates and the number of

deaths from 1990 to 2015 (source:(UNICEF, 2015a))

*Note: the shaded bands in Figure A are the 90 percent uncertainty intervals around the

estimates of mortality rates.

Despite the above advances, there are still 16,000 children younger than five years who die
from preventable causes every day (United Nations, 2015a). Moreover, a considerable equity
gap between different socioeconomic strata still exists in most countries (UNICEF, 2015b)
(Figure 1.3). Children from rural, poor or low-maternal-education households are much
more vulnerable: on average, children in rural areas are 1.7 times as likely to die before

reaching five years old as children in urban areas. The risk is 1.9 times greater for poor
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children in comparison to the wealthier groups, 1.5 times greater for children whose mothers
have no education in comparison to primary education, and 2.8 times greater for children
whose mothers have no education in comparison to a secondary or higher education

(UNICEF, 2015a) (Figure 1.3).

Rural to urban

Poorest to richest households

| 19

Children born to mothers with no education
to children born to mothers with primary education

Children born to mothers with no education
to children born to mothers with secondary or higher education

1.0 2.0 3.0

o
(@

Figure 1.3 Ratio of USMRs for children by residence, wealth quintile and mother’s

education, 2005-2013 (source: (Way, 2015))

*Note: data are based on the MICS and DHS survey that took place between 2005 and July
2013. Data from most recent survey in that period are used for countries with multiple
surveys. Data by wealth quintile are based on 55 surveys, data on education are based on 59

surveys, and data on residence are based on 60 surveys.

In addition, although a considerable progress has been made in most regions in the world,
achievements differ between countries (see Figure 1.4). Some 50 countries (Table 1.1) will
fail to achieve the MDG 4 according to "Countdown to 2015" (a review system to measure
progress in maternal, newborn and child health worldwide) final report (Victora et al., 2015;

World Health Organization, 2015b), most of  which are LMIC.
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Figure 1.4 Global distribution of USMRs, 2015 (source: (World Health Organization))

Table 1.1 Number of countries according to MDG target 4.A Achievement status, by

WHO region, 2013 (source: (World Health Organization, 2015b))

African Region (AFR) 6 2 25 14 47
Region of the Americas (AMR) 5 3 24 3 35
South-East Asia Region (SEAR) 5 2 4 0 11
European Region (EUR) 23 4 26 0 53
Eastern Mediterranean Region (EMR) 6 2 12 1 21
Western Pacific Region (WPR) 3 0 18 6 27

48 13 109 24 194
Global

(25%) (%) (56%)  (12%)  (100%)

1.5.2 China profile

The estimates of UN IGME revealed that the USMR in China had declined from 53.8 per

1,000 live births in 1990 to 10.7 per 1,000 live births in 2015 (Figure 1.5) (CMElInfo).
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MCMS also reported that the USMR in China has dropped dramatically - from 61 per 1,000
live births to 12 per 1,000 live births between 1991 and 2013 (Figure 1.6) (National Health
and Family Planning Commission of the People's Republic of China, 2014). This progress
made China one of the most successful countries in achieving MDG 4: not only did China
manage to reduce the mortality of children under five years of age by two thirds, but also it
reached this target eight years in advance of the year 2015 (National Health and Family
Planning Commission, 2014; You et al., 2015). The newly launched 17 UN Sustainable
Development Goals (SDGs) framework proposed a new measureable target for child health:
it requires that the overall USMR drops to at least 25 per 1,000 live births for all countries
(United Nations, 2015b). In China, this has already been achieved at the national level,

according to the above data.
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Figure 1.5 The estimates of USMR in China from 1990 to 2014 (data source: UN

IGME)

*Note: Lower, median and upper of the data dots refer to the lower bound, median and upper

bound of 90% uncertainty intervals.
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Figure 1.6 The trend of USMR in China from 1991 to 2013 (data source: MCMS)

However, another requirement in the SDG 3 which calls for an end to preventable deaths of
newborns and children under 5 years of age remains unrealised. Despite the current positive
factors, such as the rapid economic growth, the development targeted central government
and China’s special and demographic circumstances (declining fertility rates, etc.) (Ministry
of Foreign Affairs, 2015; United Nations Development Programme China, 2015), for a
populous and diverse country like China, this goal is still challenging: the total number of
children who died before their fifth birthdays is still huge (UNICEF, 2015¢), especially in
rural areas. The number of under-five deaths occurring in China (about 236,000) in 2013
accounted for 4% of all under-five deaths globally (UNICEF, 2014a). In addition, there are
also large disparities in child mortality rates between the rich and the poor, as well as
between the urban and the rural regions of the country (Ministry of Foreign Affairs, 2015;
UNICEF, 2014b; Yi et al.,, 2011). According to the latest estimates of USMR for 2851
Chinese counties, there were still 345 counties (12% of all Chinese counties) lagging behind
in achieving the MDG 4 pace of decline from 1996 to 2012, which represented a total

population of 149.8 million in which 1.5 million live births were recorded in 2012 (Y. Wang
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et al., 2015). The vulnerable groups cannot always be served effectively by the current MCH
programs. This is especially true for the fast growing migrant population coming from rural
areas and inhabiting the big cities (E. Y. Chan, Griffiths, Gao, Chan, & Fok, 2008). Targeted
efforts are required immediately to end the growing inequalities by the year 2030 (Thomsen

et al., 2011; United Nations, 2015b).

1.6 Causes of death in children

The leading COD in children are very different from the causes among adults (Field &
Behrman, 2003) and they vary among different regions (UNICEF, 2015a). Information on
COD is important for health policy development and continuous monitoring of the progress

in reducing child mortality (Franga, de Abreu, Rao, & Lopez, 2008).

1.6.1 Global profile

Lack of reliable cause-specific information on child mortality has been a long-standing
major obstacle to producing consistent and internationally comparable estimates of COD in
children, and thus for tracking progress in achieving the MDG4 (World Health Organization,

2005).

To improve the estimates of the cause-specific proportional distribution of deaths in children
under five years, the WHO established the external Child Health Epidemiology Reference
Group (CHERG) in 2001 (Bryce, Boschi-Pinto, Shibuya, & Black, 2005). Funded by the
Gates Foundation, this group of technical experts developed a standard set of procedures to
estimate the major causes of child deaths globally, regionally and nationally. The total
number of deaths of children under five years old was set as the "envelope", based on USMR
estimated by UN IGME. Then, according to the COD data availability and accuracy,
different models were applied in different countries to produce comparable country-specific

estimates of COD (Black et al., 2010; Bryce et al., 2005; L. Liu et al., 2015). In countries
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with complete and high-quality CRVS, COD were estimated directly from the CRVS data by
grouping causes into standard ICD groups, or by reassigning causes that didn't seem
comparable to ICD classification. In countries with low USMRs (<35 deaths per 1,000 live
births) but incomplete CRVS, a vital-registration-data-based multi-cause model (VRMCM)
was applied to estimate the proportion of each cause. In countries with high USMRs (>35 per
1,000 live births), a verbal-autopsy-data-based multi-cause model (VAMCM) was applied
(Bryce et al.,, 2005). In India, as a special case, a state-level multi-cause model was
developed based on 45 study data points. It was derived from the "Million Deaths Study"
and all-India sub-national verbal autopsy studies. In China, as another special case, a set of
single-cause models based on a systematic review of 206 independent local studies into

causes of child mortality was developed (L. Liu et al., 2012; Rudan et al., 2010).

According to the latest WHO statistics report, the main COD in children under five years has
changes in the last decade from 2000 to 2012, with large reduction occurring among
infectious diseases, such as pneumonia, diarrhea, measles and malaria (Figure 1.7). The
progress was slower among congenital causes, preterm birth complications and accidents. In
2013, the leading causes were preterm birth complications (15%), pneumonia (15%) and
intrapartum-related complications (11%), and almost half (44%) of the causes occurred in

the neonatal period (Figure 1.8) (L. Liu et al., 2015).
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Figure 1.7 Global trends in COD in children under five years, 2000 to 2013 (source:
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(World Health Organization, 2015b))
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Figure 1.8 Global COD in children under five years in 2013 (source: (L. Liu et al.,

2015))

Although massive progress has been achieved in infectious disease reduction, infectious and
other preventable diseases still claim a large number of child lives around the world,
especially in sub-Saharan Africa and South Asia. This calls for new targeted interventions -
such as new vaccines - and better quality of maternal health care to reduce all preventable
causes, especially for the top causes in the neonatal period (L. Liu et al., 2015; Requejo et al.,

2015).

1.6.2 China profile

To address the underlying COD in children under five years in China, Rudan, Chan and
colleagues conducted a study on behalf of CHERG that estimated the COD in children under
five in China in 2008. Their estimate was based on a systematic review of the Chinese

literature, which has become digitalised only a couple of years earlier and made available in
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searchable databases such as China National Knowledge Infrastructure (CNKI) and
WanFang data. Based on the information extracted from 206 studies, they proposed
epidemiological models for estimating proportions of different causes based on the overall
US5SMR (Rudan et al., 2010). Since then, this study has been widely cited and adopted when
addressing the issue of the causes of child mortality in China (Black et al., 2010; L. Liu et al.,
2012), especially in the WHO datasets such as the Global Health Observatory data repository

(L. Liu et al., 2012; World Health Organization).

According to the most recent estimates of the WHO and the Maternal and Child
Epidemiology Estimation group (MCEE, former CHERG), more than half (61%) of the
causes occurs in the neonatal period. In comparison to the global distribution, where the
deaths in the neonatal period still contribute to less than 50% of all deaths, there is a clear
need to focus the attention in China on neonatal deaths. This will require high quality health
care provision for the entire period of pregnancy and newborn period (Figure 1.9) NWCCW,

2014).
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Figure 1.9 COD in children under five years in China in 2013 (source: (NWCCW,

2014))
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Further improvements in child health in China will critically depend on new sources of data
on the specific COD that will inform policy and practice and identify priorities (L. Liu et al.,
2012; L. Liu et al., 2015; Stein, 2005). At the global and regional level, the CHERG
cause-specific estimates have been updated regularly (Bryce et al., 2005; L. Liu et al., 2012).
However, the estimation methods of COD in children under five years in China was
established based on independent studies published between 2000 and 2008, which now
represents a considerable time-lag and requires an update. The very point of the MDGs target
- the year 2015 - marks a symbolic time for updating progress on child mortality and revising

its COD predicting models for children under the age of five in China.

1.7 Research objectives

This study follows from the previous analysis by Rudan and Chan in 2008 (Rudan et al.,
2010). The aim is to conduct an entirely new search of the literature to include all
informative studies published in the Chinese literature and other sources between 2009 and
2014. Tt will then use the obtained information to revise and advance the methods used to
estimate the causes of child deaths in China in the period 2009-2015. This study will not
only explore whether the cause structure of child deaths has changed in comparison to the
period 2000-2008, but also it will "validate" the previous estimate because the estimates for
the year 2009 should closely resemble those for the year 2008, but they should be based on
entirely new dataset and improved models. This resemblance, if demonstrated, would serve
as a successful "replication" of the initial set of estimates and it would strengthen our
confidence in the estimated cause structure for China throughout the entire period

2000-2015.
The objectives of this thesis are:

1. Acquiring the information on national-level and province-level USMRs and the

number of live births, to develop the "envelopes" for the total number of child deaths

20



in China in the years of 2009-2015;

Systematically reviewing the available Chinese literature, as well as all other sources,

to develop a new dataset with COD in the years 2009-2014;

Developing epidemiological models that will predict the proportion of deaths in the
period 2009-2015 that occur in the neonatal (<1 month), postneonatal infant (1-12
months), 1-4 years (12-59 months) and 0-4 years (0-59 months) period, to create the

"envelopes" for these particular age groups;

Within each age group, developing epidemiological models that will assign COD to
all deaths based on a province-level USMR and epidemiological single-cause models
that are based on information from independent studies acquired through systematic

review;

Estimating the COD structure in children in China for each of the year 2009-2015 at

both national and province levels.

1.8 Outline of the thesis

My thesis will be organised in four main sections: Introduction, Methods, Results and

Discussion. In the Introduction part, I already presented the background and rationale for this

research and I reviewed the relevant existing information on child mortality and COD

structure, with a special focus on China. In the Methods section, I will present a detailed

methodology description, including the overall approach, systematic review procedures, data

sources used, the design of the study and statistical modelling methods. In the Results

section, I will present the findings in a structured and systematic way. Finally, in the

Discussion section, I plan to discuss the overall merits and limitations of the thesis and

summarise the implication for future research and health-related policy.
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2 METHODS

2.1 Data sources

In Chapter 1, I listed five available sources of information on child mortality in China:
NMSS, NRSCD, NBS census, MCMS, and MCHARS (Mathers, Boerma, & Fat, 2009).
They differ substantially in their reliability, validity and applicability to different problems.
NMSS reports the mortality and COD covering the entire life period ranging from 0 to 100+
years, but its performance is questionable whenever there is a sole focus on child deaths. The
issue with NRSCD is that they were conducted retrospectively and therefore suffer from a
substantial recall bias and under-reporting. The NBS census provides the most reliable
national-level demographic data, e.g. number of live births, but it doesn't provide
information on COD (G. Yang et al., 2005). Because of these problems, MCMS was
established especially for monitoring the COD in children under five years. Its aim was to be
representative only for the entire nation, or the three large regions at best, but it is not
representative of the provinces or counties. MCHARS has an advantage of covering the
whole population of China with great density, so it can provide USMR at the level of
particular provinces, but it does not collect information of COD in children (Yangqiu et al.,

2009).

