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Abstract

ABSTRACT
The pursuit of efficiency has become a core preoccupation of health policy makers in China
where health expenditure has been growing at a double-digit rate since 2008 due to increasing
health demands. The latest round of China’s health system reform launched in 2009 accorded
special focus on tackling rising medical costs and improving the efficiency of resource use
and health care access issues, with the goal of eventually building a universal healthcare
system by 2020. Further emphasis on health system efficiency and equity as a tool for
achieving a range of ambitious health targets is evident in the Healthy China 2030 Plan.
However, despite the focus and priority given to achieving value for money in the country’s
health sector reform agenda, to-date there is limited evidence on health system efficiency
assessment in China. The available literatures are largely focused on institutional level
technical efficiency; based on activities rather than outcomes, and even those that are outcome
based ignore other roles that the health system plays, such as in the prevention and control of
non-communicable diseases (NCDs), as they are largely focused on a single outcome (such as
maternal or child health). The thesis adopts a holistic approach and focuses on outcomes
related to child health, maternal health and NCDs as opposed to activities in measuring
technical efficiency (TE). The concept of potentially avoidable hospitalisation (PAH) has also
been borrowed to examine allocative efficiency (AE) in the health system.
The data envelopment analysis (DEA) study suggests that due to wide-spread scale
inefficiency in the country, the average bias-corrected overall technical efficiency (OTE) was
around 0.80. Nearly 60% of the provinces operated at a decreasing return to scale (DRS),
signifying a gain in efficiency could be achieved through downsizing the scale of operation.
The average Malmquist Productivity Index (MPI) suggests deterioration in productivity over
the study period, particularly after the implementation of the new healthcare system reform in
2009. Health resource allocation patterns and level of economic status of a province had great
positive impact on OTE and scale efficiency (SE), while skill-mix, degree of urbanisation,
ageing and the percentage of out-of-pocket (OOP) in total health expenditure (THE) were
inversely associated with OTE and SE, as suggested by a Tobit regression analysis.
PAH is highly prevalent and has increased faster in recent years, reaching 1.62 million
episodes (8.6% of all hospitalisations) in 2017, a 4-fold increase over 2004. The incidence of
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PAH was positively associated with age, consumption expenditure per capita, and hospital
bed density in local areas, while negatively associated with education attainment, selfreported health score, and physician density in the local area etc.
At last, the main findings from all aspects of the research have been brought together to
illustrate the original contributions this work makes to knowledge in the area of health system
efficiency and productivity assessment in China. It also outlines the policy implications of the
research findings, and future research directions.

ŝŝ

Acknowledgement

ACKNOWLEDGEMENT
There are many people who have contributed to the completion of my PhD. To all of them I
would like to express my heartfelt gratitude. Without their support and guidance, I would
never have made it.
Firstly, I am so honoured to be a PhD student in University of Canberra under the
Memorandum of Understanding between University of Canberra and China National Health
Development Research Center (CNHDRC). I would like to thank the two parties for their
support. Thanks to University of Canberra for offering me a scholarship.
My deepest gratitude goes to my supervisors, Associate Professor Yohannes Kinfu, Dr Jinjing
Li, Dr Itismita Mohanty, and my advisors Adjunct Associate Professor John Goss and
Professor Stephen Duckett. They have provided valuable guidance and support as well as
critical comments during the entire process of my PhD. A special thank is owned to Professor
Rachel Davey and Tom Cochrane, who spared their valuable time for caring me in both my
study and accommodation on campus.
Research teams in the Department of National Health Accounts (NHAs) and Policy Studies,
CNHDRC were a strong backup for my research, especially in data collection. NHAs data in
China produced by this Department was crucial to my research. Thanks to Professor Yuhui
Zhang, Professor Quan Wan, Dr. Tiemin Zhai and other colleagues for your support. Thanks
to Professor Maigeng Zhou, Professor Shiwei Liu from National Center for Chronic and Noncommunicable Disease Control and Prevention, Chinese Center for Disease Control and
Prevention, for their support on epidemiological data and guidance, and thanks to Shandong
Health Commission for sharing your Household Health Survey data. Without these, I would
never have achieved my research goals.
Here I also would like to thank Keith Tin and Destina Winarti, my dear meal pals, who
accompanied me to try delicious Chinese cuisine in Friday evening when I was in Canberra,
which really refreshed me from exhaustive thesis writing. Thanks for their encouragement
when I was frustrated.
I should finally like to express my gratitude to my beloved parents and family who have
always been helping me out of difficulties and supporting me.

ǀ

Table of contents

TABLES OF CONTENTS
ABSTRACT ........................................................................................................................... i
CERTIFICATE OF AUTHORSHIP OF THESIS .................................................................... iii
ACKNOWLEDGEMENT ....................................................................................................... v
ABBREVIATIONS................................................................................................................ ix
CHAPTER 1 INTRODUCTION .............................................................................................. 1
1.1 Background ................................................................................................................... 3
1.2 Research objectives ...................................................................................................... 5
1.3 Significance of the study .............................................................................................. 6
1.4 Conceptual framework .................................................................................................. 8
1.5 Thesis outline .............................................................................................................. 11
PUBLICATIONS AND PRESENTATIONS LIST ................................................................. 15
CHAPTER 2 LITERATURE REVIEW.................................................................................. 17
2.1 Health service delivery and health sector reforms in China..................................... 19
2.2 Empirical health system efficiency analysis in global context ................................ 24
2.3 Review on potentially avoidable hospitalisations analysis ...................................... 30
2.4 Review of past studies on efficiency analysis in China............................................ 33
2.5 Literature gap .............................................................................................................. 35
CHAPTER 3 TECHNICAL AND SCALE EFFICIENCY OF HEALTH SYSTEM IN CHINA: A
BOOTSTRAPPING DATA ENVELOPMENT ANALYSIS.................................................... 37
DECLARATION OF CO-AUTHORED PUBLICATIONS FORM .......................................... 39
ABSTRACT ........................................................................................................................ 41
3.1 Introduction ................................................................................................................. 41
3.2 Methodology ................................................................................................................ 42
3.3 Data and variables ....................................................................................................... 43
3.4 Results ......................................................................................................................... 44
3.5 Discussion ................................................................................................................... 46
3.6 Conclusion ................................................................................................................... 48
CHAPTER 4 HEALTH SYSTEM PRODUCITVITY IN CHINA: PRE- AND POST- 2009
HEALTHCARE REFO5M................................................................................................... 51
DECLARATION OF CO-AUTHORED PUBLICATIONS FORM .......................................... 53
Abstract ............................................................................................................................. 55
4.1 Introduction ................................................................................................................. 55
ǀŝŝ

Table of contents

4.2 Methods ....................................................................................................................... 58
4.3 Results ......................................................................................................................... 64
4.4 Discussion ................................................................................................................... 70
4.5 Conclusion ................................................................................................................... 73
CHAPTER 5 EFFICIENCY AND PRODUCTIVITY OF HEALTH SYSTEMS IN PREVENTION
AND CONTROL OF NON-COMMUNICBALE DISEASES IN CHINA, 2008-15 .................. 75
DECLARATION OF CO-AUTHORED PUBLICATIONS FORM .......................................... 77
Abstract ............................................................................................................................. 79
5.1 Introduction ................................................................................................................. 79
5.2 Materials and methods ................................................................................................ 82
5.3 Results ......................................................................................................................... 85
5.4 Discussion ................................................................................................................... 91
5.5 Conclusion ................................................................................................................... 94
CHAPTER 6 POTENTIALLY AVOIDABLE HOSPITALISATION FOR CHRONIC DISEASES
IN CHINA: RECENT TRENDS AND MA&RO- AND MICRO-LEVEL DETERMINANTS..... 97
DECLARATION OF CO-AUTHORED PUBLICATIONS FORM .......................................... 99
Abstract ........................................................................................................................... 101
6.1 Introduction ............................................................................................................... 103
6.2 Study design and methods ....................................................................................... 104
6.3 Results ....................................................................................................................... 106
6.4 Discussion ................................................................................................................. 114
CHAPTER 7 CONCLUSION ............................................................................................. 119
7.1 Contribution to knowledge ....................................................................................... 121
7.2 Implications for policy............................................................................................... 127
7.3 Recommendations for future research .................................................................... 129
REFERENCES .................................................................................................................. 131
$33(1',;.................................................................................................................. 1

ǀŝŝŝ

Abbreviations

ABBREVIATIONS
ACSC

Ambulatory care sensitive conditions

AE

Allocative efficiency

BCC model

Banker, Charnes and Cooper model

BMI

Body mass index

CCR model

Charnes, Cooper and Rhodes model

CFDA

China Food and Drug Administration

CI

Confidence interval

CNHDRC

China National Health Development Research Center

CNY

Chinese Yuan

COPD

Chronic obstructive pulmonary disease

CRS

Constant return to scale

DEA

Data envelopment analysis

DM

Diabetes mellitus

DMUs

Decision-making units

DRS

Decreasing return to scale

Eprobit

Extended probit regression

FDH

Free disposal hull

FFS

Fee for services

GDP

Gross domestic product

GP

General practitioner

HLY_NCDs

Healthy life years free from NCDs

HSM

Heckman-style selection model

HTA

Health technology assessment

IMR

Infant mortality rate

IRS

Increasing return to scale

ISR

Infant survival rate

LE

Life expectancy

LMICs

Low- and middle-income countries

MMR

Maternal mortality rate

MPI

Malmquist Productivity Index

MPSS

Most productive scale size

MSR

Maternal survival rate

NCDs

Non-communicable diseases

ŝǆ

Abbreviations

NCMS

Rural new cooperative medical scheme

NHAs

National Health Accounts

NHSS

National Health Service Survey

OLS

Ordinary least squares

OOP

Out of pocket

OTE

Overall technical efficiency

PAH

Potentially avoidable hospitalisation

PGDP

Provincial gross domestic product

PTE

Pure technical efficiency

PYLL

Potential years of life lost

RTS

Returns to scale

SDG

Sustainable Development Goal

SE

Scale efficiency

SEC

Scale efficiency change

SES

Socio-economic status

SFA

Stochastic frontier analysis

STC

Scale of the technical change

TC

Technical change

TE

Technical efficiency

TEC

Technical efficiency change

THE

Total health expenditure

UEMBI

Urban employee basic medical insurance

UHC

Universal health coverage

URBMI

Urban resident basic medical insurance

VRS

Variable return to scale

WHO

Wold Health Organization

YLD

Years lost due to disability

ǆ

CHAPTER 1 INTRODUCTION

ϭ

Ϯ

Introduction

1.1 Background
Massive resources are needed to maintain and improve population health. Over the past
couple of decades, investment in health care has grown rapidly across the globe, with the
share of health expenditure as a percentage of global gross domestic product (GDP)
increasing from 8.0% in 1990 (World Bank 1993) to 9.9% in 2014 (World Health
Organization 2017). During the same period, key population health indicators such as infant
mortality rate (IMR) declined from 63 deaths per 1,000 live births to 32 deaths per 1,000 live
births, while maternal mortality rate (MMR) dropped by about 44% (World Health
Organization 2017). By 2040, global health needs are projected to push health expenditure to
a level twice that of 2013 (Dieleman et al. 2016), however “The global economy is likely to be
significantly less buoyant than it was in recent decades” (Rodrik 2013) which means that
countries should be able to do more with the resources they have or else will risk losing the
health gains they have achieved thus far. Globally, it is estimated that 20% to 40% of the
health expenditure could be saved without reducing global health outcomes (Chisholm &
Evans 2010).
The Healthy China 2030 Plan adopted in 2016, places greater emphasis on health system
efficiency and equity as a tool for achieving a range of ambitious health targets, most notably
in areas of child health, maternal health and reducing premature mortality due to noncommunicable diseases (NCDs). Since 2008, health expenditure in China has grown, on
average, by 12.2 % per year (China National Health Development Research Center 2018), a
rate substantially higher than the growth in GDP; however to what extent this trend will
continue into the future remains to be seen, especially as China’s economy becomes more
mature and the growth rate slows down in the coming decades (World Bank & the
Development Research Center of the State Council P. R. China 2013). But what is certain is
that both demand and supply-side factors such as increasing prevalence of risk factors, rapid
population ageing, rising burden of NCDs, changing medical practices, and changes in
environmental factors will continue to put pressure on the country’s health system as it tries to
transform itself and meet the 2030 Healthy China agenda (Xinhua News Agency 2016).
In addition, like most other nations, the Chinese health system also faces a legacy of uneven
distribution of resources and wide disparities in population health outcomes between and
within regions of China that needs further attention. For example, a newly born child in
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Beijing can expect to live an average of 81.8 years, about 10 years longer than for a child born
in Tibet. Similarly, a baby’s risk of death in the first year of life in Tibet is nearly 6 times
greater than that of Beijing (National Health and Family Planning Commission 2016). Yet, it
seems unlikely that inter-provincial health gaps such as that exist between Tibet and other
more developed regions of China can be achieved solely by just increasing health input in
places like Tibet, given that its total health expenditure as a share of GDP is already among
the highest in the country, 10.6% in 2017 (China National Health Development Research
Center 2018).
In the literature, the transformation of inputs into valued outputs is conceived as a ‘production
function’, which indicates the maximum feasible level of outputs for a given set of inputs.
Within the health system, the production of health is measured with respect to various
decision-making units (DMUs), ranging from very detailed micro units (e.g., physician’s
office) to huge macro units (e.g., the entire health system) (Cylus et al. 2016). But irrespective
of the DMUs being used as a reference, any failure to attain the maximum output is seen as an
indication of the existence of inefficiency (Jacobs et al. 2006). In this regard, two broad types
of efficiency estimates are generally considered: technical and allocative efficiency.
Technical efficiency (TE) measures a producer’s ability to attain a maximum output from a
given input combination (Folland et al. 2017), and normally operationalised as inputs divided
by outputs (Duckett & Ward 2008). In some studies, TE is specifically measured in terms of
the physical relation between resources and health outcomes (Palmer & Torgerson 1999).
Allocative efficiency (AE), on the other hand, examines, whether the limited resources (given
the prices of inputs and the preference of funders) are directed towards producing the correct
mix of healthcare inputs to produce the chosen outputs (Cylus et al. 2016). AE can also be
measured using indirect indicators such as potentially avoidable hospitalisation (PAH). The
idea and reasoning behind the use of such indicator is that the transfer of some resources from
a tertiary level (i.e., hospitals-based) system to the primary care sector might release resources
and result in better health outcomes at a lower cost (Cylus et al. 2016; Lafortune et al. 2016;
Sheerin et al. 2006).
There is limited evidence on health system efficiency assessment in China, despite the focus
and priority accorded to achieving value for money and improving health system efficiency in
the country. In China, the concept of PAH was first introduced by Zhou and colleagues (Zhou
et al. 2015), and Su et al. experimented the criteria for PAH and analysed its causes (Su et al.
ϰ
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2016). In a subsequent study, Jiang and colleagues analysed PAH, but their study ignores
potential confounding factors, such as prehospital factors (e.g., access to health resources and
services), and focuses only on three chronic conditions. Jiang and colleagues’ work as well as
those of Zhou et al. and Su et al., are also geographically restricted and cover a very narrow
time horizon.
On the other hand, most of the existing literature on TE is focused on assessing efficiency at
the level of institutions, especially hospitals, which cannot accurately or effectively capture
the efficiency of the health system as a whole (Cylus et al. 2017). A few studies that
examined TE at a system level, on the other hand, use health care activities such as outpatient
visits and number of hospital admissions rather than health outcomes per se (Zhang et al.
2017). However, the use of such indictors has several shortcomings, especially in countries
like China where due to distorted incentive systems, health providers tend to over treat
patients, overuse drugs, tests and treatment, etc. An activity based system also leads to
burnout of medical staff, neglects or sacrifices quality of care and makes patients feel
dissatisfied leading to increased patient-doctor disputes (Chen et al. 2013; He & Qian 2016)͘
As a result, other studies instead used health outcomes, such as life expectancy, MMR, and
IMR, as their output of interest (Li et al. 2014b; Luo & Hu 2008; Xiao et al. 2014a). However,
focusing solely on MMR or/and IMR as was done in these studies fails to capture the broader
role the health system plays in the prevention and control of NCDs or other health outcomes.
It is, therefore, within this context the present study proposes to examine both technical and
allocative efficiency from a holistic system-wide perspective. This will help answer questions
such as where the Chinese health system is doing well and where it is falling short, and, in
turn, generate a body of evidence that will contribute to the development of relevant policies
that will guarantee the achievement of the country’s 2030 Health agenda, with greater
efficiency.

1.2 Research objectives
The study aims to investigate health system efficiency in China with respect to the
achievement of maternal health, child health as well as NCDs related health, three national
health priority areas which are highlighted in the Healthy China 2030 Plan by Central
Committee of the Communist Party of China and the State Council. Specifically, using
provinces as the key DMUs in maximising health, it will:
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•

examine TE with respect to reduction in IMR, MMR, and premature mortality from
NCDs;

•

compare productivity during pre- and post-2009 reform periods with respect to three
health outcomes as above;

•

determine AE of the Chinese health system through examining PAH; and

•

analyse the sources of health system inefficiency and productivity and propose policy
suggestions within the context of the 2030 Healthy China agenda.