2.1.1 Child mortality data

As mentioned above, the problems with under-reporting, recall bias and lack of information
on COD limit the use of the data from NMSS, NRSCD and NBS census, respectively. NBS
can still be used to obtain demographic parameters of interest, such as number of live births
or population size. If the aim is to focus on child deaths, the two main sources in China are
certainly MCMS and MCHARS (Mathers et al., 2009). In this study, I will use the

national-level USMR estimates from UN IGME, which are largely based on the data from
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MCMS, as reported in the latest “China Health and Family Planning Statistical Yearbook
2014” (former China Health Statistics Yearbook before 2013), which is considered as the

most reliable assessment for the estimates of national-level USMR.

However, MCMS data is nationally representative, but does no offer USMR estimates at the
provincial level. Given that my approach to modelling will require province-level USMRs,
there are two possible sources: (i) MCHARS (as explained above); and (ii) provincial USMR
estimates published by Institute for Health Metrics and Evaluation (IHME) (Institute for
Health Metrics and Evaluation (IHME), 2015). Data reported by MCHARS were collected
by systematically searching provincial yearbooks and local government reports for the 31
provinces in Mainland China (except Hong Kong Special Administrative Region, Macao
Special Administrative Region and Taiwan) in 2013. USMR estimates by IHME was based
on various modelling methods, including small area mortality estimation model,
spatiotemporal smoothing, and Gaussian process regression (H. Wang et al., 2014; Y. Wang
et al., 2015). The two sets of estimates have clearly been based on different data sources and
the latter re-scaled the under-reporting by adjusting for completeness (Y. Wang et al., 2015).
In Figure 2.1, I presented the province-level USMRs from both MCHARS and IHME. The
two sources show a very similar pattern of USMR variation in different provinces, but the
estimates by IHME are systematically higher than those from MCHARS. Given the known
USMR for the whole China (from MCMS and UN IGME), and the population of children
(and the number of live births) in each province, it is easy to conclude that the estimates by
IHME fit the national-level USMR "envelope" very nicely when added together, while the
estimates from MCHARS are implausibly low - which is consistent with the assumed
under-reporting in MCHARS. Because of this, in my study, I used the estimates by IHME as

the relevant province-level USMRs for the year 2013.
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Figure 2.1 Comparison of USMRs in 30 provinces of China in 2013 bases on data from
MCHARS and estimates by IHME (data source: (Institute for Health Metrics and
Evaluation (IHME), 2015; National Health and Family Planning Commission of the

People's Republic of China, 2014))

2.1.2 Number of live births

There are also two main sources of data for the number of live births at both the national and
provincial levels: MCHARS and the NBS estimates. The collection of live births data in
MCHARS is the same as the counting of deaths: it is conducted by a local health worker and
then reported to higher institutions. The provincial number of live births is then gathered by
adding all live births in each county/district. Similarly as the counting of deaths, it is likely
that the reporting of live births in MCHARS also suffers from under-reporting, at least to

some extent.

The NBS estimates are based on national censuses, inter-censual surveys and NSSPC, the
estimates of live births are not presented in the statistical yearbooks directly as absolute
numbers, but they can be calculated through birth rates and population at year-end. NBS

defines birth rate as “the ratio of the number of births to the average population (or
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mid-period population) during a certain period of time (usually a year)”:

) Number of Births
Birth Rate = — X 1000%o0
Annual Average Population

In the above formula, “number of births” refers to live births, and “annual average
population” is the average of the number of population at the beginning of the year and at the

end of the year.

Using the above reported birth rates and population at year-end, the provincial and national

live births numbers are calculated using the following formula (Cao et al., 2009).

Number of live births

= Birth Rate

y ("population at year — end" + "population at last year — end"
2

Previous studies on China’s child mortality have tended to use the estimates of live births
from NBS because they are more robust than estimates from MCHARS (Cao et al., 2009;
Rudan et al., 2010). In recent years, the UNPD's estimates of live births in China, as well as
UN IGME's, are beginning to converge closely to NBS estimates from China. For this reason,
my study will also be based on live births estimates from UNPD and UN IGME's, which

closely resemble those reported by NBS.

2.2 Systematic review

2.2.1 Overview

As explained in Chapter 1, no information about COD patterns in children under five years
at the province level can be obtained from the existing surveillance systems (or surveys). To

estimate proportions of the most common COD, CHERG established a single cause model
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which bases the prediction of the proportional contribution of each major COD in each age
group on the overall underlying USMR. The models and relationships between the USMR
and the specific causes are based on relevant studies identified in the Chinese datasets
through systematic review of the Chinese literature. To retrieve all independent and
informative studies conducted in mainland China in the years that followed the last
CHERG's estimate, a systematic review was conducted to derive related information form
community-based longitudinal multi-cause studies. During the last decade, the amount and
quality of Chinese medical research has increased substantially, which made it an important
new source of information for the global health epidemiology (Cohen, Korevaar, Wang,

Spijker, & Bossuyt, 2015; Xia, Wright, & Adams, 2008).

Three major Chinese literature databases and one English literature database were searched
for the systematic review: CNKI, Wanfang Data, VIP Database for Chinese Technical
Periodical (VIP) and PubMed. CNKI is an electronic platform created to integrate significant
Chinese knowledge-based information resources. It includes searchable databases with
full-text manuscripts from Chinese academic journals, statistical yearbooks, doctoral/masters
dissertation theses and proceedings of conferences. It contains more than 73 million research
articles, about 272,730 PhD Theses, 2,418,493 Masters Theses and more than 2.5 million
conference papers in the Chinese language (CNKI). Wanfang data and VIP are similar
literature databases which cover different amount of articles, theses and conference papers
(Cohen et al., 2015; Y.-m. WANG & SHI, 2012). Another English database PubMed was also

included to search English-language articles about COD in children in Mainland China.

2.2.2 Search strategy

In order to identify the most appropriate search strategy, I conducted a pilot systematic
review in CNKI and Wanfang databases in April 2015 by applying the search strategy shown

in Table 2.1, aiming to test the accuracy and coverage of the preset search terms.
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To specify the children group, I applied Chinese language terms “ertong”, “xiaoer”, “youer”
(all refer to “child”), “yinger” (refers to “infant”), “yingyouer” (refers to “infant and child”),
and “xinshenger” (refers to “newborn/neonate”). These terms can cover different age groups
for children under five years old. For death causes, the terms I applied were “siwang”,
“shengcun” and “siyin”, which stands for “death”, “survival” and “causes of death”

respectively.
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Table 2.1 Pilot search strategy in CNKI and Wanfang

CNKI 19/04/2015  Medicine & Journal, Featured journal, (“ertong” OR “xiaoer” OR “youer” OR 01/01/2009 Title
Public Doctoral dissertation, “yinger” OR  “yingyouer” OR -31/12/2014 search
Health Master dissertation, “xinshenger”) AND (“siwang” OR
Domestic conferences, “shengcun” OR “siyin”)

International conferences

Wanfang 20/04/2015  Not Journal articles, (“ertong” OR “xiaoer” OR “youer” OR 2009-2014 Title
applicable Dissertations, Conference “yinger” OR  “yingyouer”  OR search
articles “xinshenger”) AND (“siwang” OR

“shengcun” OR “siyin”)
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The pilot search captured all the relevant papers that were also being identified through
much broader search terms, which confirmed the desired level of accuracy for my preset
search terms and I applied them in the final search strategy. To ensure that all possible
informative studies are included, I conducted the final literature search using comprehensive
search, instead of "title only" search, in all four databases: CNKI, Wanfang, VIP and
PubMed (Garg, Hackam, & Tonelli, 2008). The search was conducted in Aug 2015 and the
final search strategy is presented in Table 2.2. Note that search strategies for each literature
database are slightly different based on their specific search features. All source articles

included publicly available publications, abstracts, and conference proceedings.
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Table 2.2 Final search strategy in CNKI, Wanfang, VIP and PubMed

CNKI 26/08/2015 Medicine Journal, Featured (SU % 'ertong' + 'xiaoer' + 'youer' + 'yinger' + 'yingyouer' 01/01/2009  Comprehensi
& Public journal, Doctoral + 'xinshenger' OR TI % 'ertong' + 'xiaoer' + 'youer' + -31/12/2014 ve  search:
Health dissertation, 'yinger' + 'yingyouer' + 'xinshenger' OR KY % 'ertong' + subject, title,
Master 'xiaoer' + 'youer' + 'yinger' + 'yingyouer' + 'xinshenger' keywords
dissertation, OR AB % 'ertong' + 'xiaoer' + 'youer' + 'yinger' + and abstract
Domestic 'vingyouer' + 'xinshenger') AND (SU % 'siwang' +
conferences, 'shengcun' + 'siyin' OR TI % 'siwang' + 'shengcun' +
International 'siyin' OR KY % 'siwang' + 'shengcun' + 'siyin' OR AB %
conferences 'siwang' + 'shengcun' + 'siyin')
Wanfang 26/08/2015 Not Journal articles, (subject: (ertong) + subject: (xiaoer) + subject: (youer) + 2009-2014 Comprehensi
applicabl  Dissertations, subject: (yinger) + subject: (yingyouer) + subject: ve  search:
e Conference (xinshenger)) * (subject: (siwang) + subject: (shengcun) + subject
articles subject: (siyin)) (including
title,
keywords

and abstract)

30



VIP 26/08/2015 Medicine All journals (M=(ertong+xiaoer+youer+yinger+yingyouer+xinshenger 2009-2014 Comprehensi
& Public Y*+R=( ertongt+xiaoer+youer+yinger+yingyouer+xinsheng ve  search:
Health er))*(M=(siwangtshengcuntsiyin)+R=( siwang+shengcu title,

n+siyin)) keywords
and abstract

PubMed 06/09/2015 Not Not applicable (((death* OR mortality or survival) AND (child* OR 01/01/2009  Comprehensi
applicabl infant* OR neonat*) AND (China OR Chinese))) -31/12/2014  ve search: all
e fields
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2.2.3 Study criteria

Based on standard CHERG methods, only independent, community-based, longitudinal,
multi-cause studies were included in my study (Rudan et al., 2010). This is because studies
conducted at hospital sites tend to have poor representativeness of the surrounding general
population, especially for children in poor rural areas where the access to hospitals is not
universal (Adams & Hannum, 2005; Lanata et al., 2004). Moreover, studies conducted
retrospectively would introduce recall bias, so I only included longitudinal, prospective
studies. I excluded the studies that only reported single cause, or that didn't give any
breakdown by cause; single-cause studies tend to overestimate the reported cause, so only
multi-cause studies were included. Furthermore, I applied some additional criteria to ensure

the quality of included studies. The detailed inclusion and exclusion criteria are:
Inclusion criteria

1. Community-based study of the COD in children aged 0-4 years;
2. Multi-cause studies;

3. Studies with more than 100 observed deaths;

Exclusion criteria

1. Multiple publications of the same study;

2. Studies with no breakdown of deaths by cause or age;

3. Studies with no reported numerical estimates;

4. Unclear study design (prospective/retrospective) or unclear definitions;

5. Retrospective studies;

6. Studies where no overall USMR was reported;

7. Studies with inconsistencies between reported methods and presented results;

8. Studies based on CDC death monitoring system;
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9. Studies with clear calculation mistakes or logical mistakes.

2.2.4 Study selection and data extraction

All applicable Chinese citations from CNKI, Wanfang and VIP were imported into
NoteExpress (version 3.0.4.6640) and all English citations from PubMed were imported into
Endnote (version X7.2.1) before they were screened. Duplicate records were detected
automatically in NoteExpress and Endnote by firstly conducting cross-record comparisons
based on the variables “Author”, “Year” and “Title”, followed by “Year” and “Title” in the
second iteration, and finally only the “Title” in the third iteration, using the criteria of
“ignoring spacing and punctuation”. All detected duplicate records were deleted manually.
After deleting the duplicates, I conducted an initial screening of all titles and abstracts and
deleted all records that were apparently irrelevant based on the preset criteria. Then, all
full-text articles were retrieved and selected for final inclusion, according to pre-determined
study criteria. I paid particular caution to exclude all duplicate publications that reported the

same results based on the same data.

When conducting pilot data extraction, I drafted data extraction form by reviewing more
than one thousand full-text articles, which I later modified through several rounds of

revisions. The final standardised data abstraction form included three parts:

1) Characteristics of the study: authors, publication year, study setting, population

type (urban or rural), surveillance period, quality control method and frequency;

2) Mortality data: there are three indicators in this part: the number of live births,
overall number of deaths and overall mortality rates for neonates, post-neonatal
infants, 1-4 years old children and all 0-4 years old children. For studies that only
reported two of the three key indicators, the third one would be calculated based on
the other two. For studies that only reported mortality-related indicators for two of
the three age groups (e.g., infants, 1-4 years old children and under-five children),

the third one would also be calculated based on the other two.

3) COD data: according to the pilot data extraction, most eligible studies that were
identified through my search reported the COD data based on the national unified
MCMS “child death report card”. Therefore, I included all pre-set causes in the data

extraction form. A detailed definition of the COD variables can be seen in Appendix
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Table 3.

2.3 Statistical analysis

2.3.1 Procedures

The statistical procedures for estimating the proportional causes of child death in China for

the years 2009-2015 included several steps (see Table 2.3).

Table 2.3 Statistical procedures of deriving the estimates of child death

different age
groups
(neonates,
post-neonatal
infants, 1-4 years
and 0-4 years)
for each year in

China

month) and post-neonatal infant
period (1-11 months) for each
province using the province-level
USMR as a predictor; then, adding
all the numbers of deaths and
adjusting the total number of
neonatal deaths by an appropriate
factor to fit the national envelope
for newborn deaths provided by
UN IGME; and finally, computing
the number of deaths of 14 years
children (12-59 months) in each

province by substracting neonatal

Steps Indicators Methods
National level Provincial level
1 Total number of  Multiplying USMR reported by Multiplying the provincial USMRs
child deaths MCMS by the number of live reported by MCHARS (2010) or
(envelope) births reported by NBS and IHME-Chinese collaboration (2013)
adjusted by UN IGME by the number of live births in each
province reported by NBS and
adjusting the total by an appropriate
factor to fit the national envelope
2 Number of Modelling the proportion of all Three models to estimate the age
deaths in deaths in neonatal period (<1 group proportions for neonates (<1

month), postneonatal infants (1-11
months), 1-4 years children (12-59
months) were developed in the
systematic review. Provincial
U5MRs were applied to these
models to split the total number of
child deaths (from Step1l) into
appropriate age groups at provincial
level; the least informative of the
three models (for 1-4 years) was
dropped and the number of deaths in
that age group was calculated based

on estimates for other age-groups (as
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and post-neonatal infant deaths
from all 0-4 deaths in each

province

a remainder)

Main cause
proportions for

each age group

Main cause proportions were
estimated for neonates (<1 month),
postneonatal infants (1-11
months), 1-4 years children (12-59
months) and 0-4 years children
(0-59 months) separately by
applying the national USMRs
(from 2009 to 2015) to the death
cause proportional models

developed in the systematic review

Main cause proportions at provincial
level were estimated for neonates
(<1 month), postneonatal infants (1—
11 months), 1-4 years children
(12-59 months) and 0-4 years
children (0-59 months) separately by
applying the provincial USMRs in
2015 to the death cause proportional
models developed in the systematic

review

2.3.2 Statistical modelling

The single-cause model for the proportional contribution of each COD based on USMR as a
predictor variable was chosen to estimate COD in China by CHERG (Black et al., 2010; K. Y.
Chan et al., 2015; Lawn, 2009; Organization, 2014; Rudan et al., 2010). In this study, an
Ordinary Least Squares (OLS) regression model was developed using eligible study data.
The predictor variables included USMR and squared USMR, and the criterion variable was

specific proportion assigned to each cause.

Before choosing the most appropriate model, all the variables and three different weighting
methods were tested in the pilot modelling to decide which model performs best in

predicting the proportional cause based on USMR. The three weighting methods were:
1) Giving equal weight to each study (no weight);
2) Giving equal weight to each death (weighting is proportional to the number of deaths);

3) Intermediate of 1) and 2) (weighting is proportional to the square root of the number of

deaths).

The estimates of COD at both national and provincial levels were conducted based on the

final chosen models, which typically included those where weighting is proportional to the
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number of deaths (for more details see later, in the Results section). The most commonly

used model was:
In(% Criterion variable) = a +  * In USMR) + y * (In USMR)?

All included studies that were used for constructing the predictive models were mapped by
ArcGIS software (Version 10.1) to illustrate their geographic distribution. For each specific
cause or age group, the median proportion, inter—quartile range (IQR) and maximum and
minimum observed percentage were presented in box—and—whisker plots. Maps were then
created to illustrate provincial USMRs using ArcGIS. All statistical analyses were performed
in R Studio (version 0.99.486) built on R (version 3.2.2) and with packages “gglopt2”
(version 1.0.1), “reshape2” (version 1.4.1), “dplyr” (version 0.4.3), “knitr” (version 1.11) and
“plyr” (version 1.8.3). All tests were two-sided and statistical significance was determined at

P-value < 0.05 unless otherwise stated.

2.4 Ethical self-assessment

No ethical review committee approval was needed because all the estimates in this study
were based on the analyses of publicly available and published information relevant to the
population samples, rather than individuals. There were no ethical concerns regarding this
study design. A level-one ethical self-assessment was carried out by my first supervisor Dr.
Kit Yee Chan based on institutional policy (see Appendix Table 4), formal ethical approval

was not required for this study.
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3 RESULTS

3.1 Study characteristics

Based on the search strategy and criteria as stated in Chapter 2, a total of 81,079 citations

were identified from the four databases. After removing 35,247 duplicates, 44,367 obviously

irrelevant citations by title and abstract review, and 49 citations with no sufficient

information on methods and results, a total of 1,416 articles with full-texts were reviewed to

assess their eligibility (Figure 3.1). According to the study criteria, a total of 1,128

publications were excluded and 288 publications were included. All the single-cause models

were based on those 288 studies.

Records identified through
CNKI (n=21619)

Record identified through
Wanfang (n=32059)

Records identified through
VIP (n=22192)

Records identified through
PubMed (n=5209)

Initial screen for eligibility

Assessment of eligibility

Figure 3.1 Systematic review flow diagram

Total records identified through

electronic searchers (n=81079)

Duplicate records (n=35247)

Obviously irrelevant records removed by

title & abstract review (n=44367)

Records with insufficient information on

methods and results (n=49)

(n=1416)

Records eligible for full-text review

(n=1128)

(n=288)

Eligible studics included in review

Records failing to meet inclusion criteria

Reason 1* (n=577) Reason 2* (n=37)
Reason 3% (n1=98) Reason 4* (n=77)
Reason 5% (n=21)  Reason 6* (n=103)
Reason 7* (n=6) Reason 8* (n=7)
Reason 9% (n=140) Reason 10* (n=9)

Reason 11* (n=18) Reason 12* (n=35)
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* Note: Reason 1: Papers that were not community-based study of the COD in children aged
0-4 years; Reason 2: Papers that were not multi-cause studies; Reason 3: Papers with less
than 100 deaths observed; Reason 4: Multiple publications of the same study; Reason 5:
Papers with no breakdown of deaths by cause or age; Reason 6: Papers with no reported
numerical estimates; Reason 7: Studies where design (prospective/retrospective) and
definitions were not clear; Reason 8: Studies that were retrospective in design; Reason 9:
Papers where no (overall) USMR was reported for the study site; Reason 10: Papers with
inconsistency between reported methods and presented results; Reason 11: Studies based on
CDC death monitoring system; Reason 12: Papers with calculation mistakes or logical

mistakes.

The full list of the 288 included studies and their characteristics can be found in Appendix
Table 5. The summary of the main characteristics of the 288 included studies are shown in
Table 3.1. The included publications were published relatively evenly from 2009 to 2014;
most of them were conducted in both urban and rural areas (n=226, 78.5%). Overall, the total
number of observed deaths across all the 288 studies was 363,134, and the total number of
live births was 32,038,695, yielding an average USMR of 11.3 per 1,000 live births. The
distributions of the number of deaths and live births are listed in Table 3.1. More than half
(n=146, 50.7%) of the studies reported 101-500 deaths, and most of the studies (n=168,
58.3%) observed 10,001-60,000 live births. The average surveillance period was 6.0 years
with most (n=167, 58.0%) of the studies reporting a surveillance time between 5 and 9 years.
Most (n=219, 76.0%) of the studies reported their quality control procedures, while the
remaining studies (n=69, 24.0%) likely also introduced some quality control protocols, but
these remained unreported. No studies clearly stated that they had no quality control

protocols.

Table 3.1 Characteristics of the included studies

Characteristic of study (Total N=288) Number of studies (%)
Year published
2009 51 (17.7)
2010 36 (12.5)
2011 48 (16.7)
2012 61 (21.2)
2013 47 (16.3)
2014 45 (15.6)
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Setting

Urban 45 (15.6)
Rural 17 (5.9)
Both 226 (78.5)
Number of observed deaths
101-500 146 (50.7)
501-1,000 56 (19.4)
1,001-2,000 38 (13.2)
2,001-3,000 20 (6.9)
3,001-4,000 11 (3.8)
>4,000 17 (5.9)
Number of live births
<10,000 11 (3.8)
10,001-30,000 95 (33.0)
30,001-60,000 73 (25.3)
60,001-100,000 38 (13.2)
100,001-150,000 15(5.2)
>150,000 56 (19.4)
Reported USMR (per 1,000 live births)
<5.0 15(5.2)
5.1-10.0 113 (39.2)
10.1-15.0 84 (29.2)
15.1-20.0 35(12.2)
>20.0 41 (14.2)
Surveillance time (year)
<5 69 (24.0)
5-9 167 (58.0)
10-14 50 (17.3)
>15 2 (0.7)
Conducting quality control
Yes 219 (76.0)
Unknown 69 (24.0)

Occasionally, more than one study would be based in the same geographic location, but I

kept them all in my dataset if each research group presented their own independent and
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unique result. The geographic distribution of the 288 studies included 212 different locations
in 30 provinces, municipalities and autonomous regions in China (except Tibet Autonomous
Region, Hong Kong Special Administrative Region, Macao Special Administrative Region

and Taiwan) (see Figure 3.2).

N

A

1 cm =456 km Heilonm%ng

Inner Mong®lia

Figure 3.2 Geographic distribution of the included studies

*Note: The classification of East, Central and West was based on MCMS categories
according to geography and economic development of each province (Department of

Maternal and Child Health, 2013).

3.2 Modelling test and selection

In principle, I was interested in predicting the proportional distribution for all possible COD
in each age group. However, this intention was limited by the availability of information for
different causes in different age groups. The numbers of available studies that could serve as
independent data points for constructing different models are listed in Table 3.2, by specific

COD and age group of interest.

Table 3.2 The number of available study points of every death cause for different age

group
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Neonates  Post-neonatal 14y Under-5

Cause of death
(<1m) Infants (1-12m) (12-60m) (0-60m)
01 Dysentery (DYS) 0 0 1 2
02 Sepsis (SEP) 6 6 2 20
03 Measles (MES) 0 0 0 1
04 Tuberculosis (TB) 0 0 0 0
05 Other infectious and parasitic diseases (OT-inf) 0 0 1 2
All infectious and parasitic diseases (ALL-inf) 5 5 6 10
06 Leukemia(LKM) 0 0 11 7
07 Other tumor (OT-tm) 0 1 6 7
All tumor (ALL-tm) 1 4 11 11
08 Meningitis (MENI) 1 3 6 5
09 Other neurological disease (OT-neu) 2 2 8 9
All neurological disease (ALL-neu) 2 1 3 3
10 Pneumonia (PN) 61 49 54 190
11 Other respiratory diseases (OT-res) 4 2 3 10
All respiratory diseases (ALL-res) 3 3 4 4
12 Diarrhea (DI) 6 4 10 36
13 Other digestive diseases (OT-dig) 2 1 3 8
All digestive diseases (ALL-dig) 1 1 1 4
14 Congenital heart disease (CGH) 45 43 54 134
15 Neural tube defects (NTD) 4 3 0 13
16 Mongolism (MONG) 0 0 0 3
17 Other congenital abnormalities (OT-CA) 42 32 20 87
All congenital abnormalities (ALL-CA) 33 21 22 80
18 Preterm or low birth weight (PB) 86 33 4 228
19 Birth asphyxia (BA) 83 19 3 213
20 Neonatal tetanus (NT) 0 0 0 3

2] Neonatal scleredema (NS) 4 2 0 4
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22 Intracranial haemorrhage (IH) 15 9 2
23 Other neonatal diseases (OT-neo) 16 5 2
All neonatal diseases (ALL-neo) 4 3 3
24 Drowning (DW) 0 0 31
25 Traffic accident (TA) 0 1 27
26 Accidental asphyxia (AA) 19 15 14
27 Accidental poisoning (AP) 0 0 3
28 Accidental fall (AF) 0 0 7
29 Other accidents (OT-acc) 2 1 13
All accidents (ALL-acc) 22 21 41
30 Endocrine, nutritional and metabolic diseases (ENM) 0 0 3
31 Hematopoietic and hematopoietic organ diseases (HHO) 3 3 6
32 Circulation system disease (CSD) 3 1 5
33 Urinary system disease (USD) 0 0 0
34 Other (OT) 26 21 23
35 Unclear diagnosis(UCD) 3 3 6

28
20

47
23

53

10

22

103

12

54
23

*Note: “All” in the database doesn’t imply all of the COD in the corresponding category, but

rather to the entire category, as mentioned in the relevant article.

Based on the availability of information, the causes for which I developed the testing models

were:

(i) Among the neonates, 7 causes were selected: 1) Pneumonia; 2) Congenital heart disease;
3) Congenital abnormalities; 4) Preterm birth or low birth weight; 5) Birth asphyxia; 6)

Intracranial haemorrhage; 7) Accidents.

(i) For postneonatal infants, 8 causes were selected: 1) Pneumonia; 2) Congenital heart
disease; 3) Congenital abnormalities; 4) Preterm birth or low birth weight; 5) Birth asphyxia;
6) Intracranial haemorrhage; 7) Accidental asphyxia; 8) Accidents.