1.3 Significance of the study
There are a number of reasons why inefficient use of resources in the health systems is a
cause of concern for all health systems around the world, including in China (Cylus et al.
2016). First, inefficient systems adversely affect health gains because they lead to high
treatment costs and restrict access to the best possible care, given available resources within a
health system. Second, inefficient health systems drain huge public resources and potentially
starve other social and economic sectors of the economy such as education or nutrition. Third,
wasting resources on inefficient health care system may adversely affect the society’s
willingness to contribute to resource polling and funding of health services, thereby harming
social solidarity and support for social welfare programs.
In addition, in countries like China there are at least three other reasons why the study of
system-wide efficiency is important for the country.
1.3.1 The demographic and epidemiological imperative
China is currently going through rapid demographic and epidemiological trends that have led
to a sharp increase in healthcare needs and subsequently medical costs. Current projections
show that, as a result of demographic transition— reduction in fertility and mortality together
with a rise in life expectancy, the number of people aged 65 or older is expected to increase
from 143.9 million in 2015 to 400 million by 2050 (Zeng 2012). Ageing has direct
implications on age-associated chronic diseases such as cancer, cardiovascular diseases and
mental health, etc. (Zhang & Li 2011). Currently, more than half of the elderly population in
China have NCDs (Wu & Dang 2013) and more recent study suggests that the number of
major NCD cases among people over age of 40 is projected to double or even triple in the
next 20 years in China (Wang et al. 2011). Unhealthful lifestyle factors, e.g., tobacco use,
alcohol overuse, poor diets, sedentary lifestyles and deficient physical activity, as well as
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environmental factors are behind the NCDs epidemic in China (Batis et al. 2014; Yang et al.
2008; Zhai et al. 2014). No matter the underlying causes, the transitions themselves
undoubtedly generate additional health care needs (Palangkaraya & Yong 2009), and these in
turn require innovative ways of doing more with the resource available for the system. This is
specially so when the outlook for extra resources is bleak.
1.3.2 The economic rationale
Since 2008, health expenditure in China has been growing at a double-digit rate, substantially
higher than GDP growth (China National Health Development Research Center 2017).
However, given that even under the best reform scenario, China’s GDP is expected to grow at
6.6 percent in the coming decades (World Bank & the Development Research Center of the
State Council P. R. China 2013), a rate much slower than its historical level, curbing the
country’s spiralling health expenditure and shifting the focus of the health system from
production of treatments to value for money seem to be one of the ways for the country to
maintain a sustainable health system as demand for health care, fuelled by epidemiological
and demographic changes, is expected to grow at a rapid pace.
1.3.3 The policy rationale
The Healthy China 2030 Plan, adopted in October 2016, by the Central Committee of the
Communist Party of China and the State Council, points out that the Healthy China Strategy
will serve as a road map or plan of action to promote healthy lifestyles, improve health
services, optimise the health industry, and build a sound health system to provide essential
health services to every citizen by 2020. Specifically, the objective is to ensure that the
country’s main health indicators stand at par with the levels of high-income countries by 2030
(Xinhua News Agency 2016). Healthy China 2030 Plan was also a response to the 2030
United Nations Sustainable Development Goals (SDGs) (Tan et al. 2018), and it will promote
the realization of goal 3 and goal 6 of SDGs “Ensure healthy lives and promote well-being for
all at all ages” and “Ensure access to water and sanitation for all”. To facilitate the
achievement of these strategic goals, maternal health, child health as well as NCDs have been
prioritised and specific targets have been set. Specifically, IMR should be reduced to 7.5 per
1,000 live births by 2020, and 5.0 per 1,000 live births by 2030; MMR should be reduced to
18.0 per 100,000 live births by 2020 and 12.0 per 100,000 live births by 2030 lower than
SDGs target—MMR should be reduced to less than 70 per 100,000 live births by 2030;
premature mortality due to major NCDs should be reduced by 10% by 2020, and 30% by
ϳ
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2030 compared to the level in 2015 (19.1%) the same as SDGs goal 3.4. The focus in my
study on the efficiency of the health system with respect to these three health outcomes will
thus help generate policy relevant evidence on how to achieve these efficiently with regards to
the indicators that are at the core of the 2030 Healthy China agenda.
In addition, prior to the adoption of the Healthy China 2030 Plan, driven by the greatest
public discontents— resulting from unaffordable access to health care, medical
impoverishment, plus great regional and urban-and-rural inequalities (Hsiao 2004), and the
goal of assuring affordable universal basic health care for all Chinese citizens, a new round of
healthcare reform was initiated in 2009 (Yip and Hsiao 2009). It is, therefore, important to
investigate if the adoption of the new healthcare reform has led to improved efficiency in the
country.

1.4 Conceptual framework
1.4.1 Components of health system efficiency analysis: a general framework
Smith proposed four key factors that should be kept in mind when conducting an effective
performance measurement of health systems. They are system objectives, available
information/data, incentives and alignment of objectives of principals and agents (Smith
2002). Put more specifically, when conducting health system performance measurement, it
should be clear who will be assessed and at what level (macro or micro), who will be
informed by the measurement results, what data and in what time (cross-sectional or
longitudinal) will be analysed by what method. Thus, health system performance analysis
measurement can be categorised by five elements: who, what, when, where, and how (OECD
2002). Similarly, Jacobs et al. distinguish efficiency analysis in health systems into five
components (Jacobs et al. 2006), including
•

the entity to be assessed;

•

the outputs (or outcomes) under consideration;

•

the inputs under consideration;

•

the external influences on attainment; and

•

the links with the rest of the health system.

1.4.1.1 Identifying entities: what to evaluate?
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An assessment of efficiency first depends on establishing the boundaries of the entity under
scrutiny, which can be categorised into the following three levels: disease level, sub-sector
level, and system level (Häkkinen & Joumard 2007), or micro, meso and macro level (Cylus
et al. 2016; Hollingsworth 2008). The broadest perspective is the system level analysis, which
examines the efficiency of an entire health system with the latter defined by the World Health
Organization (WHO) as ‘all the activities whose primary purpose is to promote, restore or
maintain health’ (World Health Organization 2000). The disease level analysis focuses
narrowly on measuring the efficiency of individual diseases or treatments, where the goal is to
assess its cost relative to its expected benefit. However, most often efficiency analysis takes
place at the intermediate level, which looks at individual components of the health delivery
system, including for example hospitals (Jehu-Appiah et al. 2014; Linna et al. 2010;
Steinmann et al. 2004), nursing homes (Garavaglia et al. 2011), primary care facilities (Huang
& Hu 2004), or physicians (Hogg & Dyke 2011; Wagner & Shimshak 2000).
At sub-sector level, partial processes, for example only focusing on disease treatment rather
than the whole function of health system, are regarded as easier to implement and able to
provide useful information for policy makers given that they are better positioned to detect
sources of inefficiency. However, an essential concern when using partial process measures of
efficiency at the institutional level is the limited scope they offer for analysis. When only
partial indicators are used to measure whether inputs are successfully transformed into outputs
for only a part of health care production, broader conclusions about the system at large are
usually hard to be draw (Cylus et al. 2017).
1.4.1.2 What are the outputs under consideration?
In the context of health system efficiency analysis, there are two competing options for
outputs: health outcomes (e.g., health gains) and health care activities (e.g., the number of
hospital discharges). The consensus is that health outputs refer to the health gains produced
(Hollingsworth 2008; Jacobs et al. 2006). However, it is challenging to make it operational
because the information about health gains at the right level for health efficiency analysis is
rarely collected. In practice, given the aforementioned challenge of constructing health gain
metrics, analysts have often examined efficiency using the metrics of health activities, in the
form of patient consultations or patient admission for instance (Zhang et al. 2017). The main
drawback of these metrics is their failure to capture variations in the effectiveness (or quality)
of the health care delivered. Given the difficulty in measuring health gains achieved by the
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health system, appropriate health status indicators which are related to the health system are
often used to represent health gains.
1.4.1.3 What are the inputs under consideration?
The input side of efficiency analysis in the health system is often deemed less problematic
than the output side. Physical inputs can often be measured more accurately than outputs, or
can be summarised in the form of a metric of costs. However, even the specification of inputs
can cause serious conceptual and practical difficulties as below (Jacobs et al. 2006).
•

Whether the aggregated labour inputs or labour inputs by skill level should be
incorporated? It may be appropriate to aggregate into a single measure of labour input,
weighting the various labour inputs by their relative wages. But problems may occur
when examining the efficiency of subunits within one organisation (e.g., operating
theatres), despite readily availability of labour inputs at an organisational level. The
smaller the unit under scrutiny, the more difficult separating labour inputs becomes.

•

Incorporating measures of capital into the efficiency analysis is challenging, because
of the problems of measuring capital stock as well as the difficulty in attributing its
use to any activity or time period. In practice, researchers have resorted to very crude
measures, for example, number of hospital beds is one of the most frequently used
such indicator.

1.4.1.4 What is the role of external factors on performance?
In many contexts, several factors that are beyond the control of DMUs influence performance,
and these factors are classified as external or environmental determinants of efficiency
(Afonso & Aubyn 2006; Hadad et al. 2013). They include heterogeneity in the characteristics
of the population being served, the quality of the resource input being consumed, the
activities of other related organisations within or outside of the health sector, and the external
environment such as geography, culture, and economic status.
1.4.1.5 Links with the rest of the health system or externalities
No outputs from a health service organisation can be considered in isolation from their impact
on the rest of the health system in which they operate (Jacobs et al. 2006), for example:
•

The effectiveness of preventive services will affect the nature and quantity of demand
for curative services;
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•

The performance of hospital support services, such as diagnostic departments, will
affect the efficiency of functional areas such as surgical services;

•

The actions of hospitals, for example, in creating care plans for discharged patients,
may have profound implications for primary care services;

•

The performance of rehabilitative services may have important implications for future
hospital readmissions.

1.4.2 Conceptual framework of health system efficiency analysis in China
In analysing health system efficiency in China, it will use provinces as the primary institution
of interest (also known as DMUs) in this study, because provinces are responsible for
mobilising and allocating health resources in their respective jurisdictions. A conceptual
framework has been formed for the study (Figure 1.1).

Source: Developed by the author.
LE: life expectancy.

Figure 1.1 Health system efficiency analysis conceptual framework

1.5 Thesis outline
In order to analyse the health system efficiency in China, the research has the four aims set
above. These four aims are addressed in Chapter 3, 4, 5, and 6. Chapter 1 provides an
overview of current research and discussion concerning the measurement of health care sector
output while literature had been comprehensively studied in Chapter 2. Chapter 7 summarises
the study results and provides concluding remarks. Chapter 3-6 have been prepared as journal
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articles. Of these, chapter 3 has been accepted for publication on BMJ Open, and chapter 4
has been published on Health Policy and Planning. Chapter 5 has been re-submitted after
addressing comments received from reviewers. Chapter 6 is planned to submit. Below the
highlights for chapter 2-7 are provided.
Chapter 2 provides a comprehensive overview of the delivery of health care and relevant
health system reforms in China. It also summarises empirical health system efficiency
analysis in global context, both in TE and AE, as well as in the context of China. Based on
the reviews, the chapter then identifies gaps in the literature that need to be filled, as further
justifying the purpose of this study.
Chapter 3 provides a snapshot of health system efficiency in China using bootstrapping data
envelopment analysis '($  technique and the most recent data available for the country. It
focuses on efficiency in maternal health, child health and NCDs (as a joint output of the
health system) in the 31 provinces of mainland China during 2015. Also, it adopts truncated
bootstrapped regression to understand the potential causes of the variation in efficiency across
provinces.
To expand the horizon, Chapter 4 looks at the long lens of health system efficiency in China
using bootstrapping Malmquist Productivity Index (MPI) technique. Once again, it focuses on
efficiency and productivity in child health, maternal health and NCDs. Like the previous
chapter the focus also remains on all 31 provinces, but covering a wider time horizon, 2004 to
2015. This allows us to compare performance between pre- and post- healthcare reform
periods. Furthermore, regression analysis is undertaken to understand the potential causes of
the variation in productivity across provinces.
In view of a huge disease burden and economic loss caused by NCDs, Chapter 5 specifically
focuses on the efficiency and productivity of the health system in protecting people’s health
from NCDs. It covers all provinces and the period between 2008 and 2015, again to facilitate
comparison between pre- and post- healthcare reform, and assess its impact, if any.
Regression analysis is used to understand the variation of health system efficiency regarding
NCDs health among provinces.
In Chapter 6, the concept of PAH has been borrowed to examine the aspect of AE. The
chapter examines trends in the incidence of PAH, and associated costs using national
administrative data. It also investigates determinants of PAH at macro- and micro-level. At
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macro level, Das Gupta’s decomposition approach has been used to analyse the effects of
population growth, ageing, disease prevalence, and utilisation rate of inpatient care on
increase of PAH. At micro level, it uses eprobit—extended probit regress model to examine
potential factors of PAH using the latest National Health Service Survey data in China from
individual levels.
Finally, in Chapter 7 the main findings from all aspects of the research have been brought
together to clearly illustrate the original contribution this work makes to knowledge in the
area of health system efficiency and productivity assessment. It also outlines the implications
of the research findings for policy in China or other countries facing similar challenges and
future research directions.
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Chapter 2 Literature review

The literature review presented below focuses on health service delivery and health system
reforms in China, and summarises empirical health system efficiency analysis in global
context, both in TE and AE, as well as in the context of China.

2.1 Health service delivery and health sector reforms in China
While the root causes of resource wastage and inefficiency within the health system in China
remain to be investigated, the potential effects of policies and practices in the health sector on
the performance of the country’s health system cannot be ignored. Thus, to better understand
the study results and provide context to the ongoing analysis on the performance and
efficiency of the Chinese health system, a review of health system reforms is helpful.
The health service delivery system in China consists of a medical service delivery system and
a public health service delivery system. The public health service system covers disease
prevention and control institutions; institutions providing maternal and child health services;
medical/health education institutions; health information institutions and health supervision
and management institutions, etc. The medical service delivery system covers hospitals at the
provincial, city and county level as well as grass-roots medical institutions or primary health
care institutions (Meng et al. 2015).
Hospitals can be classified into three levels: primary, secondary or tertiary. Primary hospitals
manage between 20-99 beds; secondary hospitals have between 100-499 beds, and tertiary
hospitals have over 500 beds (Ma et al. 2008). Usually county hospitals belong to the second
level. Within each level, hospitals can be further grouped into general or specialist hospitals.
The main functions of community health centres (CHCs) in urban area include maintaining
the health status of communities; rendering public health services such as disease prevention
and control; providing options for prevention and treatment of common health problems in
the community; managing chronic diseases; and providing rehabilitation services. Many
CHCs also manage community health stations whose primary functions are health education,
prevention, promotion, and home visits. The functions of township health centres (THCs) in
rural area are similar to those of CHCs, whereas the functions of village clinics are similar to
those of community health stations (Meng et al. 2015).
Since the founding of the People’s Republic of China in 1949, the health system in China has
experienced different stages of development as it evolved into the current system.
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2.1.1 Stage I: The Central Planning Era (1949-1978).
After the founding of a new China, a health system that was typical of the communist states
was designed to pursue the goal of “equal access to the healthcare system for all”, regardless
of ability to pay (Ma et al. 2008). The government owned and ran all health care facilities, and
funded the expense of infrastructure construction and daily operation, and employed the
health care workforce and paid them with a fixed salary (Ma et al. 2008; Yip & Hsiao 2015).
During this period, the health delivery system mainly consisted of hospitals, ambulatory
clinics, maternal and child-care stations, epidemic prevention centres and long-term care
facilities. Regarding payment method and pricing schedule, fee-for-service (FFS) was adopted
to pay providers for most services except preventive care, which was provided free of charge.
The prices of medication and services were set at a low level and adjusted periodically, so as
to guarantee high access for the population (Ramesh et al. 2014).
During this period, the health system in China achieved profound improvements in health
outcome and access to health care, mainly attributed to the priority given to prevention and
primary care as well as the modestly trained health taskforce. With these cost-effective
measures, it ensured very basic health care for almost everybody. IMR fell dramatically, from
200 to 57 per 1,000 live births, and life expectancy increased from 45 to 68 years (UNDESA
2012). However, its over dependence on public finance subsequently led to resource
misallocation in health service provision and administration. For example, a surplus of lowquality hospital beds was created and the public facilities were over-staffed along with
modestly trained professionals (Hsiao 2007).
2.1.2 Stage II: The initial period of reform (1978-2002).
In 1978, as China transited from a planned economy to a socialist market economy, the
central government gradually decentralised its power over the health system, and introduced
market mechanisms to its health system. In health service delivery, private for-profit hospitals
were allowed to operate while some government owned hospitals were transferred to private
ownership (Ryan 2010). The system of revenue generation and allocation had also undergone
changes. Specifically, the government changed its funding method from flexible costreimbursement to block grants which however were far from adequate to compensate for the
actual operating expenses of health providers in the health system. As a result, jurisdictions
were encouraged to generate revenues and were allowed to retain surplus generated through
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health institutions and to pay bonuses for their staff (Ma et al. 2008; Wang & Wang 2007). In
terms of service pricing and payment method, the government continued to set prices for
basic medical services (at a rate far below actual cost so as to assure these services remained
affordable even for the poor), while setting prices above cost for new and high-technology
diagnostic services. The new system also allowed health providers to introduce a 15% profit
margin for drugs (Daemmrich 2013). These pricing policies created perverse incentives for
providers from tertiary hospitals to primary health care providers and as some said, eroded
their professional medical ethics (Eggleston et al. 2008). For example, hospitals and
physicians are reported to regularly receive kickbacks from drug companies and medical
suppliers for prescribing their products (Eggleston et al. 2008).
Over time, the new policies and reforms of the 1978-2002 eras led to further undesirable
consequences. With regard to the quality of health care, 75% of patients were prescribed
antibiotics for a common cold, as were 79% of hospital patients which was two times of the
international average of 30% (Zhou undated). Village doctors often buy expired and
counterfeit drugs at low cost and sell them as valid products at increased prices (Yip & Hsiao
2009). In addition, the reform kept the service delivery system fragmented because each
provider was motivated to retain patients rather than to refer them to other levels for diagnosis,
treatment, or follow-up as expected per scientific guidelines. At the same time hospitals raced
to introduce high-tech services and expensive drugs for higher profit margins. All of these
contributed to high cost of health care production. From 1978 to 2002, the deflated health
expenditure per capita increased by a multiple of 11 (China National Health Development
Research Center 2017). A huge portion of health expenditure was used for high-tech tests and
unnecessary drugs; about half of health expenditure in China was used for drugs, as compared
to 10% in the United States and an OECD average of 16% (OECD 2017).
2.1.3 Stage III: The second period of reform (2003-2008).
In 2003, a third phase began, and the most significant move was the launch of rural new
cooperative medical scheme (NCMS) which extended financial and service coverage to rural
residents. A similar scheme, known as the urban resident basic medical insurance scheme
(URBMI), was implemented for urban residents who were not eligible for urban employee
basic medical insurance scheme (UEMBI). One of the major effects of the introduction of the
two new insurance schemes was the rapid reduction in the share of out-of-pocket (OOP)
payment in health expenditures. However, given that both NCMS and URBMI were designed
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mainly to deal with unaffordable hospital expenses, they not only ignored the critical role that
competent primary care plays in the promotion and management of diseases, but also
undermined the important role that such programs play in containing medical costs
(Blumenthal & Hsiao 2015). Furthermore, as these insurance schemes were introduced
without correction of the previous pricing and payment methods, the expansion of health
insurance further contributed to the burgeoning health expenditure in the country, particularly
hospital expenditure as more people were able to access hospital services through the newly
introduced schemes.
Not surprisingly, the 2003 reforms proved insufficient to ameliorate China’s deep-seated
health care problems. Medical institutions continued to rely on market competition to
maintain their own development, while the problem of “high cost of medical treatment”
remained prominent.
2.1.4 Stage IV: The new round of healthcare reform (2009 onward).
In 2009, the central government initiated a new round of healthcare reform with the goal of
addressing the limited access to health care and financial impoverishments due to heavy
medical costs. The general framework and the long-term goal for the reform were to establish
a universal health security system by 2020 (the CPC Central Committee and the State Council
2008).
In the short term (2009-2011), five key targets had been set to make primary health services
available, affordable and accessible for all. They included expanding the coverage of health
insurance in both urban and rural areas; establishing an essential drug system; improving
capacities of primary healthcare network; promoting equitable access to public health services;
and pushing forward with the reform trial in public hospitals. To guarantee the targets’
achievement, during this three years, the government invested 230 billion USD in total (Wu et
al. 2011). About half of this funding was used to subsidy the demand-side of the equation,
namely, to enrol more people in NCMS and URBMI and improve benefit. The rest was put
aside to strengthen the primary care delivery systems and essential public health services.
This is defined as a package of services including immunisations, health promotion and
education, prenatal and well-child care, safe motherhood, health check-ups for the elderly,
and detection and management of a set of priority infectious and NCDs such as tuberculosis,
hypertension and diabetes.
ϮϮ

Chapter 2 Literature review

By 2012, significant progress had been achieved for the first four targets. 95% of the
population in China had been covered by social health insurance schemes, and the benefit
packages expanded to cover 50% and 75% of expenditure for outpatient and hospitalisations,
respectively. Near 2200 county hospitals and more than 330,000 primary health
centres/stations had been rebuilt or upgraded (Yip et al. 2012). The package of basic public
health services had been reported to be on track although their quality is unknown (Yip &
Hsiao 2015).
The reform of 2009 also introduced new essential drug system which was aimed at
eliminating the economic incentives for primary care providers to overprescribe or prescribe
unnecessarily expensive drugs. The policy altogether eliminated the previous fixed (15% or
greater) mark-up of profits that providers used to access by prescribing and selling medicines.
Chen et al. concludes that compared to the pre policy period (2007), medicine expenditure per
prescription and number of Western drugs per outpatient prescription had decreased
substantially barely after a year (in 2010) of the introduction of the new policy. However
overuse of antibiotics remained an extensive problem in the treatment of several diseases,
albeit improvements in some diseases such as diabetes in rural areas (Chen et al. 2014).
The reform trial in public hospital which was implemented in 17 cities has failed to yield
useful lessons for guiding policy formulation. Public hospital reform is the core task in the
latest health reform, with the goal to address the wasteful, inefficient and low quality medical
services delivered by public hospitals. Given the dominant position of public hospitals in
health care delivery, accounting for more than half of outpatient services and over 90% of
inpatient services (National Health and Family Planning Commission 2016), it can be said
that the success of health system reform in China very much depends on how and to what
extent public hospitals are re-structured.
The new round reform has had considerable success. However, important and long term
health related issues still need to be tackled, given new challenges from industrialisation,
urbanisation, and the ageing population, as well as environmental and lifestyle changes (Fu et
al. 2018). As a result, the Healthy China 2030 Plan was launched. To realise the strategic
goals articulated in the Plan, five specific goals and 13 indicators have been developed as
shown in Figure 2.1.
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The Plan’s five areas of focus are: improved health status, achieving healthy life, delivering
on health service and security, and maintaining healthy environment and building robust
health industry. Given the scarcity of resources available for the health system, especially in a
period when economic growth is slowing, the government has recognised that the current
hospital-centred health system is unsustainable and shifting the focus to efficiency is the
priority in the years ahead (World Bank Group et al. 2016).


Source: Developed by the author.

Figure 2.1 The framework of the Healthy China 2030

2.2 Empirical health system efficiency analysis in global context
The analysis of efficiency of health systems can be traced back to the 1970s work on
developed economies. Cochrane et al. studied the relationship between age-specific mortality
rates (up to the age of 64) and input variables along with some environmental and dietary
factors with a regression model (Cochrane et al. 1978). They found that doctor density was
positively associated with lower mortality in the younger age groups. Since the early 1980s,
efficiency models had been used to analyse the efficiency of health systems. However,
according to review results by Hollingsworth, most of the studies focus on individual
components of the health care delivery system, especially on hospitals, while health system
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level efficiency analysis was much less common due to data constraints and methodological
problems (Hollingsworth 2008). This review had been confirmed by another meta-analysis
conducted by Hussey et al., who found among 172 published papers on health care efficiency,
61.1% measured hospital efficiency, 20.4% measured efficiency of physicians (individual or
group), and only 1.9% had evaluated entire health system efficiency (Hussey et al. 2009).
There are now several studies assessing health system efficiency at a country level. For
instance, De Nicola et al. applied bootstrapping based DEA to examine health system
efficiency in Italy, but just focused on the number of ordinary discharges adjusted for case
mix index as health output, and in the second stage used classification and regression trees to
uncover the predictive structure of health system efficiency in the Italian provinces (De
Nicola et al. 2012). Halkos and Tzeremes examined the efficiency of regional public
healthcare delivery at prefecture level in Greek following DEA and free disposal hull (FDH)
models. In their analysis, days of inpatient care was used as an output (Halkos and Tzeremes
2011). Allin et al. solicited decision-maker and other stakeholder perspectives through a
qualitative study when investigating health system efficiency across provinces in Canada with
a DEA model. The analysis used avoidable mortality as an output which was measured with
treatable potential years of life lost (PYLL). Stakeholder’s feedback was used to set the
maximum age (age 80) before which a death is considered to be premature (Allin et al. 2015).
De et al. used a similar DEA model to measure and compare the efficiency of the health
system within various states of India (De et al. 2012). However, the model focused on child
health and used under-5 mortality as opposed to infant mortality, which is also often used in
measuring child health outcome. Kinfu adopted stochastic frontier analysis (SFA) to assess
the efficiency of the health system in South Africa, and probability of survival to age 5 and
institutional delivery rates was used individually as output indicators (Kinfu 2013). Achokie
et al. conducted technical and scale efficiency analysis in Zambia to assess the performance of
the delivery of child health services with two stage bootstrapping model (Achoki et al. 2017a).
In this study, Achokie and colleagues study assessed the performance in two models, one was
taking probability of survival to age 5 as the proxy for health outcome indicator, and the other
was using health intervention coverage as health output indicator. In order to assess the
productivity of child health services, Achokie et al. employed MPI on district panel data in
Zambia (Achoki et al. 2017b). Typical input variables used include density of doctors and
nursing midwives, number of hospitals and density of hospital beds. Among the determinants
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of efficiency, female literacy, poverty level, institutional delivery, and full immunisation of
children have proved to be important factors in explaining the efficiency of the health system
in India (De et al. 2012).
There is increasing international interest in assessing cross-country health system
performance. Perhaps the most ambitious and comprehensive approach so far conducted was
that carried out by the World Health Organization (Murray & Frenk 2001). A similar
approach but mainly focusing on OECD countries was also carried out by Varabyova and
Müller in which they reviewed results from 22 studies published ranging from 1998 to 2014
(Varabyova & Müller 2016). The systematic review showed that seven studies used only one
model specification, while others used more than one, with 75 different models specifications
altogether.
This study has extended the reviews by Varabyova and Müller by including newly published
studies with 29 model specifications and summarised the results in Box1. Along with the
systematic reviews by Varabyova and Müller, 31 published studies with 104 specification
models totally had been identified. A synthesis of all input, output and environmental
variables used in the review studies is shown in Figure 2.2. In total, 193 input variables and
145 output variables have been used. Input variables in the models include health expenditure
(public and private, absolute or relative term), health employment (e.g., physicians, nurses),
hospital beds, medical technologies (e.g., CT, MRI), immunisation (e.g., measles inoculation)
and pharmaceuticals. Socio-economic factors represent education, income, unemployment
and income inequality. Finally, lifestyle factors include tobacco consumption, alcohol
consumption, dietary choice and pollution. Output categories include quality as well as length
of life, such as mortality before or between selected exact ages (e.g., infant mortality,
maternal mortality), life expectancy (at birth or at age 65, male and female), life expectancy
adjusted for disability or health, and potential years of life lost, as well as those related to
health care activities such as immunisation coverage, hospital discharge and physician
consultations.
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Source: Developed by the author.
Notes: values in round brackets represent frequency of input or output variable used in the 104 production model
specifications. Values in square brackets represent the frequency of environmental variable used in the 27 model
specifications of the second-stage analysis.

Figure 2.2 Input, output and environmental variables used in 31 review studies.
In terms of inputs used in 104 model specifications, measures of health expenditure account
for about 40%, followed by health employment (33.2%), and hospital beds and medical
technologies share 14.0% and 11.9%, respectively. In terms of outputs used in 104 model
specifications, measures of life expectancy account for 32.4%, followed by mortality rate
(23.4%). Health-adjusted life expectancy and potential life years lost share 18.6% and 13.1%,
respectively. Health care activities share another 3.4% (Figure 2.3).
In terms of methods used, among the 31 studies, the DEA method has been used in 17 studies,
the SFA method has been used in 8 studies, and other methods like distance based model, and
fixed effect panel methods have also been used in a couple of studies.
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Source: Developed by the author.

Figure 2.3 Inputs and outputs used in 104 model specifications



Box 1 Selected reviews of multi-country studies
Evidence on global health system efficiency comparative studies
Evans et al. examined comparative health system efficiency of WHO member states through
estimating the relationship between levels of population health and the inputs used to produce
health. Healthy life expectancy was used as a proxy for population health, while health
expenditure per capita was used as an input to the health system. The model also included
educational attainment as an external health determinant. They found that estimated efficiency
varied between countries, and it increased with health expenditure per capita (Evans et al. 2001).
Similarly, Kim and Kang investigated health system efficiency across 170 countries which were
divided into four groups to ensure that the homogeneity requirement was satisfied. The study
implemented Simar and Wilson’s bootstrapping DEA approach and revealed that inefficiency
existed in most countries’ health system, and notably, in each group Asian countries performed
more efficiently than other regions (Kim & Kang 2014). Gearhart extended the cross-sectional
approach used in previous studies by extending the analysis to productivity changes. The
findings showed that cross-country heterogeneity led to different efficiency rankings, but the
results were robust only when focused on a more homogenous OECD countries (Gearhart 2016).
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Box 1 Selected reviews of multi-country studies (cont.)
Comparison among OECD countries
Or et al. used a multilevel approach to evaluate the impact of doctors on health where health status
was confined to a set of mortality indicators, namely life expectancy at birth, life expectancy at 65
and infant mortality as these provided more specific information on the health of the specific groups
of interest for which health care may be a particularly important determinant of health status (Or et
al. 2005). De Cos and Moral-Benito investigated the determinants of health system efficiency
across OECD countries following a combination of approaches (i.e., DEA, SFA and fixed effect
model) (de Cos & Moral-Benito 2014). According to their findings, Japan, France, and Italy were
ranked consistently high according to the three different efficiency indices, while Hungary and the
Slovak Republic were ranked among the worst performers. Sharon et al. compared healthcare
systems’ efficiency in OECD countries using two separate models, one mostly including inputs
within the discretionary control of the health system (physician density, inpatient bed density, and
health expenditure per capita), and another incorporating mostly inputs beyond its control (health
expenditure per capita, GDP per capita, consumption of fruit and vegetables per capita). Health
outputs were measured by life expectancy and infant survival rate. They concluded that besides
guaranteeing adequate medical care, countries should also focus on measures that impact population
behaviour and welfare to ensure that health system efficiency is achieved (Hadad et al. 2013).
Comparison among EU member states
Borisov et al. examined the overall efficiency at the regional level in health systems for EU member
states, using number of physicians, hospital beds, measles immunisation coverage and health
expenditure per capita as input variables, and life expectancy at birth and IMR as outputs (Borisov
et al. 2012). A DEA model was applied. Using a similar methodology, another study by Asandului
et al. evaluated the efficiency of public healthcare systems in 30 European states. Life expectancy at
birth, health adjusted life expectancy and IMR had been used as output variables. Inputs to the
model were measured by density of doctors and hospital beds and by the share of GDP invested on
public health activities. They found that a number of both developed and developing countries
operated on the efficiency frontier (Asandului et al. 2014).
Beyond developed countries
Mirmirani et al. used DEA model to compare health care efficiency in eight transition economies.
In their study, output variables include average life expectancy at birth and IMR, and input
variables include per capita health care expenditure, density of hospital beds, and density of
physicians and coverage of measles immunisations (Mirmirani & Li 2008). On the other hand, in
their study on 51 developing countries, Alexander et al. used disability adjusted life expectancy,
female disability adjusted life expectancy, and IMR as output metrics. But their input metric only
consisted for price-adjusted health expenditure per capita (Alexander et al. 2003; World Bank
Group et al. 2016). Their findings highlighted the influence of women’s education and inadequate
nourishment on health, but argued that the increasing financial burden on households in some
developing countries could force poorer families to compromise girls’ education opportunities or
decrease food consumption.
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2.3 Review on potentially avoidable hospitalisations analysis
Potentially avoidable hospitalisations (PAHs), also termed as ‘potentially preventable
hospitalisations’, or hospitalisations for ‘ambulatory care sensitive conditions’ (ACSC), are
admissions to a hospital of a patient that might be potentially prevented if timely and effective
primary care and disease management had been provided to the patient (Billings et al. 1993).
Since it was originally developed in the USA (Agency for Healthcare Research and Quality
2007; Billings & Teicholz 1990; Billings et al. 1993; Weissman et al. 1992), the concept of
PAH has been used widely in various settings, such as Australia (Stamp et al. 1998), New
Zealand (Jackson & Tobias 2001), Singapore (Niti & Ng 2003), Canada (Roos et al. 2005),
Italy (Rizza et al. 2007), and England (Purdy et al. 2009), etc., as a useful indicator of lack of
access to and overall effectiveness of primary care.
A broad range of conditions have been identified as ambulatory care sensitive in the literature
(Billings et al. 1993; Millman 1993). Generally, the identification of conditions determined to
be PAH is developed through a consensus and a consultative process involving panels of
clinicians, and employing different methodologies and decision criteria. For instance, John
Billings (Billings et al. 1993) in cooperation with the United Hospital Fund of New York put
forward a list of PAHs through a modified Delphi approach and with engagement of a panel
of six internists and paediatricians. Whereas Joel Weissman (Weissman et al. 1992) used a
systematic review, supplemented by desk evaluation by a panel of physicians, and proposed
several additional conditions added to the original list developed by John Billings. The
modified Delphi technique has been used to develop a comprehensive list of PAHs in the UK
(Sanderson & Dixon 2000).
The newly modified version of the Prevention Quality Indicators (2016) consists of 13
indicators (Agency for Healthcare Research and Quality 2016), which can be grouped into
three groups: chronic conditions, acute conditions and birth outcomes.
•

Chronic conditions include diabetes short-term complications, diabetes long-term
complications, chronic obstructive pulmonary disease (COPD) or asthma in older
adults, hypertension, heart failure, uncontrolled diabetes, asthma in younger adults and
lower-extremity amputation among patients with diabetes. Compared to the early
version, angina without procedure is retired;

•

Acute conditions include perforated appendix, dehydration, bacterial pneumonia and
urinary tract infection;
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•

Birth outcomes include low birth weight alone.