(iii)) For children 1-4 years old, 8 causes were selected: 1) Leukemia; 2) Tumor; 3)

Meningitis; 4) Pneumonia; 5) Diarrhea; 6) Congenital heart disease; 7) Congenital
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abnormalities; 8) Accidents.

(iv) Finally, for children 0-4 years old, 14 causes were selected: 1) Sepsis; 2) Leukemia; 3)

Tumor; 4) Meningitis; 5) Pneumonia; 6) Diarrhea; 7) Congenital heart disease; 8) Neural

tube defects; 9) Congenital abnormalities; 10) Preterm birth or low birth weight; 11) Birth

asphyxia; 12) Intracranial haemorrhage; 13) Accidental asphyxia; 14) Accidents.

To identify the best-performing models, nine different testing models were constructed, as

explained in Chapter 2. Table 3.3 shows that the nine models were:

Table 3.3 The definitions of nine tested models

Model Equation Weighing method

Model 1 In(% Criterion variable) = a +  * (In USMR) no weighting

weighting proportional to the
Model 2 In(% Criterion variable) = a +  * (In USMR)

number of deaths

weight proportional to the square
Model 3 In(% Criterion variable) = a +  * (In USMR)

root of the number of deaths
Model 4 In(% Criterion variable) = a + B * In USMR) +y * (USMR)?  no weighting

weighting proportional to the
Model 5 In(% Criterion variable) = a +  * In USMR) + y * (USMR)?

number of deaths

weight proportional to the square
Model 6 In(% Criterion variable) = a +  * (In USMR) + y * (USMR)?

root of the number of deaths
Model 7 In(% Criterion variable) = a +  * InUSMR) +y * (InUSMR)?>  no weighting

weighting proportional to the
Model 8 In(% Criterion variable) = a +  * InU5SMR) + y * (In USMR)?

number of deaths

weight proportional to the square
Model 9 In(% Criterion variable) = a +  * InU5SMR) + y * (In USMR)?

root of the number of deaths

*Note: Where In (USMR) is the natural logarithm of USMR, criterion variable refers to the

proportion of each targeted age group (neonates, postneonatal infants, 1-4 years old children)

or death cause.

All the results of the performance of these nine statistical models are shown in the Appendix

Figure 1-5. All obvious outliers were removed, and the comparison of goodness-of-fit of the

nine models is shown in Figure 3.3 (based on explained proportion of total variance, R?).
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Figure 3.3 Comparison of the nine testing models

*Note: (a) predicting the proportions of all 0-4 years deaths that occur in 3 separate age-groups; (b) predicting the proportions of all neonatal deaths that
are due to each selected cause for neonatal period; (c) predicting the proportions of all post-neonatal infant deaths that are due to each selected cause in
post-neonatal infant period; (d) predicting the proportions of deaths that occur in 1-4 years old children that are due to each selected cause in 1-4 years

period; (e) predicting the proportions of all under-five deaths that are due to each selected cause for 0-4 years period.
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3.3 Final modelling methods

After the nine potential models were tested, model 8 (see Table 3.3) was chosen as the most
useful for this study across a wide range of applications to different causes and in different
age groups (see Appendix Figure 1-5, for the comprehensive overview of the results of
model testing). The criterion variable was either the proportional contribution of the specific
age group, or the specific COD, based on the studies that fulfilled the inclusion criteria. All
calculations were then based on the chosen corresponding model and fitted to the national
and provincial envelopes. The final model adopted weighting method proportional to the

number of deaths:
In(% Criterion variable) = a + 8 * (InUSMR) + y * (In USMR)?

After the selection of the final model, eight derived statistical models were then developed to
predict the relation between the proportion of the eight most common COD in children under
5 years and the corresponding USMR (Figure 3.4; Table 3.4): birth asphyxia, preterm birth
complications, neonatal sepsis, pneumonia, diarrhea, congenital abnormalities, accidents and
sudden infant death syndrome (SIDS). For statistical modelling to estimate proportional
COD in different age groups, 3 models were developed to predict the proportions of neonates,
post-neonatal infants and 1-4 years deaths based on the corresponding USMRs (Figure 3.5;
Table 3.4). Then, further statistical models (Figure 3.5; Table 3.4) were established to
attribute the deaths within provinces and within the 3 age groups to specific causes. When
conducting the estimates at the province level, the “fit” to the “envelopes” for the total
number of child deaths for each province was achieved by dropping the least predictive
statistical model (based on R?) and replacing it with the reminder of deaths within the

“envelope” (Table 3.4).

Table 3.4 Detailed descriptions of the parameters in all statistical models

Predictor  Criterion variable Relationship R?

Predicting the proportion of all 0-4 years deaths that are due to each of the 8 most common

causes for 0-4 years period (in relation to overall USMR)

USMR % preterm or low  In(PB)=0.90*In(USMR)-0.19*(In(USMR))*+1.80 0.07
birth weight
USMR % birth asphyxia  In(BA)=2.31*In(USMR)-0.40*(In(USMR))*-0.47 0.20
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USMR % congenital In(CA)=0.79*In(USMR)-0.27*(In(USMR))*+2.36 0.35

abnormalities
USMR % accident In(ACC)=1.39*In(USMR)-0.26*(In(USMR))*+0.79 0.04
USMR % pneumonia In(PN)=0.05*In(USMR)+0.10*(In(USMR))*+1.75 0.43
USMR % SIDS In(SIDS)=2.68*In(USMR)-0.56*(In(USMR))*-1.23 0.06
USMR % diarrhea In(DI1)=3.49*In(USMR)-0.42*(In(USMR))*-4.97 0.36
USMR % neonatal sepsis  In(SEP)=-0.98*In(USMR)+0.05*(In(USMR))*+2.48 0.30

Predicting the proportion of all 0-4 years deaths that occur in 3 separate age-groups: neonates,

post-neonatal infants and 1-4 years children (in relation to overall USMR)

U5SMR % in neonates In(NEO)=0.41*In(USMR)-0.08*(In(USMR))*+3.56 0.03

U5SMR % in postneonatal  In(PINF)=-1.12*In(USMR)+0.23*(In(USMR))*+4.38  0.13
infants

U5SMR % in 1-4 years In(1-4y)=-0.61*In(USMR)+0.10*(In(USMR))*+3.75 0.03

Predicting the proportion of all neonatal deaths that are due to each of the 4 most common causes

for neonatal period (in relation to overall USMR)

USMR % preterm or low  In(PB)=0.72*In(USMR)-0.16*(In(USMR))*+2.54 0.21
birth weight

USMR % birth asphyxia  In(BA)=0.53*In(USMR)-0.06*(In(USMR))*+2.31 0.19

USMR % congenital In(CA)=-4.17*In(USMR)+0.75*(In(USMR))*+7.72 0.14
abnormalities

USMR % pneumonia In(PN)=-0.27*In(USMR)+0.12*(In(USMR))*+2.27 0.20

Predicting the proportion of all postneonatal infant deaths that are due to each of the 4 most

common causes for postneonatal period (in relation to overall USMR)

USMR % pneumonia In(PN)=0.26*In(USMR )+0.00*(In(USMR))*+2.50 0.05

USMR % congenital In(CA)=0.91*In(USMR)-0.37*(In(USMR))*+3.08 0.49
abnormalities

USMR % SIDS In(SIDS)=-5.16*In(USMR)+1.00*(In(USMR))*+8.93  0.10

USMR % accident In(ACC)=-0.67*In(USMR)+0.10*(In(USMR))*+3.21  0.04

Predicting the proportion of all deaths that occur in 1-4 years children that are due to each of the
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4 most common causes for 1-4 years period (in relation to overall USMR)

U5SMR % accident In(ACC)=0.11*In(USMR)-0.01*(In(USMR))*+3.53 0.03
U5MR % congenital In(CA)=3.13*In(USMR)-0.66*(In(USMR))*-0.99 0.24
abnormalities
USMR % pneumonia In(PN)=-3.41*In(USMR)+0.68*(In(USMR))*+6.15 0.19
U5SMR % diarrhea In(DI)=3.35*In(USMR)-0.48*(In(USMR))*-3.53 0.46
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Figure 3.4 The relationship between USMR and proportion of deaths in children under

5 years due to the most common 8 causes of death based on the best model

*Note: (a) Preterm birth and low birth weight; (b) Birth asphyxia; (c) Congenital

abnormalities; (d) Accidents; (e¢) Pneumonia; (f) Sudden infant death syndrome; (g) Diarrhea;

(h) Neonatal sepsis. Data points represent studies with available information and the size of

the “bubbles” is proportional to the total number of child deaths observed in each study, 95%

confidence interval is shown across the range of data with lower (lwr) and upper (upr)

confidence bounds.
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Figure 3.5 The relationship between USMR and proportion of age group or deaths in children under 5 years based on the best model

*Note: (a) relationship between USMR and proportion of all 0-4 year deaths observed in 3 in different age groups: neonates, postneonatal infants, and
1-4 years children; (b) relationship between USMR and proportion of neonatal deaths due to each of the 4 most common causes: Birth asphyxia,
Preterm birth, Pneumonia, Congenital abnormalities; (c) relationship between USMR and proportion of post-neonatal infant deaths due to each of the 4
most common causes: Pneumonia, SIDS, Congenital abnormalities, Accidents; (d) relationship between USMR and proportion of deaths in children

aged 1-4 years due to each of the 4 most common causes: Accidents, Congenital abnormalities, Pneumonia, Diarrhea.
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3.4 Generating national and provincial estimates

3.4.1 Main causes of child deaths from 2009 to 2015

From 2009 to 2015, the neonatal, postneonatal, 1-4 years and under-five mortality rates have
declined by 39.6% (from 9.1 to 5.5 per 1,000 live births), 40.4% (from 3.8 to 2.2 per 1,000
live births), 28.5% (from 4.1 to 3.0 per 1,000 live births) and 37.1% (from 17.0 to 10.7 per
1,000 live births) respectively (Figure 3.6).
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Figure 3.6 Trends in mortality rates (per 1,000 live births) in China during 2009-2015

in neonates, post-neonatal infants, 1-4 years children and children under 5 years

*Note: NMR refers to neonatal mortality rate, PIMR refers to post-neonatal infant mortality

rate, 1-4MR refers to 1-4 years mortality rate, and USMR refers to under 5 mortality rate.

Based on the final model that was derived from 288 independent studies, the changes in
distribution of the leading COD occurring in different age groups from 2009 to 2015 are
shown in Figure 3.7, detailed information can be found in Appendix Table 6-12. Neonatal
deaths accounted for half of the deaths in children under 5 years, while the proportions of
post-neonatal deaths and 1-4 years deaths were similar, which fluctuated around 21% and 27%

respectively.
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Figure 3.7 Distribution of deaths in children under S years in China by age group,

2009-2015
*Note: NEO: neonates, PINF: postneonatal infants, 1-4y: 1-4 years old children.

The main COD in children under 5 years of age are shown in Figure 3.8a: from 2009 to
2015, the proportions of deaths due to infectious causes — pneumonia and diarrhea - fell
substantially with the overall reduction of USMR: pneumonia from 16.4% to 12.4%, and
diarrhea from 5.3% to 3.2%. In addition, the proportion of birth asphyxia also fell slightly
(from 16.1% to 15.2%), while the proportion of preterm birth and low birth weight rose
slightly (from 16.7% to 17.4%). The proportion of congenital abnormalities increased much
faster as a proportional cause: from 10.6% to 14.1%. The proportions of neonatal sepsis and
SIDS also showed an increase in this time period (from 1.1% to 1.6%, and 5.8% to 6.6%
respectively). With the reduction of USMR, the proportion of accidents fluctuated around

13.5% with no obvious tendency towards either increasing or declining.

The changes in the distribution of the main COD in neonates from 2009 to 2015 are shown
in the Figure 3.8b. From 2009 to 2015, the proportions of deaths attributable to neonatal
causes - birth asphyxia, preterm birth and low birth weight and neonatal sepsis - accounted
for more than half of all the deaths. The proportional contribution of preterm birth and low

birth weight and neonatal sepsis gradually increased from 30.3% to 33.0% and 1.9% to 2.8%,
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respectively. The proportion of birth asphyxia declined slightly during this period - from 29.2%
to 28.6%. Infectious causes — pneumonia and diarrhea - continued to decrease, from 12.8%
to 10.7%, and 1.5% to 0.9%, respectively. The proportion of congenital abnormalities
increased from 9.0% to 11.3%, while the proportion of accidents decreased from 4.3% to

3.8%, and the proportion of SIDS was fairly constant around 3%.

The changes in the distribution of the main COD in post-neonatal infants from 2009 to 2015
are shown in Figure 3.8c: from 2009 to 2015, the proportions of infectious causes —
pneumonia and diarrhea - declined substantially, from 33.7% to 23.1%, and from 11.6% to
5.2%, respectively. At the same time, the proportions of congenital abnormalities and SIDS
increased from 13.2% to 21.6%, and 15.6% to 20.0%, respectively. The proportions of
neonatal sepsis and accidents also rose slightly - from 0.5% to 0.8%, and from 8.2% to 8.8%,
respectively. Other neonatal causes - birth asphyxia and preterm birth, and low birth weight,

remained relatively low, contributing to about 2.0% of all deaths during this period.