The Australian Institute of Health and Welfare (AIHW) has adopted PAH conditions as
performance indicators in its National Health Performance Framework (Australian Institute of
Health and Welfare 2016). The PAH conditions specified in the framework have been
classified into three groups as described below:
•

Vaccine-preventable conditions, consisting of influenza and pneumonia and other
vaccine-preventable conditions;

•

Chronic conditions, consisting of asthma, congestive cardiac failure, diabetes
complications, COPD, angina, iron deficiency anaemia, hypertension, nutritional
deficiencies and rheumatic heart disease;

•

Acute conditions, consisting of dehydration and gastroenteritis, pyelonephritis,
perforated/bleeding ulcer, cellulitis, pelvic inflammatory disease, ear, nose and throat
infections, dental conditions, appendicitis with generalised peritonitis, convulsions and
epilepsy and gangrene.

The challenge with using PAH as a key performance indicator for health services is that not
all PAH conditions can be completely preventable. According to a study, the degree of
preventability ranged between 61 percent for ischaemic heart disease and 94 percent for
dental diseases (Sundmacher et al. 2015). Much of the literature has examined the association
between the delivery of general practitioner (GP) services and PAHs, but the findings are
inconsistent. Hollingworth et al. conducted a prospective control trial that compares the
Beacon model – a multidisciplinary, community-based, integrated primary-secondary care
model, with usual care at a hospital outpatient clinic for management of chronic disease. They
found that with the Beacon model, the average number of PAHs due to diabetes was 0.19 per
patient, which was much lower than the 0.35 per patient rate observed in the usual care group
over the two year period under study (Zhang et al. 2015a). It estimated that the Beacon model
could help Australia save $132.5 million per year resulting from the reduction in PAHs due to
diabetes (Hollingworth et al. 2017). Consistently, the burden in managing emergency
admissions for constipation in Victoria in Australia is very significant, both in terms of
number of admissions, emergency bed days and overall direct costs (Ansari et al. 2014).
Ansari et al. argued $8.3 million could be saved for the public health system if primary
healthcare was improved and faecal disimpaction without emergency admission was achieved.
Kruger and Tennant contended that focusing efforts on an improved, accessible and equitable
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primary oral care system can reduce avoidable oral health related hospitalisations and bring
government health expenditure under control (Kruger & Tennant 2014). Conversely, Falster
et al. (Falster et al. 2015) argued that in Australia GP supply only explained 2.9% of the
geographic variation in hospitalisation rates, and much of the variation, about 36.9%, was due
to sociodemographic composition, differences in health status and behaviours of the
population.
In most countries, including China hospital care represents the largest component of overall
health care expenditures. Some hospitalisations can be potentially prevented with timely and
effective ambulatory care. Thus, reducing the frequency of PAHs would be an effective
strategy for lowering costs while improving quality of care and patient outcomes. This would
improve AE. A number of studies have measured how much has been wasted due to PAHs. In
2006, nearly 4.4 million hospital admissions, totalling $30.8 billion in hospital costs, could
have been avoided with timely and effective ambulatory care or adequate patient selfmanagement of the conditions in the USA (Jiang et al. 2006). Analysis of paediatric
hospitalisations (0 to 17 years of age) at the national level in the USA showed that $4.1 billion
in hospital charges, 1.1 million hospitalisation days for children were avoidable. One solution
to limiting healthcare spending growth involves reducing the number of PAHs. Timely and
adequate access to primary care can potentially prevent hospitalisations by offering prompt
attention to acute conditions that mitigates the clinical outcome (Lu & Kuo 2012). Galarraga
et al. (Galarraga et al. 2015) studied how payments and changes for PAH conditions differ by
three hospital-based settings (outpatient, emergence department, and inpatient) in the USA
and found inpatient hospitalisations were by far the most costly options. For example, charges
for an inpatient PAH visit were four times higher when compared to an emergency
department visit, and almost 10 times higher relative to an PAH visit if managed in an
outpatient hospital-based clinic. Finding solutions to expand outpatient resources and improve
the management of chronically ill patients may avoid a scenario that lead to more expensive
hospital-based encounters. PAHs have been applied by Guanais et al. (Guanais et al. 2012)
from a broader cross-country perspective to quantify the magnitude of PAHs and the
associated costs in Latin American and the Caribbean. The study estimated that the number of
PAHs in the region amounted to 8.1 million to 10 million episodes, representing about 2.5
percent of the reported total health expenditure (THE) in the study year.
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2.4 Review of past studies on efficiency analysis in China
In the context of China, studies on health system efficiency can be grouped into two: those
that were focused on the examination of technical efficiency at the subsector level, for
example, health efficiency assessment in hospitals (Sun et al. 2012) and township hospitals
(Huang & Hu 2004) and those that were based on a system level (Ying 2008). In a study of
the first genera, Li et al. examined and analysed health determinants using a mean production
function (Li 2000), and Bainster and Zhang examined the effects of economic and social
variables on health outcome among provinces of China (Judith & Zhang 2005). Yang et al.
have found that TE differs among regions in China. It is higher in eastern China, followed by
the middle part, and lower in Western China (Yang 2010). This has been confirmed by Zhang
et al. who argue that Shanghai, Beijing, Jiangsu are technically efficient, while Guizhou and
Yunnan in western China are more technical inefficient (Zhuang et al. 2006).
Recently, more studies have analysed productivity in the context of healthcare reform in
China. For example, Hu et al. looked at the effect of health insurance reform on hospital TE,
in which total number of inpatient days alongside with hospital mortality and total number of
outpatients and emergency visits were used as hospital outputs (Hu et al. 2012). Another
study, in Beijing, in which hospital outputs were represented by hospital revenue and number
of treated patients a slight decline in TE was found in third-grade hospitals (Li et al. 2014a).
Cheng et al. examined the TE and productivity of county-level hospitals since the 2009
healthcare reform. Hospital outputs in the study were represented by the number of inpatient
days and the number of outpatient and emergency visits (Cheng et al. 2015). On the other
hand, Audibert et al. examined the impact of health insurance reform on the efficiency of
township hospitals in rural China (Audibert et al. 2013). Outputs were categorised into
curative and preventive medical services with the number of inpatient care and outpatient
visits were used as indicators of curative output while number of vaccination delivered was
used as preventive output. Inputs captured in their model included number of curative medical
staff, preventive medical staff and beds, x-ray and equipment. Cheng et al. also conducted a
similar analysis in Hubei, a province in China (Cheng et al. 2016).
At the system-wide level, Ying analysed productivity and efficiency of China’s health care
sector in the post reform period (Ying 2008). Applying length of stay and number of hospital
outpatient visits as measures of health outputs for the intermediate approach, and mortality
rate as the output in the outcomes model, they found that there was room for improvement in
ϯϯ
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TE in China, particularly in the coastal provinces. Zhang and Bao analysed the medical
service system’s efficiency based on the familiar Cobb-Douglas production function, using
specifically number of health services as the output of their model (Zhang & Bao 2012). On
the other hand, Zhang et al. used number of outpatient visits, bed utilisation rate and hospital
business revenue as proxies for health outputs (Zhang et al. 2015b). In terms of approaches,
both SFA and DEA approaches have been applied. Wu et al. employed a DEA-based MPI
method and a Tobit regression to study the changing trends in total factor productivity
between 2003 and 2011 (Wu et al. 2015). A study on health system efficiency during post
health care reform at the county level was conducted, and it found overall efficiency and total
factor productivity increased after the 2009 healthcare reform (Zhang et al. 2017). However,
again only health activity outputs (including total number of visits and total number of
admissions) have been considered without any quality adjustment in their study. Similarly, for
the public health service efficiency analysis model, coverage of post-natal care, prenatal
diagnosis rate and monitoring of child health for the under 3 years1, were used as measures of
health outputs, while for the medical service efficiency model, bed occupancy rate, number of
physician’s daily clinic visits and hospital visits were used as measures of health outputs. A
few studies used health outcomes in efficiency assessment. Xiao et al. used MMR and IMR as
health output measures to examine the TE of government health expenditure (Li et al. 2014b;
Luo & Hu 2008; Xiao et al. 2014a). Li et al. used total survival year as health output measure
to investigate TE of health system at provincial level (Li et al. 2014b; Luo & Hu 2008; Xiao
et al. 2014a).
PAH analysis has been used as a policy instrument for measuring health system performance
and a way to quantifying waste in the United States and some other developed countries.
However, for developing countries, it has been insufficiently tested. In China, Zhou et al.
introduced the concept for the first time and studied implications for China (Zhou et al. 2015),
while Su et al. examined the evaluation criteria for avoidable admission and analysed the
reason for unreasonable admissions in China (Su et al. 2016). In their study, according to
hospital admission data in the medical institutions at the provincial, city and county level, the
ICD-10 codes for hypertension, COPD and congestive heart failure were selected and
analysed. In a subsequent study, Jiang and colleagues (Jiang et al. 2015) analysed PAH and
examined potential determinants of PAHs with administrative data.
 
ϭ
Health management rate of child under 3 years is the proportion of child under 3 years who receive health examination and
development monitoring according to national policy in the whole children under 3 years old.
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2.5 Literature gap
So far, regarding TE analysis in the health system, the international and Chinese-based
literature has mainly focused on institutional level analysis. Comparatively speaking, few
studies have examined efficiency at the system level; among these the majority have used
health care activities, e.g., the number of outpatient visits, and the number of discharges as
output measures. Moreover, these studies have usually focused only on a snapshot of health
system efficiency, while few studies had examined dynamic change of the health system
efficiency over time.
Specifically, in terms of health system efficiency analysis in China, most of the studies
focused on health outputs measured by health activities, usually without making adjustments
for quality. The problems of using health care activities as output in the health system TE
assessment have been discussed earlier. Others used health outcome measures including life
expectancy and mortality rate as their outputs. However, the use of such health outcome
measures is not without problems. One of the limitations is that they overstate the value added
attributable to the health system. Few studies used MMR and IMR to measure health
outcomes, however focusing only on MMR or/and IMR fails to capture the comprehensive
role that the health system plays such as in the prevention and control of NCDs. Secondly, the
result can be contested because the health inputs used in such analysis are for the whole health
system rather than the health inputs for maternal health or child in the analysis model.
PAH has been widely used in the international literature to analyse AE in the health system.
However, only a couple of similar studies exist in the context of China. The concept of PAH
was first introduced in China in 2015, and was applied to examine avoidable admissions, and
quantify the related hospital expenditure, but the analysis was restricted to hypertension,
COPD and congestive heart failure. Another study looking at determinants of PAHs in China
but ignore potential confounding factors such as prehospital factors (e.g., access to health
resources and services). These two studies were also geographically restricted and cover a
very narrow time horizon. In conclusion, the review suggests the existence of a huge
knowledge gap on health system efficiency in China, and filling this gap would be highly
relevant for the country, especially in the context of the implementation of the Healthy China
2030 Plan. Further details on the research gaps can be found in the individual chapters that are
prepared as separate and standalone papers.

ϯϱ

ϯϲ

CHAPTER 3 TECHNICAL AND SCALE EFFICIENCY OF
HEALTH SYSTEM IN CHINA: A BOOTSTRAPPING DATA
ENVELOPMENT ANALYSIS
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restrictive,biased
biasedand
andof
of limited
limited
in guiding
policies
anddecision-making.
decision-making.This
This isis partly
partly
useuse
in guiding
policies
and
to do
with
existence
a distortedhealth
healthpricing
pricingsystem
system
to do
with
thethe
existence
ofof
a distorted
in China,
which
encourageshealth
healthproviders
providersto
toover-treat
over-treat
in China,
which
encourages
patients,
and
overusedrugs,
drugs,tests
testsand
andtreatment.
treatment. MoreMorepatients,
and
overuse
over,
activity-based
systemsacrifices
sacrificesquality
qualityof
of care
care and
and
over,
an an
activity-based
system
leads
burnout
medicalstaff,
staff,and
andpatient
patient dissatisfacdissatisfacleads
to to
burnout
ofof
medical
tion,
which
could
causeincreased
increaseddisputes
disputes between
between
tion,
all all
of of
which
could
cause
11–13
patients
and
doctors.
In
addition,
an
activity-based
11–13
patients and doctors.
In addition, an activity-based
efficiency analysis also goes against the two core aspects
efficiency analysis also goes against the two core aspects
of the country’s health reform agenda, namely achieving
of the country’s health reform agenda, namely achieving
value for money and shifting the focus away from the
value for money and shifting the focus away from the
production of treatments to producing better health for
production
of treatments
to studies
producing
for
5 6
the population.
Several
havebetter
used health
alternative
5 6
thehealth
population.
Several
studies
have
used
alternative
outcome-based measures, such as life expectancy,
health
outcome-based
measures,
suchinfant
as lifemortality
expectancy,
maternal
mortality rate
(MMR) and
rate
14–16 mortality rate
maternal
mortality
rate
(MMR)
and
infant
(IMR), as their outputs of interest.
However, these
14–16
(IMR),
as are
their
outputsand
of interest.
studies
outdated
use a limitedHowever,
range of these
input
studies
are
outdated
and
use
a
limited
range
of input
variables and external factors that affect the efficiency
of
variables
external
factors Moreover,
that affectall
the
of
health and
system
in the country.
of efficiency
these studies
health
thea country.
Moreover,
of thesesolely
studies
had system
focusedinon
single outcome,
butall
focusing
on
outcome
IMR
or MMR),
was donesolely
in these
hadone
focused
on (such
a single
outcome,
butasfocusing
on
fails(such
to capture
broaderasroles
onestudies,
outcome
IMR the
or MMR),
was that
donethe
inhealth
these
systemfails
plays
and child
such
as in
studies,
tobeyond
capturematernal
the broader
roleshealth,
that the
health
the prevention
andmaternal
control of
NCDs.
system
plays beyond
and
child health, such as in
The objectives
this study
are, therefore, to examine
the prevention
and of
control
of NCDs.
technical
efficiency
from
a holistic
system-wide
perspecThe
objectives
of this
study
are, therefore,
to examine
tive with
a focus on
thea improvement
of childperspechealth,
technical
efficiency
from
holistic system-wide
maternal
health
and
NCD-related
health
conditions
and
tive with a focus on the improvement of child health,
to understand the drivers of the variation in technical
maternal health and NCD-related health conditions and
to understand the drivers of the variation in technical
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Patient
public
involvement
Patient
andand
public
involvement
Our
analysis
was
basedononpublicly
publiclyavailable
available aggregated
aggregated
Our
analysis
was
based
secondary
data.
Hence,the
thestudy
studydid
didnot
notdirectly
directly involve
involve
secondary
data.
Hence,
patients
public
large.
patients
or or
thethe
public
atatlarge.
Data and variables
Data
and variables
Input and output variables
Input and output variables
The Chinese health system is made up of a hybrid system,
The Chinese health system is made up of a hybrid system,
whereby both private and public delivery of health
whereby
private and
publicsystems
delivery
of health
servicesboth
and healthcare
payment
coexist.
There
services
and
healthcare
payment
systems
coexist.
There
are mainly two health insurance systems in operation
in
areChina:
mainlythe
two
healthinsurance
insurance
systems
in operation
in
medical
scheme
designed
for urban
China:
the medical
scheme
for urban
employees
and theinsurance
system available
fordesigned
rural residents
and
employees
and
the
system
available
for
rural
residents
and
those who are not in the labour force. The latter includes
those
who are
the labour
force.areas
The as
latter
children
andnot
theinelderly
in urban
wellincludes
as rural
children
and
the
elderly
in
urban
areas
as
well
rural
residents who are covered through the new ruralas
cooperresidents
who are
covered
through
theoperate
new rural
cooperative medical
schemes.
Both
schemes
throughout
themedical
countryschemes.
and are Both
similar
across the
provincial
health
ative
schemes
operate
throughout
thesystem.
country and are similar across the provincial health
To examine health system efficiency at the provincial level,
system.
weexamine
have included
the efficiency
31 administrative
areas in mainTo
health all
system
at the provincial
level,
These
form the DMUs
in our
analwe land
haveChina.
included
all provinces
the 31 administrative
areas
in mainysis.
Variables
for provinces
analysis were
selected
based in
onour
evidence
land
China.
These
form
the DMUs
analsimilarfor
previous
and availability
of evidence
data.27–30
ysis.from
Variables
analysisstudies
were selected
based on
Forsimilar
the input
portion,
the number
of medical
from
previous
studies
and availability
of personnel
data.27–30
per 1000 residents, the number of hospital beds per 1000
For the input portion, the number of medical personnel
per 1000 residents, the number of hospital beds per 1000
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Bootstrapping DEA and truncated bootstrapped regression
Bootstrapping
DEA
and truncated
bootstrapped
Traditional
DEA
models
are more
sensitiveregression
to the selection
Traditional DEA models are more sensitive to the selection
of inputs and outputs and neglect the effects of non-disof inputs and outputs and neglect the effects of non-discretionary factors that influence the production function,
cretionary factors that influence the production function,
which make the efficiency scores biased. Hence, a bootwhich make the efficiency scores biased. Hence, a bootstrapping
DEA
model
proposed
strapping
DEA
model
proposedbybySimar
Simarand
andWilson
Wilson was
was
used
to
estimate
bias-corrected
technical
efficiency
used to estimate bias-corrected technical efficiency scores
scores
at the
first
stage.
A truncated
at the
first
stage.
A truncatedbootstrapped
bootstrappedregression
regression was
was
used
in
the
second
stage
to
identify
external
used in the second stage to identify external factors
factors that
that
may
influence
the
may
influence
theefficiency
efficiencyscores.
scores.The
The analyses
analyses were
were
performed
in
Stata
V.15
using
user-developed
performed in Stata V.15 using user-developedcommands
commands
25 26
proposed
by byBadunenko
Based
proposed
Badunenkoand
andMozharovskyi.
Mozharovskyi.25 26 Based
on on
thethe
default
settings,
default
settings,1000
1000repetitions
repetitionsand
and2000
2000 repetirepetitions
had
been
used
thefirst
firstand
andsecond
secondstage
stage analysis,
analysis,
tions
had
been
used
inin
the
respectively.
respectively.
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residents and the total health expenditure
per
capita was
used. Medical professional category includes physicians
residents and the total health expenditure per capita was
(namely
general
practitioners
and includes
specialists),
but does
used.
Medical
professional
category
physicians
not
include
nurses,
pharmacists
or
other
medical
staff. It
(namely general practitioners and specialists), but does
is
recognised
that
physical
measures
such
as
the
number
not include nurses, pharmacists or other medical staff. It of
equivalent
staff may
be a such
better
of of
availis
recognisedfull-time
that physical
measures
asindicator
the number
ability
of
human
resources
for
health,
but
unfortunately
equivalent full-time staff may be a better indicator of availsuch data
are not resources
available. Hospital
bed
wasunfortunately
used as a proxy
ability
of human
for health,
but
for
capital
investment.
Total
health
expenditure
capita
such data are not available. Hospital bed was used as aper
proxy
is the
suminvestment.
of public Total
and private
health expenditure
for
capital
health expenditure
per capitaas a
is
the of
sum
of population,
public and private
health the
expenditure
ratio
total
and it covers
spendingasona all
ratio
population,
coversservice
the spending
on all
kindsofoftotal
health
providersand
forithealth
delivery.
kinds
health
providers
for health
Forofthe
output
portion,
the service
healthdelivery.
outcomes were
For the by
output
thethe
health
outcomes
were
measured
IMR, portion,
MMR, and
mortality
and the
years
measured
by disability
IMR, MMR,
and the
mortality
and the
lost due to
(YLD)
caused
by NCDs,
in years
view of
lost
duereasons.
to disability
(YLD)
by basically
NCDs, in represents
view of
several
First,
eachcaused
measure
several
reasons.
First,
basically represents
the health
status
of each
threemeasure
key population
groups that
the
three key
population
that
can health
benefitstatus
from of
effective
health
systems.groups
It is reported
can benefit from effective health systems. It is reported
that premature mortality from NCDs by 2030 can be
that premature mortality from NCDs by 2030 can be
reduced by one-third if more effort is committed and
reduced by one-third if more effort is committed and
certain targets for risk factor interventions are achieved
certain targets
for risk factor interventions are achieved
Two-thirdsofofthe
theavoidable
avoidablematernal
maternal
in China.
China.3131 Two-thirds
in
andand
infant
mortalities
were
attributed
to
health
worker-reinfant mortalities were attributed to health worker-related factors,
factors,and
and10.2%
10.2%were
wereattributed
attributed
poor
supply
lated
to to
poor
supply
32
32
factors.
The
main
causes
of
maternal
mortality
are
factors. The main causes of maternal mortality are all all
amenable to
to interventions
interventionsatata ahealth
health
system
level
amenable
system
level
andand
33 33
34 34 Second, these condiare
highly
relevant
in
China.
are highly relevant in China.
Second, these conditions represent
representmajor
majorpublic
publichealth
health
concerns
China.
tions
concerns
in in
China.
31 31
NCDs are
areresponsible
responsiblefor
for87%
87%ofof
total
deaths
China
, ,
NCDs
total
deaths
in in
China
and
in in
child
health
andand
and significant
significanthealth
healthgaps
gapsstill
stillexist
exist
child
health
maternal
all all
three
maternal health
healthacross
acrossprovinces.
provinces.Additionally,
Additionally,
three
indicators
focus
in in
thethe
Healthy
indicatorsrepresent
representmajor
majorareas
areasofof
focus
Healthy
China
policy
significance.
China 2030
2030Plan
Planand
andare
areofofhigh
high
policy
significance.
In
to to
repreIn the
the DEA
DEAmodel,
model,outputs
outputsare
areunderstood
understood
represent
criteria,
as as
what
hadhad
sent ‘more
‘moreisisbetter’.
better’.To
Tomeet
meetthese
these
criteria,
what
27 30
been
waswas
converted
been done
done inin previous
previousstudies,
studies,27 30IMR
IMR
converted
into
infant
survival
rates
(ISR)
(ISR=1000IMR),
andand
into infant survival rates (ISR) (ISR=1000- IMR),
MMR was converted into maternal survival rates (MSR)
MMR was converted into maternal survival rates (MSR)
(MSR=100 000 -MMR). NCDs mortality and YLD was
(MSR=100 000 -MMR). NCDs mortality and YLD was
converted into NCDs-based healthy life years (HLY_
converted into NCDs-based healthy life years (HLY_
NCDs), whereas only mortality and morbidity caused
NCDs),
only mortality
andcalculating
morbidity HLY.
caused
by
NCDswhereas
were considered
when
by
NCDs
were
considered
when
calculating
HLY.
The concept of HLY has emerged as one of the more
The
concept
of
HLY
has
emerged
as
one
of
the
more
commonly used health status measures that incorporates
35 36
commonly
used
status
measures that incorporates
both
mortality
andhealth
morbidity.
35 36
both
mortality
and
morbidity.
Factors such as disposable income per capita, educaFactors
such asurbanisation
disposable rate,
income
per capita,
educational
attainment,
financing
protection
tional
attainment,
urbanisation
rate,
financing
protection
(represented by the percentage of out-of-pocket (OOP)
(represented
the percentage
of out-of-pocket
in
total health by
expenditure)
and healthcare
service(OOP)
use
pattern
by admissionand
ratehealthcare
were considered
in total measured
health expenditure)
serviceinuse
the
second
stage analysis.
These rate
factors
were
selected in
pattern
measured
by admission
were
considered
based
on evidence
similarThese
previous
studies
and selected
availthe second
stagefrom
analysis.
factors
were
27–30 37
ability
of data.
Given
only previous
31 observations
in our
based on
evidence from
similar
studies and
avail37
analysis,
keep27–30
a limited
number
of independent
ability oftodata.
Given
only 31
observations variin our
ables
in the
analysis,
a composite
socioeconomic
status
analysis,
to keep
a limited
number
of independent
vari(SES)
index
constructed
using principal
component
ables in
thewas
analysis,
a composite
socioeconomic
status
analysis
basedwas
on constructed
disposable income
per capita,
educa(SES) index
using principal
component
tional attainment and urbanisation.
analysis based on disposable income per capita, educational attainment and urbanisation.

a disproportionate change in output levels as input levels
change by one unit. Accordingly, an increasing return to
a disproportionate change in output levels as input levels
scale
is achieved
whenAccordingly,
greater increases
in thereturn
outputs
change
by one unit.
an increasing
to
arescale
attained,
while
a
decreasing
return
to
scale
(DRS)
is
is achieved when greater increases in the outputs
achieved
when
a
unit
change
in
input
leads
to
a
disproare attained, while a decreasing return to scale (DRS) is
portionately
lowera increase
in the
output
level.
achieved when
unit change
in input
leads
to aHence,
disprogiven
the
importance
of
global
technology
in
the
DEA
portionately lower increase in the output level.
Hence,
andgiven
the absence
of
solid
evidence
on
the
nature
of
RTS
in
the importance of global technology in the DEA
thisand
study
area,
a
two-part
returns-to-scale
test
as
proposed
the absence of solid evidence on the nature of RTS in
24
was performed.
by Simar
andarea,
Wilson
this study
a two-part
returns-to-scale test as proposed
24
wasof
performed.
by Simar and
According
to Wilson
the result
the test, the null hypothAccording
the result
the test,
null hypothesis of
CRS wastorejected
at aof99%
level the
of significance.
esis of CRS
was was
rejected
99% the
levelperformance
of significance.
Therefore,
a VRS
used at
to aassess
of
Therefore,
a VRS was
usedsystems
to assess
of
different
provincial
health
inthe
theperformance
promotion of
different provincial health systems in the promotion of
health.
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Mean

Outputs
Variable
ISR
Outputs

Mean

Units

Minimum

SD

Minimum

Maximum
Maximum

994.69

3.36

984.00

997.77

MSR
ISR

Per
000
births
Per100
1000
livelive
births

99994.69
983.68

17.52
3.36

99
899.10
984.00

99
997.70
997.77

MSR
HLY_NCDs

Per 100 000 live births
Years

99 983.68
77.25

17.52
2.50

InputsHLY_NCDs
Inputs expenditure
Health

Per 1000 live births

SD

Years

Healthpersonnel
expenditure
Medical

CNY per capita
CNY
per residents
capita
Per
1000

Medical
personnel
Hospital
bed
Hospital
Environmentalbed
variables

Per1000
1000 residents
residents
Per
Per 1000 residents

Environmental variables
Disposable
income
Disposable income
Urbanisation
Urbanisation
Education attainment
Education attainment
Percentage of OOP in total health
Percentage
expenditure of OOP in total health
expenditure
Admission rate
Admission rate

77.25

CNY per capita
CNY per capita
Percentage
Percentage
Years
Years
Percentage
Percentage

99 899.10
71.86 99 997.70
82.93
71.86

82.93

3258.34

1297.42

2103.71

8453.14

3258.34
2.25

1297.42
0.42

2103.71
1.70

8453.14
3.90

2.25
5.13

0.42
0.63

1.70
4.02

3.90
6.37

5.13

0.63

4.02

6.37

21 912.26

21 912.26

56.64
56.64
8.59
8.59
29.00
29.00

Percentage
Percentage

2.50

14.43

14.43

8988.54

8988.54

12.89
12.89
1.34
1.34
6.49
6.49
3.00

3.00

12 254.30

12 254.30

27.74
27.74
4.17
4.17
5.71
5.71
7.30

7.30

49 867.20

49 867.20

87.60

87.60

12.16

12.16

36.89
36.89
21.40

21.40

ISR, infant survival rates; MSR, maternal survival rates; HLY_NCDs, NCDs-based healthy life years; OOP, out-of-pocket.
ISR, infant survival rates; MSR, maternal survival rates; HLY_NCDs, NCDs-based healthy life years; OOP, out-of-pocket.

Data
source
Data
source
Multiple
data
sources
were
Multiple
data
sources
wereemployed.
employed.The
Thedata
data source
source of
of
each
variable
is
listed
as
follows.
each variable is listed as follows.
Ź Ź
China
Health
China
Healthand
andFamily
FamilyPlanning
Planning Statistical
Statistical YearYearbook
2016:
MMR,
medical
book
2016:
MMR,
medicalpersonnel
personneldensity,
density, hospital
hospital
density.
bedbed
density.
China
Maternaland
andChild
ChildAnnual
Annual Health
Health Report:
Report:
Ź Ź
China
Maternal
IMR.
IMR.
NationalHealth
HealthReports
Reports 2016:
2016: Health
Health expendiexpendiŹ Ź
National
ture
per
capita,
percentage
of
OOP
in
total
health
ture per capita, percentage of OOP in total health
expenditure.
expenditure.
Chinese
CenterofofDisease
DiseaseControl
Control and
and Prevention:
Prevention:
Ź Ź
Chinese
Center
NCDs
mortality
and
YLD.
NCDs mortality and YLD.
Ź China Statistical Yearbook 2016: disposable income
Ź China Statistical Yearbook 2016: disposable income
per capita, educational level, urbanisation rate and
per capita, educational level, urbanisation rate and
admission rate.
admission rate.

Efficiencyestimates
estimates
Efficiency
Table
2
summarises
thebias-corrected
bias-correctedOTE,
OTE,
PTE
Table 2 summarises the
PTE
andand
SE
estimates
obtained
using
an
output-oriented
DEA
SE estimates obtained using an output-oriented DEA
model
for
the
31
provinces
of
China.
As
mentioned
model for the 31 provinces of China. As mentioned
earlier, the
the estimates
estimateswere
weregenerated
generatedusing
using
VRS
techearlier,
VRS
technology
nology following
following results
results ofofRTS
RTStest.
test.The
Thebias-corbias-corrected
0.9947,
rected PTE
PTE for
for the
the country
countryasasa awhole
wholewaswas
0.9947,
meaning
that
overall
the
country’s
health
system
hashas
meaning that overall the country’s health system
been
operating
highly
efficiently.
The
mean
level
of of
been operating highly efficiently. The mean level
SE
is,
however,
much
lower,
that
is,
approximately
0.8653
SE is, however, much lower, that is, approximately 0.8653
(suggesting
level
ofof
13.47%).
As As
a conse(suggestingscale
scaleinefficiency
inefficiency
level
13.47%).
a consequence,
the
bias-corrected
OTE
was
0.8022
(95%
CI CI
quence, the bias-corrected OTE was 0.8022 (95%
0.7251
to
0.8492).
0.7251 to 0.8492).
Table 2 further suggests that only 13 of the 31 provinces
Table 2 further suggests that only 13 of the 31 provinces
(or 41.9% of the total) operated at the most productive
(or 41.9% of the total) operated at the most productive
scale size (MPSS). The remaining 18 provinces (58.1%)
scale size (MPSS). The remaining 18 provinces (58.1%)
operated at a DRS which means that a gain in efficiency
operated
a DRS which
means
that
a gain in size.
efficiency
can
only beatachieved
by scaling
down
operational
can
only
be
achieved
by
scaling
down
operational
Figure 1 portrays a deeply heterogeneous picturesize.
in
Figure
1 portrays aOTE
deeply
heterogeneous
terms
of bias-corrected
across
31 provinces. Itpicture
clearly in
terms five
of bias-corrected
OTE
across 31
provinces.
It clearly
shows
tiers in technical
efficiency
levels
by geographic
shows
five
tiers
in
technical
efficiency
levels
by
geographic
locations. Tianjin, Guangdong and Hainan in the east,
locations.
Tianjin,
Guangdong
the east,
and
Yunnan
and Tibet
in the and
west Hainan
had theinhighest
and Yunnan and
Tibet
in the
west from
had 0.9186
the highest
biased-corrected
OTE
values,
ranging
to
biased-corrected
OTEMongolia,
values, ranging
0.9186
0.9486,
whereas Inner
Sichuan,from
Qinghai
and to
Xinjiang
in western
China
had the
lowest biased-cor0.9486, whereas
Inner
Mongolia,
Sichuan,
Qinghai and
rected
OTE,
0.6441
0.7458,
along
with
Xinjiang
in ranging
westernfrom
China
had tothe
lowest
biased-corLiaoning,
Heilongjiang,
Shandong
Hubei. along
Regions
rected OTE,
ranging from
0.6441and
to 0.7458,
with
of
high level
economic development,
such
as Beijing,
Liaoning,
Heilongjiang,
Shandong and
Hubei.
Regions
Shanghai,
Zhejiang
and Jiangsu,
do not such
rank as
high
in
of high level
economic
development,
Beijing,
biased-corrected
OTE,
yielding
values
of
lower
than
0.80,
Shanghai, Zhejiang and Jiangsu, do not rank high in
which
indicates the
highyielding
level ofvalues
scale inefficiency.
The
biased-corrected
OTE,
of lower than
0.80,
Kruskal-Wallis
test
confirmed
that
the
biased
corrected
which indicates the high level of scale inefficiency. The

RESULTS

RESULTS
Descriptive statistics
Descriptive
Table 1 statistics
presents a descriptive overview of the variables
Table
presents
a descriptive
overview
of the
used1 in
this study.
The ranges
for inputs
andvariables
outputs
used
in
this
study.
The
ranges
for
inputs
and
outputs
are quite wide. For example, the ISR across provinces
arevary
quite
wide. 984
For per
example,
thebirths
ISR and
across
between
1000 live
998provinces
per 1000
varylive
between
984
per
1000
live
births
and
998
births, namely, a baby’s risk of death in theper
first1000
year
liveofbirths,
namely,
a
baby’s
risk
of
death
in
the
first
year
life in Tibet is nearly six times greater than that
in
Beijing.six
Regarding
the HLY_NCDs,
of Guangdong
life in Tibetand
is nearly
times greater
than that an
in
11.07 year and
gap exists
between
provinces.
The lowest was
Guangdong
Beijing.
Regarding
the HLY_NCDs,
an
Tibet
(71.86
years)
and
the
highest
was
Shanghai
(82.93
11.07 year gap exists between provinces. The lowest
was
years).
Similar
patterns
are highest
apparentwas
forShanghai
inputs, especially
Tibet
(71.86
years)
and the
(82.93
health
expenditures.
The
health
expenditure
capita
years). Similar patterns are apparent for inputs, per
especially
ranged
from
2103.71
Chinese
Yuan
(CNY)
to
8453.14
health expenditures. The health expenditure per capita
CNY, which
suggests that
the level
of health
input
ranged
from 2103.71
Chinese
Yuan
(CNY) system
to 8453.14
is
quite
heterogeneous
across
provinces.
CNY, which suggests that the level of health system input
is quite heterogeneous across provinces.