The changes in the distribution of the main COD in the children 1-4 years of age from 2009
to 2015 is shown in Figure 3.8d. From 2009 to 2015, the proportions of congenital
abnormalities kept on increasing from 11.9% to 13.7%, while the other main causes —
accidents and diarrhea - both declined, from 38.4% to 35.2%, and from 8.7% to 7.6%,
respectively. The proportion of pneumonia declined from 8.7% to 7.6% and then remained at
this level. The proportion of SIDS was around 3%. This trend of predominant reduction in

the main causes resulted in the proportion of other causes increasing from 30.1% to 34.7%.
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Figure 3.8 Causes of child deaths in China, 2009-2015

*Note: (a) Children under 5 years; (b) Neonates; (c) Post-neonatal infants; (d) 1-4 year old
children; BA - Birth asphyxia, PB - Preterm birth and low birth weight, CA - Congenital

abnormalities, SEP - Neonatal sepsis, PN - Pneumonia, DI - Diarrhea, ACC - Accidents,

SIDS - Sudden infant death syndrome, OT - Other.

3.4.2 Main causes of child deaths in 2015

In 2015, the national USMR was 10.7 per 1,000 live births, according to UN IGME's
estimates. The national PIMR was estimated to be 2.2 per 1,000 live births, and NMR was

5.5 per 1,000 live births. The “envelope” for the year 2015 is shown in Table 3.5.
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Table 3.5 The national estimates of mortality rates and numbers of deaths in 2015

Indicator Estimate
Live births 16,988,246
USMR (per 1,000 live births) 10.7
NMR (per 1,000 live births) 5.5
PIMR (per 1,000 live births) 2.2
1-4MR (per 1,000 live births) 3.0
Total deaths in children under 5 years 181,574
Neonatal deaths 93,435
Im-11m deaths 38,066
lyr-4yr deaths 50,073

*Note: USMR refers to under-5 mortality rate, NMR refers to neonatal mortality rate, PIMR

refers to post-neonatal infant mortality rate, 1-4MR refers to 1-4 years mortality rate.

The provincial estimates of USMR, NMR, PIMR and 1-4MR are shown in Table 3.6. In
2015, USMR was lowest in Beijing and highest in Tibet, NMR, PIMR and 1-4MR had the
same trend as USMR (Figure 3.9). USMRs in China had an inverse relationship with
economic development (based on Gross Domestic Product (GDP) per capita), provinces with
high GDP per capita had lower USMRs, such as Beijing and Shanghai, while provinces with
lower GDP per capita had highest USMRs, such as Xinjiang and Tibet (Figure 3.10). Based
on geography, USMRs were low in the East region with higher levels of economic
development. USMRs were higher in the Central region, and the highest in the West region,
which is least developed (Figure 3.11).

Table 3.6 The provincial estimates of mortality rates in 2015

Mortality Rate (per 1,000 live births)

Province
NMR PIMR 1-4MR USMR
Beijing 1.9 1.0 1.1 4.0
Jiangsu 2.5 1.2 1.4 5.1
Guangdong 2.7 1.3 L5 5.5
Shanghai 2.8 1.3 1.6 5.7
Tianjin 3.2 1.4 1.8 6.3
Zhejiang 33 1.4 1.8 6.6
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Jilin 3.5 1.5 1.9 6.9

Liaoning 3.6 1.5 2.0 7.1

Fujian 4.0 1.6 2.2 7.9

Shandong 4.2 1.7 2.3 8.1

Shanxi 4.4 1.7 2.4 8.5

Hunan 4.7 1.9 2.5 9.1

Guangxi Zhuang AR 53 2.1 2.9 10.3
Hubei 53 2.1 2.9 10.3
Heilongjiang 54 2.1 2.9 10.4
Anhui 5.5 2.1 2.9 10.5
Henan 5.7 2.2 3.0 10.9
Hebei 5.9 2.3 3.1 11.3
Chongqing 6.0 23 32 11.4
Sichuan 6.6 2.5 3.5 12.6
Inner Mongolia AR 6.6 2.6 35 12.7
Shaanxi 6.9 2.7 3.7 13.3
Jiangxi 7.3 2.9 3.9 14.1
Hainan 7.5 2.9 4.0 14.4
Ningxia Hui AR 7.9 3.1 4.1 15.1
Yunnan 8.4 33 4.4 16.1
Guizhou 9.0 3.6 4.7 17.4
Qinghai 9.2 3.8 4.8 17.8
Gansu 10.8 4.6 5.7 21.1
Xinjiang Wei AR 13.2 6.2 6.9 26.4
Tibet AR 16.5 9.0 8.6 34.1

*Note: NMR refers to neonatal mortality rate, PIMR refers to post-neonatal infant mortality

rate, 1-4MR refers to 1-4 years mortality rate, USMR refers to under 5 mortality rate.
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Figure 3.9 Child mortality rates in 31 provinces in China in 2015

*Note: Provinces are ranked according to under-5 mortality rates (recorded in x-axis label);
NMR refers to neonatal mortality rate, PIMR refers to post-neonatal infant mortality rate,

1-4MR refers to 1-4 years mortality rate.
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*Note: (a) Under-5 mortality rates; (b) Neonatal mortality rates; (c) Post-neonatal infant mortality rates; (d) 1-4 years mortality rates.
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Figure 3.12 shows how the spectrum of the main causes of child deaths changed with the
age group in 2015. Among the main COD in children under 5 years (Figure 3.12a), the
leading causes were preterm birth and low birth weight and birth asphyxia, both responsible
for more than 15% of all child deaths. In addition, congenital abnormalities (14.1%),
accidents (13.5%) and pneumonia (12.4%) also contributed substantially, with SIDS adding
further 6.6%. Among neonates (Figure 3.12b), preterm birth and low birth weight and birth
asphyxia contributed more than half of the neonatal deaths, accounting for 33.0% and 28.6%,
respectively. Congenital abnormalities (11.3%) and pneumonia (10.7%) were also the main
causes which accounted for more than 10% of all neonatal deaths. Among post-neonatal
infants (Figure 3.12c¢), most deaths were caused by pneumonia (23.1%), congenital
abnormalities (21.6%) and SIDS (20.0%), followed by accidents (8.8%) and diarrhea (5.2%).
Among the children aged 1-4 years (Figure 3.12d), accidental deaths (mainly drowning,
asphyxia, falls, traffic accidents and poisoning) became the dominant COD (35.2%).
Congenital abnormalities (13.7%), pneumonia (7.6%) and diarrhea (5.8%) also contributed a
lot. Another dominant category was “other” (34.7%), accounting for more than one third of

the deaths in 1-4 years children, which mainly included tumors and meningitis.
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Figure 3.12 Proportional distributions of main COD in neonates, post-neonatal infants,

1-4 years children and children under 5 years in China in 2015
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*Note: (a) Children under 5 years; (b) Neonates; (c) Post-neonatal infants; (d) 1-4 years
children; BA - Birth asphyxia, PB - Preterm birth and low birth weight, CA - Congenital
abnormalities, SEP - Neonatal sepsis, PN - Pneumonia, DI - Diarrhea, ACC - Accidents,

SIDS - Sudden infant death syndrome, OT - Other.

The spectrum of causes of child deaths in 31 Chinese provinces (ranked by USMRs) in 2015
is shown in Figure 3.13. In 2015, USMR ranged from 4 per 1,000 live births in Beijing to
34.1 per 1,000 live births in Tibet. Correspondingly, the leading causes in children under 5
years (Figure 3.13a) in wealthier provinces (with lower USMRs) were congenital
abnormalities, preterm birth and low birth weight, and birth asphyxia, while in the poorer
provinces (with higher U5MRs), the proportions of infectious diseases were still the
dominant COD, especially for pneumonia. Among neonates (Figure 3.13b), the distributions
in the COD between wealthier and poorer provinces were quite similar, with birth asphyxia
and preterm birth and low birth weight being the top two causes. The proportions of
congenital abnormalities were higher in the wealthier provinces than in the poorer provinces,
where pneumonia was still one of the leading causes. Among post-neonatal infants (Figure
3.13¢), the spectrum of causes changed dramatically: the leading cause changed from
congenital abnormalities (in wealthier provinces) to pneumonia (in poorer provinces).
Among the children aged 1-4 years (Figure 3.13d), accidents were the top COD in every
province, while the poorer provinces were still observing a large burden of death from

diarrhea.
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Figure 3.13 Proportional contributions of common causes of child deaths in 31 provinces in China in 2015

*Note: Provinces are ranked according to under 5 mortality rates (recorded in x-axis label); (a) Children under 5 years; (b) Neonates; (c) Post-neonatal
infants; (d) 1-4 years children; BA - Birth Asphyxia, PB - Preterm birth and low birth weight, CA - Congenital abnormalities, SEP - Neonatal sepsis, PN
- Pneumonia, DI - Diarrhea, ACC - Accidents, SIDS - Sudden infant death syndrome, OT — Other.
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4 DISCUSSION

The relationship between COD in children and overall USMR has been well-recognised as a
useful approach to predict the main COD based on overall mortality (Lopez, 2003; Salomon
& Murray, 2001). Through the means of systematic reviewing of relevant local
community-based epidemiological studies, the leading causes can be assessed. In China,
although the number of MCMS surveillance sites has increased to 336 counties/districts
covering 31 provinces of Mainland China, the data of MCMS only has national or regional
representativeness, but it does not allow province-level estimates. Provincial spectrum of
COD in children can only be understood through indirect estimates. This study is based on
the most recent comprehensive review of independent studies of causes of child mortality in
Mainland China. It provides an update to the previous estimates of COD in children in China,
which is relevant both to understanding of the major COD in different stages of early life,
and to understanding and mapping the considerable health inequities among different
provinces in China. More importantly, although I based all my estimates on an entirely new
database and a substantially revised statistical model, my study successfully validated and
replicated the results of the previous analysis which was presented in the study by Rudan and
Chan (Rudan et al., 2010). Given the level of resemblance of the key results, further analysis
could be conducted to generate a complete time series of cause structure for China from the

year 2000 to 2015.

4.1 Methods for predicting causes of child deaths

In the absence of reliable data on COD in CRVS, model estimates are the best alternative. In
comparison to the previous study, this study also contained the search for additional studies
in English to ensure the completeness of available information. In addition, I applied perhaps
the most comprehensive search strategy and more stringent data collection criteria, which
increased the yield of studies. Another obvious merit is the consistency of input data,
because nearly all of the included studies were based on local MCMS data, implying a
standardised approach to the data collection, quality control, definition and assignment of
COD procedures, as explained in Chapter 1. Furthermore, only studies with high quality and

considerable sample size were included in the analysis. When extracting data from included
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studies, I expanded the data extraction form against the MCMS death card to involve every
possible COD. In this way, although some of the rare causes were not included in the final
analysis because of the lack of sufficient amount of information, the proportions of the
studied causes were not further skewed, or influenced by those rare causes. All of the above
factors ensured the accuracy and robustness of the database with information upon the

estimates were later based.

When defining the relationship between proportional COD and overall USMR, I firstly tested
several different statistical predictive models. I used different weighting methods and
variables and then proposed the best-performing model, which was consistent with the
previously used model in the CHERG's China estimates to great extent (Rudan et al., 2010).
Testing several different models for optimal performance is an important new feature in this
study that represents the advance over the previous approach. In addition, although the
single-model method was adopted, in MCMS sites, only one primary COD should be
assigned to one death according to the surveillance regulation (Department of Maternal and
Child Health, 2013). The rigorous criterion of only choosing “multi-cause" studies in my
analysis guaranteed that the reported sum of COD attributable to each cause was 100% in
every included study. This avoided the potential problem of the sum of all single-cause
estimates adding up to more than 100% of the known number of total deaths ("envelope"),
which can occur when single-cause models are primarily relied upon (Black et al., 2010;

Morris, Black, & Tomaskovic, 2003).

Generally, the relationships between the proportional of various COD and the overall USMR
were strong and internally consistent the models. Typically, the higher the USMR, the higher
the proportion of deaths due to infectious causes and the lower the proportion of deaths due
to congenital abnormalities. This study shows that complex statistical models, although not
the best solution, can still serve the purpose of developing estimates of cause-specific child
mortality where the primary data on COD are not available, but there is universally available
information of USMR and its relationship to the proportion of each one of the main COD
(defined by statistical models). My analyses produced internally consistent estimates that can
now be used for local policy making and priority setting (Knippenberg et al., 2005). In the
present context of China, the presented model-based analyses can be readily used to conduct
national and provincial estimates in all cases where MCMS primary data are not available
for analysis. Moreover, even when the MCMS data are available, the predictive models

should still have merit as a supplementary - or even a dominant - information source,
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especially when estimating local (provincial) distributions of COD, where MCMS data are

either absent or lack representativeness.

4.2 Summary of findings and recommendations

In the last two decades, China has made great progress toward reducing child mortality,
which serves as an important result of many inputs into its rapid economic development
(Feng, Theodoratou, et al., 2012). The year 2009 was one of the most important years in the
history of China’s health system development, with the announcement of the nation-wide
full-scale “Health Care System Reform” (Guo, Bai, & Na, 2015; Yip et al., 2012). The
reform was set to achieve comprehensive universal health coverage, which has then become
the primary target of the new Chinese health care system. Better health services were also
provided to vulnerable population, especially to children, women and elderly (Xiong et al.,
2013). Since 2009, the reduction of USMR has continuously been successful after the MDG
4 had already been achieved in 2007 (National Health and Family Planning Commission,
2014). With primary aim of this study being related to estimating proportions attributable to
different COD, the spectrum of COD in children in China in the period 2009-2015 has been
successfully defined in my analysis. The estimates in this study could now represent a basis

for targeted interventions and policies that can be initiated.