Kruskal-Wallis test confirmed that the biased corrected
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Table 1 Summary of statistics of the variables

0.9757

0.9260

0.8637

Hebei

Shanxi

0.7150

0.8054

Jilin

Heilongjiang

ϰϱ

ϰϱ

0.9724

0.8101

0.8947

Tibet

Shaanxi

Gansu

0.7390
0.8160

0.8160
0.7081

0.7081
0.8652

0.8652

Qinghai
Ningxia

Ningxia
Xinjiang

Xinjiang
Mean

Mean

0.8022

0.6685
0.8022

0.7791
0.6685

0.7022
0.7791
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Observed
coef.
Bootstrap
std. err.

Observed
coef.
Socialeconomic status index
−0.004
Percentage of status
OOP inindex
total health expenditure −0.004
−0.007
Socialeconomic
Percentage
OOP in total health expenditure
Admissionofrate
Constantrate
Admission
Constant
Wald χ2(10)=10.42, Prob>χ2(10)=0.0153.
OOP,
out-of-pocket.
2

−0.007
−0.016
1.494
−0.016
1.494

P>z
Percentile (95% CI)
Bootstrap
std.
err.
P>z
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CI)
0.002
0.005 −0.007
−0.002
0.003
0.035
−0.001
0.002
0.005 −0.013
−0.007
−0.002
0.003
0.035 −0.030
−0.013
−0.001
0.007
0.013
−0.004
0.213
<0.001
1.947
0.007
0.013 1.154
−0.030
−0.004
0.213
<0.001 1.154
1.947

2

Wald χ (10)=10.42, Prob>χ (10)=0.0153.
OOP, out-of-pocket.
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Chapter 4 Health system productivity in China

Abstract
In 2009, China launched an ambitious health system reform that combined extending social
healthinsurance scheme with improving efficiency, access and quality of care in the country.
To assessthe impact of the policy on efficiency and productivity change, we investigated the
country’s healthsystem performance at provincial levels during pre- and post-reform period.
Outputs were measured using multiple health outcomes (namely, non-communicable diseases
free healthy life years and infant and maternal survival rates), while health expenditure,
number of medical personnel and hospital beds per 1000 residents were used as proxy
measures for health inputs. Changes in productivity were quantified using a bootstrap
Malmquist productivity index (MPI). The analysis focused on the period between 2004 and
2015. This was to capture pre- and post-policy implementation experience and to ensure that
enough time was allowed for the policy to work through. Finally, a bootstrap Tobit regression
model for panel data was applied to examine the potential effects of contextual factors on
productivity change. The result showed that the reform has had negative effects on
productivity. Only scale efficiency had improved steadily, but the decline in the scale of
technological change observed during the same period meant that the progress in scale
efficiency had been masked. Better economic performanceand higher human resource to
capital investment ratio (as measured by density of medical staff per hospital beds) tended to
boost productivity growth, while population ageing, low educational attainment and
higher percentage of out-of-pocket (OOP) payments had adverse effects. Improving health
system productivity in China requires improving financial risk protection and maintaining
proper balance between human and capital investment in the country.

4.1 Introduction
Improvements in productivity and efficient use of resource are vital for improving health
system performance and achieving health system goals. Without sustained improvement in
health system efficiency, countries will fail to meet their health-related goals and reap health
dividends for national development and prosperity. Health systems efficiency assessment
enables health planners and decision-makers to identify bottlenecks and take appropriate
actions that are consistent with their stated goals. It is estimated that 20% to 40% of global
health expenditure could be saved without reducing global health outcomes (World Health
Organization 2010). The magnitude is particularly significant given the limited financial
resources available for health in many countries.
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In China, reform has been a powerful tool for improving the function and performance of its
health system over the past decades. Recent healthcare reforms in China have drawn global
attention, given the sheer size of the country and the resources involved in the sector. Since
the transition from a planned economy to a socialist market economy in 1978, China has
witnessed two major rounds of health system reforms. The first phase began in 1984 when
China turned its health system on its head to dramatic free-market reforms. This reduced the
government’s role in economic and social sectors and led to significant reductions in
government funding for health. The resulting effect of this was that allocated funds fell short
of what was required by health providers to provide adequate level of service for their
population. As part of the new reform agenda, the government set prices that were above
break-even point for new and high-technology diagnostic services and allowed providers to
impose a 15% profit margin for drugs as a mechanism to subsidise the shortfall in government
funding that followed the reform (Daemmrich 2013). Jurisdictions were also encouraged to
raise revenues and allowed to retain their surplus to pay bonuses for their staff (Ma et al. 2008;
Wang & Wang 2007). In addition, private for-profit hospitals were allowed to practice, and
meanwhile some government owned hospitals were transferred to private ownership (Ryan
2010). However, the compound effect of the policies led to some undesirable consequences.
For one, health providers and health care professionals dramatically increased the use of drugs
and advanced technical services even when they were not medically justified, driving up
health care costs, compromising quality, and reducing access for uninsured population
(Blumenthal & Hsiao 2015). To address these issues, a second phase of reform was
introduced in 2003. The key aspects of this new initiative was the launch of the country’s
rural new cooperative medical scheme (NCMS), the urban resident basic medical insurance
scheme (URBMI), which respectively exapnded financial protection to rural residents and
urban residents who were not eligible for urban employee basic medical insurance scheme
(UEBMI). Yet, the 2003 reform failed to address the problamtic legacies of the previous
pricing schedule and fee for service payment method, among others.
A third round of healthcare system reform was introduced in 2009 (Yip & Hsiao 2015). The
new reform primarily focused on addressing the limited access to health care that was due to
high medical costs and eventually building up a universal healthcare system by 2020. It
identified five priority areas: expanding coverage of health insurance in both urban and rural
areas; establishing an essential drug system; improving the capacity of primary healthcare
network; promoting equitable access to public health services; and pushing reforms in public
ϱϲ
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hospitals. To guarantee the achievement of set targets, in the first three years of the initiative
alone, the government invested 230 billion USD (Wu et al. 2011), about half of which was
used to increase the number of people covered through social health insurances and improve
benefits, while the remaining total was invested to strengthen primary care delivery systems
and make a defined package of essential public health services (EPHP) available through
them. The EPHP included immunisations, health promotion and health education, prenatal
and well-child care, safe motherhood, health check-ups for the elderly, and detection and
management of a set of priority infectious (i.e., tuberculosis) and non-communicable diseases
(NCDs) (i.e., hypertension and diabetes).
The reforms provide learning opportunities, both positive and negative, for China as well as
other countries, which strive to emulate China’s experience in improving universal coverage
and containing costs in the midst of mounting challenges of population ageing and prevalence
of NCDs, which are also issues of global importance. Additionally, the lessons learnt and the
experiences gained could also help China improve its future health policies, in particular the
implementation of the Healthy China 2030 Plan. As a first national strategic plan for the
health sector in the next decade, the Healthy China 2030 Plan aims to achieve series of targets
by 2020 and 2030, including those that focus on reducing premature mortality from NCDs
and improving maternal and child health in the country (Fu et al. 2018).
The Chinese health system currently is made up of a hybrid system, whereby both private and
public delivery of health services and health care payment systems co-exist. This structure is
similar among provinces, which entails the comparability at the levels of provincial health
system. There is increasing international interest in assessing performance across and within
national health systems. Perhaps the most ambitious and comprehensive multi-country study
on health system efficiency was that carried out by the World Health Organization (Murray &
Frenk 2001), according to which, China ranked 144th among 191 member countries in 2000.
However, much has changed since then. For example, it is far from certain whether the health
system in China is performing productively or not and whether is organised in a way that
enables the country to achieve its ambitious goals, especially after the massive healthcare
reform in 2009. Most of the literature on productivity in China focus on individual institutions
and do not capture the productivity of the entire health system accurately or effectively (Cylus
et al. 2017). Few studies that attempted to study the subject at the system-wide level,
considered only health activity (such as length of stay, total number of visits and total number
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of admissions) as output variables (An & Yong 2012; Wu et al. 2015; Zhang et al. 2017;
Zhang et al. 2015b), which deviated from mainstream approaches taking account of
effectiveness and quality of health activities (Anthun et al. 2017; Halsteinli et al. 2010). The
studies that focus on activities as outputs are restrictive, biased and less useful for decision
making in countries like China. This is because as a result of distorted incentive mechanisms
inherent in the system health providers often tend to over treat patients, overuse drugs, tests
and treatment options. An activity based system also causes burnout of medical staff, lead to
neglects of service quality and makes patients feel dissatisfied, which in turn lead to increased
patient-doctor disputes (He & Qian 2016; Yip & Hsiao 2009). Moreover, an activity-based
measurement does not very well match with the Healthy China 2030 Plan which aims at
shifting the focus away from production of treatments to achieving value for money and
producing better health outcome for the population (World Bank 2016).
There have been a few other studies in China that had used health outcomes, such as maternal
mortality rate (MMR) or infant mortality rate (IMR) in productivity assessment (Xiao et al.
2014a). However, by focusing solely on a single indicator these studies fail to capture the
broader role that the health system plays in the prevention and control of NCDs or others. The
objectives of this study is, therefore, to examine health system productivity pre- and post2009 healthcare reform at provincial levels, from a system-wide perspective with a focus on
child health, maternal health and NCDs related health issues. The paper also aims to identify
the contextual factors impacting productivity and propose policy suggestions within the
context of the 2030 Healthy China agenda.

4.2 Methods
4.2.1 Data and data sources
Productivity is defined as the ratio of the volume of an output (or set of outputs) to the
volume of inputs. It measures how efficiently inputs are being transformed into outputs in a
production process. In our study, inputs and outputs were selected based on previous
theoretical and empirical work (Anthun et al. 2017; Varabyova & Müller 2016) as well as
availability of required data in China. We adopted provinces as our study units, also known as
decision making units (DMUs) because in the Chinese context provincial health
administrations oversee regional health systems and make decision on deployment of health
resources or inputs at their disposal. These inputs included total health expenditure (THE) per
capita in constant price, number of medical personnel and number of hospital beds per 1000
ϱϴ
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residents. Specifically, medical professional category included physicians (namely general
practitioners and specialists), but it did not include nurses, pharmacists or other medical staff.
It is recognised that measures such as number of all equivalent full-time staff may be a better
indicator of availability of human resources for health, but unfortunately such data are not
available. Hospital bed which includes hospital bed resource in all kinds of health providers in
the study province was used as a proxy for capital investment. THE per capita is the sum of
public (e.g., government budgets and health insurance) and private health expenditure (e.g.,
out-of-pocket payment (OOP)) as a ratio of total population. THE was adjusted by GDP
deflator to ensure its comparison across time.
Health system’s outputs were approximated using three measures: IMR, MMR, and morbidity
and premature mortality from NCDs. There is no other study in any part of the world that has
captured health outcomes in the way we did. Ours is broad and captures all major population
segments (children, mothers and adults). Most existing studies are based on a single outcome
or population group. The output indicators were selected for several reasons. First, despite
significant progress, they remain major public health issues and concerns in China. NCDs are
responsible for 87% of total deaths (Zhou et al. 2016b) and in several provinces child and
maternal health issues still remain a cause of concern for the nation. Second, all three
indicators are priority areas in the Healthy China 2030 Plan and can benefit from effective
health systems. Two-thirds of the avoidable maternal and infant mortalities were attributed to
health worker-related factors in low resource settings, and 10.2% were attributed to poor
supply factors (Merali et al. 2014). The main causes of maternal mortality are all amenable to
interventions in health systems and are highly relevant in China (Feng et al. 2010; Yang et al.
2014). In addition, one third of NCDs premature mortality by 2030 in China can be reduced if
certain targets for risk factor interventions are achieved and more effort is committed (Li et al.
2017b).
To ensure that more is better, all output variables had been translated to positive measures.
Specifically, we have converted IMR into infant survival rates (ISR, where ISR = 1,000-IMR),
and MMR into maternal survival rates (MSR, where MSR= 100,000-MMR). Similarly,
morbidity and premature mortality from NCDs had been converted into healthy life years
(HLY_NCDs), and in doing so we only took mortality and morbidity caused by NCDs in our
calculation of healthy life years. The concept of healthy life years which incorporated both
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2004
Mean
Max
Min
2005
Mean
Max
Min
2006
Mean
Max
Min
2007
Mean
Max
Min
2008
Mean
Max
Min
2009
Mean
Max

1.72
4.20
0.96

1.72
4.28
1.01

1.75
4.40
1.05

1.74
4.55
0.95

1.78
4.79
0.96

1.95
5.04

604.69
2392.92
230.45

698.74
2723.45
283.08

759.18
2927.91
299.46

862.72
2814.47
362.24

986.41
3348.70
408.98

1200.94
3362.45

3.59
7.22

3.36
7.00
2.06

3.14
6.96
1.99

3.04
6.81
1.69

2.76
6.39
1.51

2.71
6.30
1.52

991.69
996.56

990.40
996.36
975.36

989.54
996.16
972.85

988.32
996.21
975.71

987.27
996.28
970.89

986.17
996.25
967.83

ISR
/1,000
live births

Hospital
Eeds
/1000
residents

Health
expenditure
Ser capita
(CNY)

Medical
Sersonnel
/1000
residents

Outputs

Inputs

99971.16
99994.80

99967.89
99993.43
99766.04

99960.13
99992.14
99734.62

99956.65
99993.36
99755.90

99950.46
99998.62
99709.65

99945.0
99989.21
99689.57

MSR
/100,000
live births

Table 4.1 Summary of statistics of the variables over 2004-15
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75.83
82.00

75.60
81.74
70.19

75.30
81.38
69.90

74.92
80.96
69.54

74.39
80.41
68.95

74.06
80.06
68.57

HLY
_NCDs
(years)

23816.63
63138.80

21655.51
60389.40
7381.30

19648.25
57462.90
6546.74

17211.60
54452.90
5132.40

15504.20
49922.50
4716.96

14025.94
46338.00
4317.00

Per capita
GDP (CNY)

12.84
18.00

12.77
17.30
9.20

12.57
18.30
8.90

12.42
18.60
8.50

12.24
16.20
8.60

11.64
20.30
8.30

Old
dependence
Uatio (%)

Environmental factors

8.58
11.36

8.65
12.41
4.56

8.58
11.23
4.59

8.74
12.21
6.92

8.53
11.46
3.75

8.63
10.8
5.56

Education
level
(years)

37.13
47.26

40.11
55.55
10.67

43.37
57.79
11.21

47.47
64.28
12.20

49.82
64.99
13.27

49.74
66.98
14.43

OOP in
THE
(%)