4.2.1 Neonatal diseases

The estimated levels and trends in NMR, PIMR, 1-4MR and USMR were similar relatively
to each other during the period between 2009 to 2015. The proportions of deaths occurring in
different age groups were reasonably steady, with more than half of all child deaths
occurring in the first four weeks of life (the neonatal period). The burden of neonatal deaths
was very high across the entire Chinese nation, regardless of the level of development of
different provinces in the period 2009-2015. Although the knowledge, management
procedures, interventions and technologies to avert deaths in the neonatal period exist and
their coverage is expanding across China, my estimates show that there is still a large
number of children who die each year because of the conditions that occur in neonatal period,

and many of which are preventable (World Health Organization, 2012).

According to the model estimates, the proportion of deaths due to preterm birth

complications keeps increasing in China. Preterm birth complications have been the leading
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COD in children under 5 years in China over the past seven years continually. Complications
of preterm births are also regarded as an important risk factor for other neonatal deaths,
particularly for infectious diseases (Lawn, Gravett, Nunes, Rubens, & Stanton, 2010; Schrag
et al., 2012). In my estimates, the increasing trend of neonatal sepsis was consistent with this
proposed association, as the proportion of neonatal sepsis had an increasing trend that
matched the rise in the proportion of complications of preterm birth. This temporal change
could perhaps also be explained by the rising rate of caesarean sections in China (Hellerstein,
Feldman, & Duan, 2015; Long et al., 2012), especially of the induction/elective caesarean
sections (Gibbons et al., 2010; Lawn et al., 2010). Nevertheless, the increase of caesarean
section rate can bring overall benefits and reduce neonatal mortality, as it reduces the
occurrence of birth asphyxia (Coutinho, Cecatti, Surita, Costa, & Morais, 2011;
Ramachandrappa & Jain, 2008). The outputs of my models are consistent with this, as they
imply an overall reduction of deaths due to birth asphyxia during this period. Generally, birth
asphyxia is a complex condition, influenced by many factors which include (but are not
limited to) maternal health, antenatal care and birth attendance. As a result of the launch of
national "safe motherhood" program - “the National Program to Reduce Maternal Mortality
and Eliminate Neonatal Tetanus” (in 2000) and the Health Care System Reform (in 2009),
the rates of hospital delivery and antenatal care were widely improved, even in the poorest
rural areas (Feng et al., 2010). The Neonatal Resuscitation Program, adopted by the Chinese
government nationally in 2004, also served to reduce the burden of deaths due to birth
asphyxia (Lee et al., 2011; Xu et al., 2012). The efforts listed above have all served as the
basis for improvement of maternal health and they also contributed to the reduction of NMR
and deaths due to birth asphyxia (Feng et al., 2010; Feng, Xu, Guo, & Ronsmans, 2011;
National Health and Family Planning Commission, 2014).

With the trend stated above, in 2015, the deaths due to neonatal diseases were still on the rise
among all causes of child death, with preterm birth complications as the top cause and birth
asphyxia as the second. Prematurity is well-recognised to represent a health risk which
continues to have effects far beyond the early life. Some of the long-term implications of
being born too soon include intellectual impairment, non-communicable diseases (such as
diabetes and hypertension), mental health disorders and chronic respiratory diseases
throughout the entire lifespan (Gravett & Rubens, 2012; World Health Organization, 2012).
All this makes preterm birth a significant and long-term health problem. Although the
mechanisms underlying preterm birth are considered to be very complex and they can be

contributed to a number of risk factors - including maternal characteristics, nutritional status,
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psychological characteristics, infection, uterine contractions, and others (Goldenberg,
Culhane, lams, & Romero, 2008) - it should be possible to prevent more than three quarters
of preterm births with cost-effective measures such as antenatal corticosteroids. The large
share of deaths that still occur in the neonatal period highlights the importance of initiating
health interventions at the start of life. When defining the policy to improve child survival,
one priority should be set to enhancing the capacity for early recognition of neonatal diseases
among both parents and postpartum care professionals, such as community nurses or village
doctors, especially in rural poor areas, in order to reduce the mortality related to this

particular age group.

4.2.2 Infectious diseases

Similarly to the trends previously observed in the period between 2000 to 2008 (Rudan et al.,
2010), from 2009 to 2015 the overall decrease of USMR could have mainly been contributed
to a substantial decline in deaths attributable to infectious diseases, particularly childhood
pneumonia and diarrhea. This is consistent with the trend observed in some previous studies
- both in China and globally (He et al., 2015; L. Liu et al., 2012). The progress in reducing
the proportional contribution of pneumonia and diarrhea is significant: in 2015, the
proportion of deaths due to pneumonia has declined to 12.4%, with a reduction rate of 24.4%
in comparison to the baseline contribution in the year 2009. Globally, China is still ranking
as one of 15 countries with the highest burden of childhood pneumonia (Walker et al., 2013),
while in China pneumonia still regularly features among the five leading COD in children

under 5 years, especially in poor developing areas, such as Tibet and Xinjiang provinces.

Pneumonia typically develops as a combination of risk factors related to host, environment
and infectious agent (Rudan, Boschi-Pinto, Biloglav, Mulholland, & Campbell, 2008).
According to an analysis from National Surveillance System, the decline in pneumonia
deaths in China can be largely explained by a rapid economic growth, increasing access to
child health care and antibiotic treatment, improvement in child nutrition (such as
breastfeeding and nutrients supplementation), and health promotion (He et al., 2015). These
may also be important contributors to another infectious disease - diarrhea. From 2009 to
2015, the reduction in diarrhea has also been quite dramatic, declining from 5.3% to 3.2%,
with a reduction rate of 39.6%. However, this analysis confirmed that in China diarrhea was
not such a common COD among children under 5, in comparison to some other developing

countries (Boschi-Pinto, 2008), this may be partly explained by the common Chinese
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cultural practice of eating cooked food and drinking boiled water and some other hygiene

practices (J. Zhang, 2012).

Another feature is that infectious diseases were most relevant as the COD in post-neonatal
infant period: pneumonia was the leading cause among children aged 1-11 months during the
entire period between 2009 and 2015. Still, it also showed marked reduction during this
period, which is in line with the results from several previous studies (Ma et al., 2014;
Theodoratou et al., 2011; UNICEF, 2008; Van Look, Heggenhougen, & Quah, 2011). This
implies that a special attention should be given to post-neonatal infants when expanding
effective preventive and curative interventions among vulnerable children. Although the
statistical modelling procedures in this study didn’t take socioeconomic factors into
consideration when determining the proportional COD in each year, indirect factors such as
education, standard of living and household condition may have played important roles in
this process. For policy making, interventions such as promoting breastfeeding practice,
preventive zinc supplementation and expansion of vaccine coverage have been proven to be
effective for both pneumonia and diarrhea (Bhutta et al, 2013). Introduction of
health-promoting factors, as well as the focus on improved social determinants of health, are
thought to have a large effect on improving the chances for survival among infants and

young children (Sjursen, 2011; Zheng et al., 2013).

4.2.3 Congenital abnormalities

The burden of congenital abnormalities was growing during the period of 2009 to 2015, with
a trend to replace birth asphyxia and become the second most significant cause of child
deaths in China in the future years. In 2015, congenital abnormalities have become the third
most common cause of death in children under 5 years. This cause was particularly
important among post-neonatal infants, where congenital abnormalities have become the
second leading cause, accounting for more than one fifth of total deaths and having a
continuous increasing trend. Congenital abnormalities are set to become the leading cause of
death in China in a not so distant future. According to the demographic distribution in 2015,
congenital abnormalities have already become the leading cause of deaths in several

economically highly developed provinces, such as Beijing and Jiangsu.

There is a number of possible reasons for the increasing proportion of congenital

abnormalities, such as genetic factors, socioeconomic and demographic factors, maternal
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nutrition, environmental teratogens exposures, etc. (World Health Organization, 2010).
However, for a broad cause of congenital abnormalities, primary prevention can only be
effective when the understanding of causes is clear. As an example, neural tube defects
(NTDs) can be effectively prevented with periconceptional folic acid supplementation
(World Health Organization, 2007). Preventing congenital abnormalities has long been a
policy priority in China (Dai et al., 2011). From 1980s, the Chinese central government
began to establish the birth defects surveillance system nationally. Presently, this surveillance
has already become a unique part of MCMS and it includes two independent systems:
national and provincial hospital-based surveillance, and national and regional
population-based surveillance. The magnitude of the problem can be assessed through this
surveillance and data collection, but more detailed split of the causes of congenital
abnormalities should be explored. Major factors affecting the prevalence and distribution of
congenital abnormalities should also be understood, with more efforts diverted to revealing
the situation of congenital abnormalities in detail, to provide the basis of targeted policy,

especially for researches on etiology, prevention and treatment.

4.2.4 Accidents

The importance of accidents has drawn much attention worldwide, and also in China (K. Y.
Chan et al., 2015; Holtz, 2013). Based on the estimates in this study, the proportion of child
deaths due to accidents has remained comparatively stable in the last seven years from 2009
to 2015, and even across the whole nation geographically. However, the share of deaths due
to accidents has been rising among post-neonatal infants and 1-4 year old children. The risk
of accidental child death was the largest among the children aged 1-4 years, where this was

the leading cause in the last seven years.

Among all types of accidents, drowning has long been recognised as a very important cause,
based on both the surveillance data and modelling estimates (K. Y. Chan et al., 2015; Y.
Wang et al., 2014). This suggests that prevention strategies focused on child drowning
should be made as a national policy priority. However, for children under 5 years, the widely
adopted drowning prevention - which is to teach children to swim - although proven to be
beneficial, it probably will not contribute much to preventing drowning deaths among
younger children (S. Wang et al., 2008; Li Yang, Nong, Li, Feng, & Lo, 2007). A more
comprehensive and effective prevention program should be developed to reduce water

hazards. Such programs should aim to enhance the infrastructure and provide sufficient and
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appropriate supervision of children through educating their parents, especially in the areas
where the sea, rivers and lakes are in the close vicinity of the houses. In addition, other major
accidental causes include traffic accidents, accidental asphyxia and falls. The national and
even provincial estimates of breakdown of deaths due to accidents can increase the universal
awareness of the harm of accidents and provide basis for policy-making on a large scale.
This could include health development financing plan at the national level (K. Y. Chan et al.,
2015), but more effective community-based interventions can only be successful when

taking local environments into consideration.

4.2.5 Sudden infant death syndrome

The trend of SIDS resembled that of preterm birth complications (Goldstein, Trachtenberg,
Sens, Harty, & Kinney, 2016) in the last seven years. According to my estimates, the burden
of mortality due to SIDS has risen to 6.6% in children under 5 years in 2015. The situation
was the worst among post-neonatal infants, where deaths due to SIDS accounted for one fifth
of the total deaths. The regional burden of SIDS was the highest among post-neonatal infants
in provinces with medium levels of under-five mortality, such as Anhui, Henan and
Heilongjiang. The reasons for SIDS have long been regarded as unexplained, but some risk
factors have been revealed over time, such as gender, smoking exposure, preterm birth,
sleeping position and bed sharing (Gilbert, Salanti, Harden, & See, 2005; Task Force on
Sudden Infant Death Syndrome, 2005; K. Zhang & Wang, 2013). Recommendations such as
creating a safer sleeping environment, breastfeeding, or use of pacifiers (Mitchell, 2007) can

all be adopted to reduce the burden of SIDS in specific circumstances.

However, it’s hard to distinguish between SIDS and accidental asphyxia as a direct cause of
death (Kim, Shapiro - Mendoza, Chu, Camperlengo, & Anderson, 2012), especially in most
cases of sleep-related infant deaths. The diagnosis used in death certificates (e.g., accidental
suffocation, positional accidental asphyxia, and indeterminate cause) may influence the
estimates of the true burden of SIDS and over- and under-estimate them (Kinney & Thach,
2009). In some cases, the definition of SIDS even includes mechanical asphyxia or
suffocation (F Krous, 2010; Krous et al., 2004). In MCMS, there’s no preset category of
SIDS for estimating the real burden. However, the high prevalence of preterm births and
culturally highly prevalent practices of all-night bed sharing (particularly newborns and
infants) make it persuasively acceptable that SIDS was generally classified into the preset

category of accidental suffocation (Jiang et al., 2007; X. Liu, Liu, & Wang, 2003). The
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uncertainty about coding of SIDS makes it difficult to try to understand more about this

important cause of death.