0.54
0.79

0.52
0.69
0.44

0.55
0.66
0.47

0.58
0.72
0.49

0.63
0.79
0.55

0.63
0.82
0.56

Ratio of
staff to
bed
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Min
2010
Mean
Max
Min
2011
Mean
Max
Min
2012
Mean
Max
Min
2013
Mean
Max
Min
2014
Mean
Max
Min
2015
Mean
Max
Min

1.01

1.99
5.24
1.04

2.01
5.45
1.07

1.98
3.59
1.31

2.22
5.85
1.31

2.15
3.72
1.60

2.25
3.90
1.70

588.65

1257.71
3375.22
682.16

1435.27
3693.83
764.79

1650.90
4295.48
880.9

1878.51
4603.40
961.13

2092.71
5362.33
1087.87

2444.85
6059.61
1229.39

5.13
6.37
4.02

4.58
6.06
3.53

4.58
6.06
3.53

4.25
5.89
2.72

4.06
7.55
2.77

3.83
7.44
2.51

2.39

994.69
997.77
984.00

994.50
997.67
983.19

993.93
997.48
980.03

993.49
997.38
975.16

992.86
997.26
977.93

992.23
996.46
979.66

978.85

99983.68
99997.70
99899.10

99982.28
99998.10
99891.10

99980.22
99998.10
99845.50

99979.34
99998.60
99823.90

99977.85
99998.80
99819.30

99974.19
99996.40
99825.20

99767.77
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77.25
82.93
71.86

76.93
82.62
71.43

76.87
82.67
71.50

76.67
82.59
71.33

76.40
82.42
71.02

76.03
82.22
70.64

70.60

40076.88
89687.93
17172.45

37433.18
83900.20
15573.30

34857.01
79151.90
14103.60

32092.84
74544.90
12596.30

29326.15
70503.90
11096.40

26552.12
67140.90
9555.42

8332.46

13.68
18.70
8.10

12.96
20.00
7.90

12.50
18.60
7.20

12.06
18.30
7.50

11.53
17.40
6.70

18.15
26.56
11.29

9.20

9.19
12.47
5.40

8.59
12.16
4.17

8.59
10.91
5.11

8.60
11.87
4.63

8.57
11.26
4.39

8.63
12.18
4.73

4.25

29.01
36.89
5.71

30.97
40.90
6.47

32.77
44.99
7.47

33.70
45.71
7.35

34.16
44.60
6.87

34.80
45.70
7.75

9.71

0.44
0.32
0.76

0.45
0.73
0.32

0.49
1.19
0.28

0.47
0.74
0.35

0.49
0.74
0.37

0.51
0.71
0.40

0.42
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mortality and morbidity was used here to depict a more comprehensive picture of
population’s health related to NCDs (Erickson et al. 1995; Hyder et al. 1998). The data are
listed in the Table 4.1.
We also considered a set of contextual factors that impact health system productivity,
including level of economic development (per capita GDP in constant price), old-age
dependence ratio, educational attainment (measured by average years of education), resource
allocation (ratio of medical staff to beds), and financial security (percentage of OOP payments
in THE) (Table 4.1). Old-age dependence ratio is the ratio between the number of persons
aged 65 and over (age when they are generally economically inactive) and the number of
persons aged between 15 and 64. All of them were measured in rates, ratios and mean values.
Moreover, a dummy variable was used to represent reform effect of the new healthcare
reform in 2009 in the analysis. As stated earlier provinces serve as one of the main DMUs in
China’s health system. Hence, output and input indicators as well as the data on contextual
factors were measured at a provincial level.
Multiple data sources were employed in our analysis. MMR, density of medical personnel and
hospital beds were collected from Health and Family Planning Statistical Yearbook (National
Health and Family Planning Commission 2016); IMR was obtained from Maternal and Child
Annual Health Report from National Health Commission; THE per capita and the percentage
of OOP in THE were from China National Health Accounts Report (China National Health
Development Research Center 2017); NCDs mortality and morbidity data were compiled
from disease burden project from Chinese Center for Disease Control and Prevention. The
data on per capita GDP, old-age dependency ratio and educational attainment were collected
from China Statistical Yearbook (National Bureau of Statistics 2017).
4.2.2 Analysis
Productivity measurement is an important research topic in efficiency analysis. The
Malmquist productivity index (MPI), which belongs within the nonparametric Data
Envelopment Analysis (DEA) framework, is a useful tool for productivity measurement (Färe
et al. 1994). DEA identifies an efficiency frontier on which only the efficient DMUs are
placed by using linear programming techniques. The main advantage of MPI lies in its ability
to handle multiple inputs and outputs in an analysis (Charnes et al. 1978; Cooper et al. 2000;
Seiford & Thrall 1990). In addition, it requires no assumption on functional forms of heath
production such as those needed in stochastic frontier analysis (SFA) (Aigner et al. 1977).
ϲϮ
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MPI can be calculated using base or end-period technology, and usually can be defined as a
geometric mean of the two indices as below to avoid the need to choose arbitrarily base
technology from two periods:


୲
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ǡ ݕ ሻ
୲ାଵ
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௧
where ୲ାଵ
 denotes a distance function with output-orientation in period t+1, ݔ and

ݔ௧ାଵ denotes input vectors in period t and t+1, ݕ௧ and ݕ௧ାଵ denotes output vectors in period t

and t+1.

The decomposition of MPI into its components depend on the assumptions on technology use
(i.e. whether it follows a constant or increasing returns to scale) (see Lovell’s paper and
Zofio’s paper (Lovell 2003; Zofio 2007) for details). For example, Färe et al. decompose the
MPI into changes that are due to efficiency change (EC) and potentially technical change
(TC), based on a benchmark technology which assumes constant return to scales (CRS). EC
can be further decomposed into technical efficiency change (TEC) and scale efficiency
change (SEC). This approach requires a variable return to scales (VRS) assumption. Ray and
Desli explicitly handle changes that are due to return to scale (RTS), which allowed them to
decompose the changes in MPI into TC, TEC and changes those are due to RTS. Simar and
Wilson and Zofio and Lovell developed a unifying framework for MPI decompositions (Zofio
2007) further incorporating a ‘scale-bias-of technology’ (STC) component. This improved
model decomposes MPI into four parts: TC, TEC, SEC and STC. The approach evaluates
productivity change between two time periods for a given production unit (or DMU), through
calculating the ratio of the distance function for each period relative to a common technology.
This is the approach employed in the current study.
Following Simar and Wilson and Zofio and Lovell (Zofio 2007), the approach can be
expressed algebraically as follows:
ଵ

୲ାଵ ୲ାଵ ଶ
 ୲ ሺ ୲ାଵ ǡ  ୲ାଵ ሻ 
 ௧ାଵ

 ሺ୧ ǡ ୧ ሻ
ଵǡଶ ଵ ଵ ଶ ଶ
ෲ
ሺ୧ ǡ ୧ ǡ ୧ ǡ ୧ ሻ ൌ ቈ  ୲ ୧ ୲ ୧୲

ൈ

୲ ୲
  ሺ୧ ǡ ୧ ሻ
 ୲ାଵ


 ሺ୧ ǡ ୧ ሻ

ϲϯ

Chapter 4 Health system productivity in China

౪శభ
ୈ౪ో ሺ୶౪శభ
 ǡ୷ ሻ

=ୈ౪శభ

౪శభ ౪శభ
ో ሺ୶ ǡ୷ ሻ

భ

ୈ౪ో ሺ୶౪ ǡ୷౪ ሻ మ

ൈ ୈ౪శభ

൨ ൈ

౪ ౪
ో ሺ୶ ǡ୷ ሻ

 ౪ ሺ୶౪ ǡ୷౪ ሻȀୈ౪ ሺ୶౪ ǡ୷౪ ሻ
ୈ

౪శభ ౪శభ
ୈశభ
ో ሺ୶ ǡ୷ ሻ

ୈ౪ో ሺ୶౪ ǡ୷౪ ሻ

ൈ

౪శభ ౪శభ
౪శభ ౪శభ ౪శభ
 ౪శభ
ୈ
ో ሺ୶ ǡ୷ ሻൗୈో ሺ୶ ǡ୷ ሻ
ൈ
 ౪ో ሺ୶౪ ǡ୷౪ ሻȀୈ౪ో ሺ୶౪ ǡ୷౪ ሻ
ୈ

 ౪ ሺ୶౪శభ ǡ୷౪శభ ሻȀୈ౪ ሺ୶౪శభ ǡ୷౪శభ ሻ
ୈ



భ







ో  
ో  
ో 



ൈ ୈ౪శభోሺ୶౪శభ
ሿమ
ሾୈ౪శభ ሺ୶౪శభ
ǡ୷౪శభ ሻൗୈ౪శభ ሺ୶౪శభ ǡ୷౪శభ ሻ
ǡ୷౪శభ ሻൗୈ౪శభ ሺ୶౪శభ ǡ୷౪శభ ሻ
ో





ో





ో





ో





=୲ǡ୲ାଵ ሺ୧୲ ǡ ୧୲ ǡ ୧୲ାଵ ǡ ୧୲ାଵ ሻ ൈ ୲ǡ୲ାଵ ሺ୧୲ ǡ ୧୲ ǡ ୧୲ାଵ ǡ ୧୲ାଵ ሻ ൈ ୲ǡ୲ାଵ ሺ୧୲ ǡ ୧୲ ǡ ୧୲ାଵ ǡ ୧୲ାଵ ሻ ൈ

୲ǡ୲ାଵ ሺ୧୲ ǡ ୧୲ ǡ ୧୲ାଵ ǡ ୧୲ାଵ ሻ

ෲ


     .

The decomposition approach described above has meaningful interpretation within the theory
of production and in combination captures all aspects of productivity change e.g., productivity
change at optimal scale, efficiency change as well as RTS within a given system. It is to be
noted that if the MPI or any of its components is greater (less) than one, it denotes
improvement (deterioration) in performance over scrutiny time.
Given that the true production frontiers are unknown and that the DEA-based MPI is also
subject to bias resulting from finite samples, a bootstrap procedure had been applied to
estimate a bias-corrected MPI values in our analysis. These were specifically constructed
from nonparametric distance functions using data from time periods, as proposed by Simar
and Wilson (Simar & Wilson 1999). Moreover, given the fact that health system inputs are
usually considered as fixed in the short run an output-oriented model had been adopted. To
understand the factors that are behind the variation in productivity changes, a Tobit regression
model with 1000 replication using bootstraps was employed. We resorted to Tobit regression
instead of ordinary least squares (OLS) estimates, because MPI and its components are
greater than zero. The application of OLS on censored data may produce biased results. All
factors were measured with current values, not accounting for any time lag effect. We
conducted the MPI analysis using MaxDEA Ultra 7.0.0 software with 2000 bootstraps
(Beijing Realword Software Company Ltd 2009). Stata V. 13.0 was used for data processing
and other analysis.

4.3 Results
4.3.1 Description of health input and outputs over 2004-2015
As shown in Table 4.1, on average THE per capita increased from 604.69 Chinese Yuan
(CNY) in 2004 to 2444.85 CNY in 2015 at 2004 constant price, with annual growth rate of
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18.71%. The national average medical personnel density and hospital bed density increased
from 1.72 and 2.71 in 2008 to 2.25 and 5.13 in 2015, with annual growth rate of 2.47% and
5.97% respectively. At the same time, health outcome had improved smoothly, for example,
HLY_NCDs had increased by 3.19 years, from 74.06 years in 2004 to 77.25 years in 2015.
However, at the subnational level, the picture is diverse. In 2004, medical professional
density and hospital bed density in resource intensive provinces was 4 times more than that
in least intensive provinces, while the gap in health expenditure per capita for some
earlier years (2009) was as high as 9-fold. Although these differences had narrowed over
the years, there was still huge provincial variation in 2015, the latest year for which
data was available. HLY_NCDs varied from 68.57 years to 80.06 years in 2008, and
the gap had slightly decreased to 11.07 years in 2015.
Figure 4.1 further shows the association between inputs and health outcomes at a provincial
level that is quite heterogeneous over time. Generally, as health expenditure increased, ISR
had improved dramatically but was more so in earlier period (i.e., the year 2004) than in later
years (2008 and 2012) and in fact turned to almost a negative relationship in 2015. This trend
also holds for the association between ISR and the density of medical personnel and hospital
bed. The relationship between MSR and the three health inputs depicted in the second panel
in Figure 4.1 shows a similar pattern in which the slight positive relationship that was
observed in the early years quickly disappeared as the years went by. However, increased
health expenditure, medical personnel, and hospital beds had a clear and positive impact on
HLY_NCDs even into 2015. These differences in the nature of association between health
inputs and health outcomes across provinces suggest that increasing health investment may
lead to more health benefits but only if health resources can be allocated in accordance with
health needs.
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Figure 4.1 The association between health inputs and outcomes in selected years
4.3.2 Health system productivity change and its component
Table 4.2 presents the measures of overall productivity change and its components from 2004
to 2015. As indicated by the bias-corrected MPI score and its components, the average
productivity index was 0.9403, reflecting a decline in total productivity over time. While
productivity had fluctuated over the years, on average the overall MPI during the pre-2009
health reform period was 0.9514, which was slightly higher than the average for the postreform years. Although a slight improvement can be seen for the most recent period, 2014 to
2015, since 2009 overall MPI level oscillated between 0.9007 and 0.9479. From 2004 to 2015,
health system productivity had declined at an average rate of 5.97% annually. Given these,
the overall picture seems to point out that health systems at provincial levels had witnessed
decreasing productivity over the long term and gotten worse after the introduction of the new
healthcare reform in 2009.
The decomposition of MPI indicates that the deterioration had mainly originated from a
decline in RTS (which amounted to a rate of 5.30% annually on average), along with a slight
technological regress which stood at a loss of 0.03% annually. Further decomposition
exercise confirmed that the observed change in RTS was fostered by deterioration in the STC
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(at a rate of 7.82% annually), which significantly overshadowed the 2.73% per year increase
registered with respect to scale efficiency (SE). TEC had remained consistently at a high level.
Table 4.2 Overall bias-corrected measures of productivity changes and its components from
2004 to 2015
Year
MPI
Pre-new healthcare reform
2004-2005
0.9562
2005-2006
0.9507
2006-2007
0.9673
2007-2008
0.9317
Mean (2004-2008)
0.9514
Post-new healthcare reform
2008-2009
0.9007
2009-2010
0.9479
2010-2011
0.9427
2011-2012
0.9402
2012-2013
0.9355
2013-2014
0.9336
2014-2015
0.9383
Mean(2008-2015)
0.9340
Mean (2004-2015)
0.9403
Annual growth
(-5.97%)

TC

TEC

RTS

SEC

STC

0.9999
0.9998
1.0001
0.9987
0.9996

1.0000
1.0000
1.0000
1.0000
1.0000

0.9775
0.9652
0.9859
0.9371
0.9662

1.0286
1.0047
1.0492
0.9652
1.0115

0.9504
0.9606
0.9396
0.9708
0.9553

0.9993
0.9994
1.0000
0.9999
0.9996
1.0001
0.9997
0.9997
0.9997
(-0.03%)

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
(0.00%)

0.9250
0.9417
0.9379
0.9334
0.9385
0.9345
0.9427
0.9362
0.9470
(-5.30%)

1.0751
0.9971
1.0220
1.1200
1.0174
1.0204
1.0091
1.0365
1.0273
(2.73%)

0.8604
0.9444
0.9178
0.8334
0.9225
0.9158
0.9342
0.9032
0.9218
(-7.82%)

MPI, Malmquist productivity index; TC, technical change; TEC, technical efficiency change; RTS: returns to scale; SEC,
scale efficiency change; STC, scale of the technical change. The mean values were estimated with geometric mean over time.
All measured were calculated with MaxDEA Ultra 7.0.0 software with 2000 bootstraps.