4.3 Limitations and future direction

Nonetheless, there are several important limitations to this study. For modelling method,
although the applied model in this study was based on the best available information from
high-quality studies, which were distributed reasonably evenly across all Chinese provinces,
the model may still be biased because of unmeasured characteristics of the study population
from each individual study. In order to specify the most comprehensive and robust
association between the proportions of COD and overall USMR, a number of additional
covariates should be considered, such as the local socioeconomic development level,
vaccination rate, etc. Therefore, the estimates in this study should only be considered to
represent a rough approximation of the true picture of the spectrum of causes of child deaths
in China. Future work will be needed to externally validate the estimates presented in this
study. This can be achieved by comparing my results with the primary surveillance data from
MCMS, which should also help to clarify the large and uncertain “other” cause. Moreover,
internal validation should also be conducted to test the performance of the model. A better
understanding of inherent limitations of the model-based estimates can be achieved by
presenting all point estimates with their realistic uncertainty ranges. In future studies,
uncertainty ranges should be added to the model and they could rely on

"sampling-resampling" methods (Lawn, 2009).

For the purpose of defining the distribution of COD, this study only focused on a limited
number of selected leading causes. This is especially true for a large category of causes such
as “accidents” and “congenital abnormalities”, which comprises an entire set of
complications, rather than a single, specific disease or cause. In this way, the estimates for
diarrhea or sepsis, as an example, would seem to be less important when compared with the
entire sets of causes. In a recent paper, all accidental causes have been partitioned into more
specific categories (K. Y. Chan et al., 2015). Further comparisons among specific causes and
a detailed analysis of accidental causes can better reveal the importance of different specific
causes. For congenital abnormalities, an additional effort should be made to reveal the
detailed spectrum. This could be realised through modeling based on the current birth defect
surveillance system and provide an additional value to the study on causes of child deaths in

China. Second, the estimates of SIDS in this study were based the contribution of accidental
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suffocation as recorded in the death card. Although efforts have been made to address this
important issue properly, over-estimation may still exist and further research should be
conducted to find out the real contributors to accidental suffocation. This should make it
possible to split SIDS from other causes of accidental suffocation. Thirdly, misclassification
may have occurred when there was no clinical diagnosis or treatment before death, even
though a detailed interview with the parents or main guardians were conducted to identify
the factors attributing to the child death. This is a routine data collection procedure in MCMS.
We should be aware that the low specificity of verbal autopsies may lead to an
underestimation of some specific causes, especially those relying on medical diagnosis (e.g.
infectious diseases, tumor, and nervous system disease) (He et al., 2015; Rudan et al., 2008).
Future research could focus on the difference between diagnosed and self-reported COD.
Even the difference in diagnosis by different levels of health facilities can provide a glance
on possible misclassification, which can be further adopted to adjust the model-based

estimates or even primary-data based MCMS reports.

Additionally, despite all major advantages, constructing and improving statistical models of
COD distribution should never become the ultimate focus of child death research.
Substantial progress can only be made through collection of sufficient amount of informative
data (L. Liu et al., 2012). More attention should be focused on improving the availability and
quality of CRVS, MCMS and MCHARS data resources in China and their combining in
order to estimate overall and cause-specific mortality rates, which can then provide improved

picture of the causes of child deaths in China.

According to the information of the place of occurrence of child deaths as reported by the
MCMS (Figure 4.1), there was still a large proportion of child deaths taking place at home
or on the way to health care facility in rural areas in 2004, which was observed even in the
most economically advanced rural places (UNICEF, Organization, & Activities, 2006).
Future research on location of child deaths could potentially address the performance of the
current health system, through using the relationship between the place of child death, the
overall mortality rate and the spectrum of COD as an indicator of health system performance.
If such indicator could be established, then the estimates of places of deaths or assessment of
local health system performance could be conducted at province levels, or in areas where

primary surveillance data are not available.
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Figure 4.1 Places of child deaths by types of rural counties, 2004 (source: (UNICEF et
al., 2006))

*Note: Rural areas type L, II, III or IV were categorised by socioeconomic development level,
with type I being the richest and type IV being the poorest (Feng, Xu, Guo, & Ronsmans,
2012).

More importantly, complementary “social autopsy” data in MCMS child report card, which
focus on the social, behavioral and health systems determinants of child deaths (Waiswa,
Kalter, Jakob, & Black, 2012), should be analysed by using either the primary MCMS data
or systematic review methods. They should aim to explore the underlying non-biological
factors contributing to deaths where no treatment was administered, or care sought before
dying. As a valuable complementary information of COD, social autopsy should be used to
show how social, behavioral and health systems-related factors can combine in causing the
deaths. This should inform us on the amount of preventable deaths whenever the access to
(and use of) health care are universal in most areas. It should also provide more information
to health sector policymakers and programmers to identify health priorities and develop
effective targeted strategies (Kalter, Salgado, Babille, Koffi, & Black, 2011; Waiswa et al.,
2012).

Furthermore, the differences in the distribution of COD between boys and girls can also shed
a light on gender equity in child death, and the differences in mortality rates between migrant
groups' children and resident groups' children can reflect the specific vulnerability of a large
number of migrant children, who come from rural areas to contribute to a process of rapid
urbanization (China Labour Bulletin, 2013; Tang et al., 2008; Y. Wang et al., 2015). For the
leading cause of preterm birth complications, differentiating spontaneous and medically
induced preterm birth is of policy importance because of the high rate of caesarean sections

in China (Lawn et al., 2010). All these issues should be considered when designing the
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analyses of COD in future studies, where primary data are available and priorities should be

set to eliminate the equity gap (L. Wang & Jacoby, 2004).
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APPENDICS

Appendix Table 1 Child Death Report Card

Year: 20

District/Countynooooo

oRe-made Card

Card No.: Health Statistics 49
Enact Authority: Ministry of Health
Approval Authority: National Bureau of Statistics

Approval No.: National Statistics [2012]184

Period of validity: 12/2014

No. Dooooooo

Address_  Town(Area)_ Street(Village)_
Father’s Name Mother’s
Name

Child’s Name Tel

Census Register: (1)Local  (2)Non-local: living for less 1

year (3)Non-local: living for 1 year and above m

Gender: 1.Male 2.Female 3. Sexual Ambiguity i

Birth Date Year Month | Day
Birth Weight g (1)Measured (2)Estimated O
Gestational Age weeks

(b) Disease or Situation directly led to (a)

(c) Disease or Situation directly led to (b)

(d) Disease or Situation directly led to (¢)

Primary Death
Cause

Death Cause Code oo
ICD-10 Code oooo

Death Location: (1) Hospitals (2) On the Way
(3) Home

Treatment Before Death: (1) In Hospital

Outpatient

(3) No Treatment

Diagnostic level: (1) Provincial (Municipal)

2
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Birth Location:

Provincial (Municipal) Hospitals

District (County) Hospitals

Street (Town) Health Centres

Village Clinics
On the Way
Home

Death Date

Death Age

Year

Month

Day

Years

Months

Days

Hours

Death Diagnosis:

(a) Disease or Situation directly led to death

(2) District (County)

(3) Street (Town)

(4) Village Clinics

(5) No Treatment O
Main Reason of No Treatment: (Single Selection)
(1) Financial Difficulty

(2) Traffic Inconvenience

(3) Too Late to Hospital

(4) Parents Thought Disease was not Serious

(5) Custom

(6)Other(Please Specify) O
Death Diagnosis Basis: (1) Pathologic Autopsy
(2) Clinical

(3) Estimated o

Report Institution

Report Staff

Report Date
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Appendix Table 2 Child Death Cause Code

0l Dysentery 19 Birth asphyxia

02 Sepsis 20 Neonatal tetanus

03 Measles 21 Neonatal scleredema

04 Tuberculosis 22 Intracranial hemorrhage

05 Other infectious and parasitic diseases | 23 Other neonatal diseases

06 Leukemia 24 Drowning

07 Other tumor 25 Traffic accident

08 Meningitis 26 Accidental asphyxia

09 Other neurological disease 27 Accidental poisoning

10 Pneumonia 28 Accidental fall

11 Other respiratory diseases 29 Other accidents

12 Diarrhea 30 Endocrine, nutritional and metabolic diseases
13 Other digestive diseases 31 Hematopoietic and hematopoietic organ diseases
14 Congenital heart disease 32 Circulation system disease

15 Neural tube defects 33 Urinary system disease

16 Down syndrome 34 Other

17 Other congenital abnormalities 35 Unclear diagnosis

18 Preterm or low birth weight
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Appendix Table 3 Cause variables in the data abstraction form

Field

Abbreviative

variable

Definition

Dysentery

Sepsis

Measles

Tuberculosis

Other infectious and

parasitic diseases

All infectious and

parasitic diseases

DYS

SEP

MES

TB

OT-inf

ALL-inf

Dysentery infections, common symptoms are high fever,
convulsions, coma, shock and bloody and purulent stool in late
stage.

Severe bacterial infections mostly come from umbilical or skin
infection. Most common symptoms are high fever, rash,
abdominal distension, hepatosplenomegaly for children,
hypothermia, milk refusal, pale or grey complexion, jaundice,
and convulsions for newborns. Children die of septic shock,
disseminated intravascular coagulation (DIC) and
cardiopulmonary failure.

Children have measles exposure history, Koplik's spots and
related characteristic skin rash and die of complications such as
measles pneumonia.

Most are primary complex. Children normally die of tuberculous
meningitis or miliary tuberculosis, some die of tuberculous
pleurisy, caseous pneumonia or tuberculosis peritonitis.

All other notifiable infectious diseases except dysentery, sepsis,
measles and tuberculosis, such as diphtheria, epidemic
cerebrospinal meningitis, whooping cough, scarlet fever, typhoid
and paratyphoid fevers, viral hepatitis, poliomyelitis, Japanese
encephalitis, typhus, relapsing fever, kala-azar, Tick-Borne
encephalitis, rabies, scrub typhus, hemorrhagic fever,
leptospirosis, brucellosis, anthrax, malaria and schistosomiasis,
etc.

Total deaths because of the above infectious and parasitic

diseases.

Leukemia

LKM

Malignant proliferation of white blood cells in bone marrow and
other hematopoietic organs, resulting in a large number of
immature white blood cells and released into the surrounding

bloodstream. Most common symptoms are high fever, bleeding
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tendency, lymphadenectasis, hepatosplenomegaly, severe
anemia. Children normally die of infections, intracranial

bleeding, etc.

Other tumor OT-tm All other malignancies except leukemia, such as
lymphosarcoma, Hodgkin's disease, brain tumors, etc.

All tumor ALL-tm Total deaths because of the above tumors.

Meningitis MENI Suppurative meningitis (not epidemic meningitis or tuberculous
meningitis). Most common symptoms are fever, vomiting,
convulsions, even coma, and infection lesions such as skin
purulent lesions, otitis media, etc. Children normally die of
cerebral hernia and systemic failure.

Other neurological OT-neu Acute infectious multiple nerve root inflammation

disease (Guillain-Barre syndrome), status epilepticus, cerebral palsy,
brain abscess, etc.

All neurological ALL-neu Total deaths because of the above neurological diseases.

disease

Pneumonia PN Including bronchial pneumonia, bronchiolitis, lobar pneumonia
and neonatal pneumonia. Most common symptoms are fever,
cough, dyspnea, nasal ala flap, three concave sign, medium and
fine bubbling rales in lung, and shadows on chest X-ray. For
neonates, the symptoms are note very obvious, common
symptoms are: foaming at the mouth, low response, milk refusal,
hypothermia; fever, cough are not obvious, no moist rale in lung.
Children normally die of heart failure, respiratory failure and
toxic encephalopathy.

Other respiratory OT-res Including asthma (mainly referring to status asthmaticus),

diseases empyema, pneumothorax, lung abscess, idiopathic fibrosing
alveolitis and bronchiectasis.

All respiratory ALL-res Total deaths because of the above respiratory diseases.

diseases

Diarrhea DI Including infectious and non- infectious diarrhea, common

infectious diarrhea include bacterial diarrhea (escherichia coli
and staphylococcus aureus) and viral enteritis (mainly rotavirus

enteritis). Children with severe diarrhea normally die of
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dehydration, electrolyte imbalance and circulatory failure.

Other digestive OT-dig Including gastric and duodenal ulcer, acute appendicitis,

diseases peritonitis, intestinal obstruction and intussusception.

All digestive ALL-dig Total deaths because of the above respiratory diseases.

diseases

Congenital heart CGH Including a variety of congenital cardiovascular malformations,

disease both cyanotic and non- cyanotic. Most common are patent
ductus arteriosus, atrial septal defect, ventricular septal defect
and tetralogy of fallot, etc.

Neural tube defects NTD Including spina bifida, encephalocele, anencephaly, etc.

Down syndrome DS Children with features of upward slanting eyes, wide eye span,
flat nasal bridge, half-open mouth with a protruding tongue,
mental deficiency and soft bending limbs.

Other congenital OT-CA All other congenital abnormalities except congenital heart

abnormalities disease
neural tube defects and Down syndrome, such as cleft lip and
palate, aproctia, limb deformity, esophageal atresia, etc.

All congenital ALL-CA Total deaths because of the above congenital abnormalities.

abnormalities

Preterm or low birth  PB Preterm birth refers to the birth of a baby after 28 weeks but

weight before 37 weeks (196-258 days) gestational age. Low birth
weight is a birth weight of a liveborn infant of less than 2,500g
measured within 1 hour after birth.

Birth asphyxia BA Including asphyxia during delivery or intrauterine asphyxia, the
symptoms are dyspnea, cyanosis or pale, weak cry even groan,
hypothermia or convulsions after rescue. It often occurs in
situations where mothers with pregnancy-induced hypertension,
prolong labour, umbilical cord around the neck, etc. Newborns
born without the four main vital signs (body temperature, blood
pressure, pulse/heart rate, and breathing rate) are stillborn, not
birth asphyxia.

Neonatal tetanus NT Caused by traditional delivery methods or unstrict disinfection,

incubation period is four to six days. Features are: lock-jaw,

sardonic facies, opisthotonus, repeated convulsions, more severe
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Neonatal scleredema

Intracranial

haemorrhage

Other neonatal

diseases

All neonatal diseases

NS

IH

OT-neo

ALL-neo

convulsions after stimulation. Children normally die of asphyxia
caused by convulsions or secondary infections.

Often occur among preterm, low-birth weight and illness
newborns in winter or cold season. Common symptoms are
hypothermia, no eating, less move, less crying, slow shallow
breathing, hard, cold, red, swollen and bright skin with locations
of lower limbs—haunch—trunk—face. Children normally die of
asphyxia caused by complicated with pneumonia, septicemia,
pulmonary hemorrhage or systemic failure.

Children have hypoxia history such as birth trauma, dystocia or
birth asphyxia, and common neurological symptoms: straight
eye expression or staring, sharp cry or np cry, cerebral cry
vomiting, and even convulsions, coma. Physical signs are mainly
bregmatic eminence, increased or reduced muscle tension,
diminished or disappeared primitive reflexes. Children in late
stage have respiratory failure symptoms such as apnea,
superficial, uneven or double respiration, jaw breathing, etc.
Including neonatal hemolytic diseases (ABO hemolysis, Rh
hemolytic), neonatal natural bleeding, hyaline membrane disease
(neonatal respiratory distress syndrome), etc.

Total deaths because of the above neonatal diseases.

Drowning

Traffic accident

Accidental asphyxia

Accidental poisoning
Accidental fall

Other accidents

All accidents

DW
TA

AA

OT-acc

ALL-acc

Swimming drowning or falling into the water.

Accidents by trains, cars, trucks, other vehicles and aircraft,
ships etc.

Smothered by quilt, accidentally crushed by mother when she
turned over, suffocated with mother's nipple in mouth, or
abnormal-objects in trachea, etc.

Poisoned from drugs, poisons (DDT, pesticides), gas and food.
Fall from a height (buildings, balconies, cliff and trees).

All other injuries or violence except drowning, Traffic accident,
accidental asphyxia, accidental poisoning and accidental fall,
such as electrocution, death by stoned, hacked, bited, burned,
gun shot, infanticide by drowning, abandonment, etc.

Total deaths because of the above accidents.
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Endocrine,
nutritional and
metabolic diseases
Hematopoietic and
hematopoietic organ
diseases

Circulation system
disease

Urinary system
disease

Other

Unclear diagnosis

ENM

HHO

CSD

USD

oT

uUCD

Such as diabetes mellitus, diabetes insipidus, galactosemia,
phenylketonuria, malnutrition and severe nutritional
deficiencies, etc.

Such as anemia, hemolytic disease, aplastic anemia,

thrombocytopenic purpura and hemophilia, etc.

Such as rheumatic heart disease, myocarditis, pericarditis and
Keshan disease, etc.

Such as acute glomerulonephritis and nephrotic syndrome, etc.

All other causes with a clear diagnosis, but does not belong to
the above 33 cause classifications.
Deaths without medical-seeking before death or a clear

diagnosis, and couldn’t be inferred by verbal autopsy.

*Note: death cause definitions come from the “National Maternal and Child Health

Surveillance work manual”’(Department of Maternal and Child Health, 2013).
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Appendix Table 4 level-one ethical self-assessment

ETHICS IN RESEARCH COMMITTEE

ETHICS (SELF) ASSESSMENT FORM: LEVEL ONE

Level One Ethics (Self) assessment is normally to be carried out by the Principal
Investigator. For Honours and taught Masters students this is done by the dissertation
supervisor on behalf of the programme manager. For MTh/MSC by research and
PhD students the assessment is carried out by the first supervisor. For Post-doctoral
Fellows this is done in collaboration with the mentor who is responsible for
confirming that it has been carried out.

Title of Project: Causes of death in children younger than 5 years in China in 2015: an
updated analysis

Funding Body (if applicable):

Principal Invest./ Supervisor/ Prog. Manager name: Kit Yee Chan

Student name and matriculation Number: Peige Song (s1427656)

Type of student: PhD Masters by Research V
Taught Masters Honours

Protection of research subject confidentiality

Are there any issues of confidentiality which are not adequately handled by the normal tenets
of ethical academic research?

NO YES
If yes, Level Two Ethics review required
These include mutually understood agreements about:
e  Non attribution of individual responses
e Individuals and organisations being anonymised in publications and presentations, if requested

e Feedback to collaborators, rights to edit responses, and intellectual property rights and publication

Data protection and Consent
Are issues of data handling and consent dealt with adequately and following procedures?

NO YES

If No, Level Two Ethics review required
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For example:
e  Will respondents consent be sought regarding the collection of personal data?

e Are there special issues about informed consent or confidentiality in this case?

e Is the research compliant with UOE procedures (www.recordsmanagment.ed.ac.uk)

Moral Issues and Researcher/Institutional Conflicts of Interest
Do any special moral issues/conflicts of interest arise?

NO Y YES
If yes, Level Two Ethics review required
For example:

e  Might the researcher compromise the research objectivity or independence in return for financial or
non-financial benefit for her/himself or for a relative or friend?

e Are there particular moral issues or concerns that may arise, for example where the purposes of the
research are concealed, where respondents are unable to provide informed consent or where research
findings impinge negatively or differentially upon the interests of participants?

e Does the research involve vulnerable persons such as children, institutionalised persons or others entitled
to protection and special procedures to protect their interests?

Potential physical or psychological harm, discomfort, or stress

Is there significant foreseeable potential for psychological harm or stress for those involved in

your research? YES NO V
Is there significant foreseeable potential for physical harm or stress for those involved in your
research? YES NO v
Is there significant foreseeable risk to the researcher?  YES NO v

If YES to any section, Level Two Ethics Review required

OVERALL ASSESSMENT

SELF AUDIT HAS BEEN CONDUCTED? YES NO
Were any risks identified? YES NO
Is Level Two Ethics Assessment required? YES NO v
Signature of Applicant: Date: 8th October 2015
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Appendix Figure 1 The association between USMR and proportions of different age groups in children under five years based on the nine

testing models

*Note: (A) Box—and—whisker plot of the proportions (Y-axis) of three separate age group: medians, inter—quartile ranges, maximum and minimum value
observed in the studies that provided adequate information, the number of studies available for each age group is presented below X—axis; (a) The
association between USMR and proportions of neonates in children under five years based on the nine testing models; (b) The association between
USMR and proportions of postneonates in children under five years based on the nine testing models; (c) The association between USMR and
proportions of 1-4 years children in children under five years based on the nine testing models; Data points represent studies with available information
and the size of the “bubbles” is proportional to the total number of child deaths observed in each study, 95% confidence interval is shown across the

range of data with lower (Iwr) and upper (upr) confidence bounds.
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Appendix Figure 2 The association between USMR and proportion of deaths in neonates due to the selected causes based on the nine testing

models

*Note: (A) Box—and—whisker plot of proportions (Y-axis) of different causes of death in neonates: medians, inter—quartile ranges, maximum and
minimum value observed in the studies that provided adequate information, the number of studies available for each age group is presented below X—
axis; (a) The association between USMR and proportions of deaths due to pneumonia in neonates based on the nine testing models; (b) The association
between USMR and proportions of deaths due to congenital heart disease in neonates based on the nine testing models; (c) The association between
USMR and proportions of deaths due to congenital abnormalities in neonates based on the nine testing models; (d) The association between USMR and
proportions of deaths due to preterm or low birth weight in neonates based on the nine testing models; (e) The association between USMR and
proportions of deaths due to birth asphyxia in neonates based on the nine testing models; (f) The association between USMR and proportions of deaths
due to intracranial haemorrhage in neonates based on the nine testing models; (g) The association between USMR and proportions of deaths due to
accident in neonates based on the nine testing models; Data points represent studies with available information and the size of the “bubbles” is
proportional to the total number of child deaths observed in each study, 95% confidence interval is shown across the range of data with lower (Iwr) and
upper (upr) confidence bounds.
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Appendix Figure 3 The association between USMR and proportion of deaths in postneonatal infants due to the selected causes based on the

nine testing models

*Note: (A) Box—and—whisker plot of the proportions (Y-axis) of different cause of death in postneonatal infant: medians, inter—quartile ranges,
maximum and minimum value observed in the studies that provided adequate information. The number of studies available for each age group is
presented below X—axis; (a) The association between USMR and proportions of deaths due to pneumonia in postneonatal infants based on the nine
testing models; (b) The association between USMR and proportions of deaths due to congenital heart disease in postneonatal infants based on the nine
testing models; (c) The association between USMR and proportions of deaths due to congenital abnormalities in postneonatal infants based on the nine
testing models; (d) The association between USMR and proportions of deaths due to preterm or low birth weight in postneonatal infants based on the
nine testing models; (e) The association between USMR and proportions of deaths due to birth asphyxia in postneonatal infants based on the nine testing
models; (f) The association between USMR and proportions of deaths due to intracranial haemorrhage in postneonatal infants based on the nine testing
models; (g) The association between USMR and proportions of deaths due to accidental asphyxia in postneonatal infants based on the nine testing
models; (h) The association between USMR and proportions of deaths due to accident in postneonatal infants based on the nine testing models; Data
points represent studies with available information and the size of the “bubbles” is proportional to the total number of child deaths observed in each
study, 95% confidence interval is shown across the range of data with lower (Iwr) and upper (upr) confidence bounds.
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Appendix Figure 4 The association between USMR and proportion of deaths in 1-4 years children due to the selected causes based on the nine

tested models

*Note: (A) Box—and—whisker plot of the proportions (Y-axis) of different cause of death in 1-4 years children: medians, inter—quartile ranges, maximum
and minimum value observed in the studies that provided adequate information, the number of studies available for each age group is presented below
X-—axis; (a) The association between USMR and proportions of deaths due to leukemia in 1-4 years children based on the nine testing models; (b) The
association between USMR and proportions of deaths due to tumor in 1-4 years children based on the nine testing models; (c) The association between
US5SMR and proportions of deaths due to meningitis in 1-4 years children based on the nine testing models; (d) The association between USMR and
proportions of deaths due to pneumonia in 1-4 years children based on the nine testing models; (e) The association between USMR and proportions of
deaths due to diarrhea in 1-4 years children based on the nine testing models; (f) The association between USMR and proportions of deaths due to
congenital heart disease in 1-4 years children based on the nine testing models; (g) The association between USMR and proportions of deaths due to
congenital abnormalities in 1-4 years children based on the nine testing models; (h) The association between USMR and proportions of deaths due to
accident in 1-4 years children based on the nine testing models; Data points represent studies with available information and the size of the “bubbles” is
proportional to the total number of child deaths observed in each study, 95% confidence interval is shown across the range of data with lower (Iwr) and
upper (upr) confidence bounds.
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Appendix Figure 5 The association between USMR and proportion of deaths in children under five years due to the selected causes based on

the nine testing models

*Note: (A) Box—and—whisker plot of the proportions (Y-axis) of different cause of death in in children under five years: medians, inter—quartile ranges,
maximum and minimum value observed in the studies that provided adequate information, the number of studies available for each age group is
presented below X—axis; (a) The association between USMR and proportions of deaths due to sepsis in children under five years based on the nine
testing models; (b) The association between USMR and proportions of deaths due to leukemia in children under five years based on the nine testing
models; (c) The association between USMR and proportions of deaths due to tumor in children under five years based on the nine testing models; (d)
The association between USMR and proportions of deaths due to meningitis in children under five years based on the nine testing models; (¢) The
association between USMR and proportions of deaths due to pneumonia in children under five years based on the nine testing models; (f) The
association between USMR and proportions of deaths due to diarrhea in children under five years based on the nine testing models; (g) The association
between USMR and proportions of deaths due to congenital heart disease in children under five years based on the nine testing models; (h) The
association between USMR and proportions of deaths due to neural tube defects in children under five years based on the nine testing models; (i) The
association between USMR and proportions of deaths due to congenital abnormalities in children under five years based on the nine testing models; (j)
The association between USMR and proportions of deaths due to preterm or low birth weight in children under five years based on the nine testing
models; (k) The association between USMR and proportions of deaths due to birth asphyxia in children under five years based on the nine testing
models; (I) The association between USMR and proportions of deaths due to intracranial haemorrhage in children under five years based on the nine
testing models; (m) The association between USMR and proportions of deaths due to accidental asphyxia in children under five years based on the nine
testing models; (n) The association between USMR and proportions of deaths due to accident in children under five years based on the nine testing
models; Data points represent studies with available information and the size of the “bubbles” is proportional to the total number of child deaths
observed in each study, 95% confidence interval is shown across the range of data with lower (Iwr) and upper (upr) confidence bounds.
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for the year 2010

Appendix Table 7 Detailed estimates
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for the year 2011

Appendix Table 8 Detailed estimates
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Appendix Table 9 Detailed estimates for the year 2012
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for the year 2013

Appendix Table 10 Detailed estimates
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Appendix Table 11 Detailed estimates for the year 2014
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for the year 2015

Appendix Table 12 Detailed estimates
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