Table 4.3 shows the variation in productivity change and its components across provinces.
Only 3 provinces exhibited positive changes in productivity during 2004 to 2015. Among
them, Beijing registered the biggest annual improvement in MPI of 2.09%, followed by
Shanghai (2.07%) and Tianjin (0.63%); all of which are provinces of China known for their
high economic development and social settings. The productivity gain in the three provinces
was fostered by change in RTS, or to be exact by improvements in SE specifically, with
annual growth rate in the three provinces ranging from 8.61% in Tianjin to 10.68% in Beijing.
The remaining 28 provinces witnessed negative productivity growth or a regression in their
productivity that ranged from -11.10% in Guizhou to -3.94% in Liaoning province. Among
them, except Anhui, Henan and Chongqing, they all benefited from positive SEC, but the
gains from SEC failed to offset the huge decline in STC observed in these provinces. For
example, despite an annual increase of 4.12% in SE the MPI for Liaoning was still below
unity (0.9606), a performance mainly caused by the reduction in STC with an annual decline
of 7.02%.
Table 4.3 Bias-corrected measures of productivity changes and its components by provinces
from 2004 to 2015
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Province

MPI

TEC

TC

RTS

SEC

STC

Beijing
Tianjin
Hebei
Shanxi
Inner Mongolia
Liaoning
Jilin
Heilongjiang
Shanghai
Jiangsu
Zhejiang
Anhui
Fujian
Jiangxi
Shandong
Henan
Hubei
Hunan
Guangdong
Guangxi
Hainan
Chongqing
Sichuan
Guizhou
Yunnan
Tibet
Shaanxi
Gansu
Qinghai
Ningxia
Xinjiang

1.0209
1.0063
0.9261
0.9123
0.9303
0.9606
0.9380
0.9504
1.0207
0.9460
0.9512
0.9380
0.9491
0.9164
0.9328
0.9181
0.9066
0.9183
0.9553
0.9148
0.9392
0.9306
0.9242
0.8890
0.9493
0.9526
0.9413
0.9235
0.9207
0.9340
0.9462

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0002
1.0000
1.0000
1.0001
1.0000
1.0001

1.0006
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0016
0.9985
0.9992
0.9994
0.9990
0.9986
1.0000
0.9996
0.9996
0.9994
1.0009
0.9968
0.9982
0.9996
1.0000
1.0003
0.9996
0.9998
1.0000
1.0000
1.0000
1.0000
1.0000

1.0206
1.0060
0.9377
0.9323
0.9369
0.9681
0.9496
0.9530
1.0192
0.9441
0.9520
0.9341
0.9505
0.9315
0.9377
0.9277
0.9161
0.9244
0.9541
0.9278
0.9493
0.9258
0.9247
0.9016
0.9525
0.9537
0.9501
0.9423
0.9377
0.9444
0.9634

1.1068
1.0861
1.0209
1.0486
1.0244
1.0412
1.0414
1.0273
1.0866
1.0140
1.0298
0.9995
1.0179
1.0115
1.0145
0.9959
1.0037
1.0103
1.0328
1.0078
1.0256
0.9989
1.0038
1.0000
1.0230
1.0338
1.0264
1.0181
1.0263
1.0341
1.0462

0.9221
0.9262
0.9185
0.8891
0.9145
0.9298
0.9119
0.9276
0.9380
0.9311
0.9244
0.9346
0.9337
0.9209
0.9243
0.9316
0.9128
0.9149
0.9238
0.9206
0.9256
0.9268
0.9212
0.9016
0.9311
0.9226
0.9257
0.9256
0.9136
0.9132
0.9208

MPI, Malmquist productivity index; TC, technical change; TEC, technical efficiency change; RTS, returns to scale; SEC,
scale efficiency change; STC, scale of the technical change. The values were estimated with geometric mean over time. All
measured were calculated with MaxDEA Ultra 7.0.0 software with 2000 bootstraps.

Figure 4.2 presents MPI and SEC scores for the 31 provinces averaged over pre- and post2009 new healthcare reform era. There were 9 provinces above the equality line, which
suggests that their MPI in post-new healthcare reform era was greater than that of the prehealthcare reform period. This indicates these provinces became more productive since the
reform in 2009, although among them only Shanghai, Beijing and Tianjin had an MPI greater
than 1. The remaining 22 provinces fell below the equality line, indicating that their
productivity became worse following the reform. During the period before 2009, the SEC for
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21 of the 31 provinces was greater than unity, indicating an overall increase in SE at
provincial levels. Since 2009, 24 provinces were located above the equality line suggesting an
increase in the level of average SE compared to the period prior to reform. Among them,
Shanghai, Beijing and Tianjin had once again exhibited a SEC score well over unity.
However, there were 7 provinces which suffered deterioration in SEC score. It is observed
that provinces with less health resources (measured here by THE per capita), such as Guizhou,
Hubei and Jiangxi, did not make as much progress in productivity as their counterparts with
similar health resources like Gansu and Hebei. Provinces with less health resources such as
Henan, Guizhou and Chongqing also did not seize the opportunity in improving SE as much
as counterparts like Hebei, Gansu and Jiangxi.

Figure 4.2 MPI and SEC pre-andpost healthcare reform
4.3.3 Contextual factors of productivity change
A bootstrapping Tobit regression analysis (see Table 4.4) suggests that the introduction of the
new healthcare reform in 2009 represented by reform effect had negative effects on MPI and
STC (the two dominant components of MPI in our analysis), but a positive effect on SEC. On
the other hand, level of economic development had positive effects on all three measures:
MPI, SEC and STC. Population ageing and educational attainment had negative effects on
MPI and SEC, but positive effects on STC. The percentage of OOP in THE showed negative
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effects on MPI and its two components, while ratio of staff to bed showed positive effects on
MPI and SEC, but negative effects on STC.
Table 4.4 Tobit regression analysis results

Ln(Per capita GDP)
Old-age dependence ratio
Average years of education
Percentage of OOP in THE
Medical staff to bed ratio
Reform effect
Constant

MPI
Observed
Coef
0.0376***
-0.0009
-0.0009
-0.0008**
0.0736**
-0.0393***
0.6057***

SEC
Observed
Coef.
0.0211**
-0.0049
-0.0018***
-0.0002
0.1103***
0.0272***
0.8313***

Bootstrapped
Std.Err
0.0081
0.0013
0.0020
0.0003
0.0358
0.0061
0.0813

Bootstrapped
Std.Err
0.0105
0.0013
0.0021
0.0004
0.0384
0.0082
0.0938

STC
Observed
Coef.
0.0095**
0.0020***
0.0006
-0.0003*
-0.0123
-0.0650***
0.8588***

Bootstrapped
Std.Err
0.0040
0.0004
0.0017
0.0002
0.0246
0.0073
0.0376

MPI, Malmquist productivity index; SEC, scale efficiency change; STC, scale of the technical change. Triple asterisk (***)
denotes 1% level of significance. Double asterisk (**) denotes 5% level of significance. One asterisk (*) denotes 10% level
of significance.

4.4 Discussion
This study examined trends in health system productivity before and after 2009, the year in
which China had introduced a fundamental healthcare reform, to investigate whether the
reform has led to improved health system performance and if so, whether all provinces have
benefited from the reform or that the effects were non-inclusive and restricted to some
provinces. We used a bootstrapping MPI method to measure and evaluate productivity change
and its components. We also applied a bootstrapping Tobit model to analyse factors
underlying productivity change during the analysis period, 2004-2015.
Our results suggest that overall productivity had slowed after the introduction of the new
healthcare reform in 2009. Moreover, the trend was quite heterogeneous across provinces.
While Beijing, Shanghai and Tianjin made a breakthrough in improving productivity,
achieving an average growth rate of 2.09%, 2.07% and 0.63%, respectively, most provinces
had experienced productivity decline. A total of 9 provinces became more productive than
they were before the reform, including the three that are just mentioned, while 22 provinces
encountered further deterioration. Nevertheless, of even greater concern was that lessdeveloped provinces with poor health outcomes as well as low level of health resources, such
as Guizhou, Hubei and Jiangxi, suffered even greater productivity losses after the new reform.
To sum up, the health system at provincial levels suffered decreasing productivity over the
past one and half decade, and even worse after the introduction of the new healthcare reform
in 2009. The decomposition of MPI indicates that the decline was mainly caused by
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decreasing RTS, or precisely by the massive decrease in scale of technology (i.e., an annual
decrease rate of 7.82%), which offset the improvement in SE (i.e., an annual growth rate of
2.73%) observed over the study period. However, technology and pure technical efficiency
remained at a relatively stable level and had a neutral impact on productivity change at the
same period. This also holds for the majority of the 31 provinces in the country, with the
exception of Anhui, Hubei and Chongqing. Contrary to pre-new healthcare reform, the
change in scale of technology became more negative, declining from -4.47% to -9.68%.
However, SE improvement accelerated since 2009, with the annual average growth rate rising
from 1.15% to 3.65%. Most provinces managed to achieve SE growth and this helped to
alleviate the adverse impact caused by decreasing scale of technology on productivity.
Our findings are consistent with evidence reported elsewhere that have shown similar
findings regarding health system productivity trend. For example, Hollingsworth and
Wildman found that there was a productivity decline in 140 WHO countries during 1993 to
1997, mainly attributed to deceleration in technological change which greatly offset the
improvement in efficiency over time (Hollingsworth & Wildman 2003). Keng and Li also
found that the productivity of world health system in producing health had declined between
1993 and 1997. They reported that decreases in efficiency and diminishing RTS offset more
than the positive contribution of technical change to productivity (Keng & Li 2010). In
another related study, Hsu reported a similar negative change in productivity for 46 European
and Central Asian countries between 2005 and 2007. Hsu mainly attributed the decline to
negative rates of technical change (Hsu 2013). In another study Lee reported that the negative
productivity growth observed in the post-2000 period in OECD countries was driven largely
by technological regress (Lee 2008). A study by Ng on productive efficiency of Chinese
health care systems at provincial levels found out that China’s healthcare systems suffered
from productivity deterioration between 2002 and 2005, which was again dominantly shaped
by technological regress (Ng 2008).
Notably, our study reveals the coexistence of a high rate of negative change in scale of
technology and a stable and positive technology change as depicted by TC. Taken together,
these findings are indicative of the difficulty in exploiting new health technologies, especially
cost-effective technologies, which can be attributed to several potential reasons. First, the
diffusion of technologies can be influenced by the propensity of physicians or hospitals to
adopt the new innovations (Skinner & Staiger 2015), as well as by the actions of
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policymakers who regulate the manufacturing, importation and use of high-technology
equipment (He et al. 2013). For example, over the years the Chinese government had
tightened the utilisation and allocation of large-scale medical equipment in response to the
heavy investment in high-technology medical equipment and problems of medical arm race
between medical institutions. The Chinese central government regulation known as
“Management Method of Utilisation and Allocation of Large-scale Medical Equipment”
introduced in 2004, required all public medical institutions to apply and been granted a
“practice license of medical facilities” before purchasing any equipment. These indicate it
will be a long and gradual process for translation of a big technological breakthrough into
productivity improvement, on account of substantial time delay in reorganising business
practices to take advantage of new interventions. Second, most new technologies which arose
in the second half of the twentieth century and known as ‘halfway technologies’ (Weisbrod
1991) do not prevent or cure diseases, but simply treat the symptoms or save life while not
improving health status. Health technology assessment (HTA) is a well-recognised strategy to
study the medical, economic, social and ethical implications of development, diffusion, and
use of health technology. However, HTA is not yet formally used in China, although it is a
hot topic. The absence of HTA to some extent hinders the adoption and diffusion of costeffective technologies in China.
The bootstrapping Tobit regression analysis showed that the introduction of the sector wide
reform in 2009 has led to improvements in SEC, but exerted negative effects on MPI and STC.
This may be justified, as health system requires sufficient time before new reforms start
showing impact resulting from increased investment (Wu et al. 2015). Several other findings
of the study are noteworthy. First, the percentage of OOP in THE had significantly negative
impact on SE and productivity, which is consistent with the findings of González that the
public share in health expenditures is positively associated with improved health system
performance (González et al. 2010). In recent years, the Chinese government has made
massive efforts to expand social health insurance coverage and increase government’s
investment. As a result, the percentage of OOP in THE had decreased significantly, from
53.64% in 2004 to 40.42% in 2008, and further down to 28.78% in 2016 (China National
Health Development Research Center 2017). A sound public financing arrangement entails
people having equal access to health services and improved utilisation of health resources,
which in turn tend to improve SE of the health system. SE and subsequently health system
productivity is believed to increase in China, if China can achieve the goal set in Healthy
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China 2030 Plan, that is a reduction in percentage of OOP in THE from 29% in 2015 to 25%
by 2030 (Fu et al. 2018). In addition, reasonable resources allocation indicated by ratio of
medical professional to hospital bed also impacted health system’s SE and productivity.
Because investment in the healthcare workforce especially in primary health care is the mosteffective way to improve equity in access to essential healthcare service (The Lancet 2018).
Currently, the Chinese health service delivery system is hospital-centred and fragmented, and
resources were concentrated at high level tertiary hospitals. A shift to the primary-centred and
integrated delivery system is supposed to be more responsive to the challenges of urbanisation,
industrialisation, population ageing, and NCDs (Yip & Hsiao 2014).
Our analysis is not without limitations. First, there are many potential factors that impact on
health and productivity of health system, but due to data limitation, we may not have captured
all important factors, like government administration, stewardship and leadership. Second,
this analysis only looked at health system productivity at provincial levels. However, given
variations within each province, further analysis focusing on the county level is also necessary.
Third, in the analysis the primary DMUs (i.e., provinces), are assumed to be independent with
each other, hence spatially-sensitive efficiency model, such as those developed for SFA
(Kinfu & Sawhney 2015), has not been considered.

4.5 Conclusion
Sustained increase in health expenditure is hard to achieve given constraints in public funds.
It is, therefore, imperative for nations like China to find ways to improve efficiency and
productivity in the health system to ensure that gains thus far achieved are not lost. The
productivity of China’s health system was relatively low and further deteriorated since the
introduction of the new healthcare reform. However, a promising pattern appears to emerge in
the most recent period where overall MPI had shown an upward trend. In addition, the steady
improvement in scale efficiency observed over the years represents further encouraging
evidence for the future. Efforts related to financial risk protection, perfecting resource
allocation and timely introduction (and expansion) of cost-effective technologies should allow
the country to improve its productivity, scale efficiency and scale of technology further. It is
also time for policymakers to formally develop and make good use of HTA to support public
investment decision-making in the health sector.
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Abstract
This article examines the health system performance impact of China’s new round of
healthcare reform adopted in 2009. Specifically, we evaluated productivity and efficiency of
health production pre and post reform period, compared the effects across all the 31 provinces
of mainland China and identified potential determinants. As a major source of disability and
premature mortality in China, non-communicable diseases (NCDs) had been the focus of our
analysis, and the period during 2008-2015 was considered to allow enough time for the policy
to have meaningful impact on the country’s health system. Productivity and efficiency
performance were analysed using a bootstrapping data envelopment analysis (DEA) and the
Malmquist productivity index (MPI) techniques, while a Tobit regression technique was used
to identify determinants of inefficiency. We find that after the reform, efficiency and
productivity had declined across a large number of provinces. Mean overall technical
efficiency (OTE) after 2009 was about 30% lower than the potential maximum capacity while
productivity also fell at a rate of 7.57% per annum. Trends in productivity and efficiency were
largely linked to patterns of scale of technological change observed during the study period.
The findings suggest that efficiency and productivity can be improved through enhancing
financial security, optimising health resource allocation, particularly between human
resources for health and hospital beds, and expanding cost-effective technology within the
health sector. Better urban planning practices and investment in education were also found to
contribute to improved efficiency of NCDs services.

5.1 Introduction
Non-communicable diseases (NCDs) are a major public health challenge in most parts of the
world. In China, NCDs now account for 89% of all-cause mortality, 83% of total disease
burden and consume about 67% of all direct medical costs (Chai et al. 2015; Institute for
Health Metrics and Evaluation 2016). To address the challenges posed by NCDs, China has
implemented a series of strategies aimed at addressing the financial, technical and
administrative bottlenecks for NCDs prevention and treatment (Xiao et al. 2014b). On the
policy front, a new round of healthcare reform was launched in 2009. The new reform focused
on tackling high medical costs, efficiency of resource use and health care access issues, with
the goal of eventually building a universal healthcare system by 2020 (Yip & Hsiao 2015).
The reform strategy highlighted five priority areas: establishing an essential drug system,
improving capacities of primary healthcare network, promoting equitable access to public
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health services, and implementation of a reform trial in public hospitals. The government
allocated 230 billion USD during 2009-2011 (Wu et al. 2011), which was partially targeted
toward supporting a defined package of NCDs services including health literacy and health
promotion, health check-ups for the elderly, and detection and management of a set of priority
NCDs such as hypertension and diabetes.
Following Frieden’s approach we can hypothesise at least five routes through which
intervention on prevention and control of NCDs can be implemented. At a higher level of
intervention this can come through improving the socioeconomic factors that predispose
individuals to ill health. The second approach is through changing the context to make
individual’s default decision healthy (e.g., eliminating trans-fat), while long-lasting protective
interventions, clinical interventions, and counselling and education complete the hierarchy
(Frieden 2010). “Interventions at the top tiers are designed to help individuals rather than
entire populations, but they could theoretically have a large population impact if universally
and effectively applied. In practice, however, even the best programs at the pyramid's higher
levels achieve limited public health impact, largely because of their dependence on long-term
individual behaviour change.” The complexity of these relationships and the absence of
simultaneous action at all levels mean that health investment such as those undertaken by the
Chinese government may not necessarily be able to reap the full of benefit of health
improvement. A study by Feng and colleagues (Feng et al. 2016) revealed that there was no
clear evidence of an early impact of China’s new healthcare reform in 2009 on mortality of
medical services amenable (ischemic heart diseases and stroke) and non-amenable (pancreatic
cancer and oesophageal cancer) diseases between 2006 and 2012. Another cause of concern is
that despite a rapid increase in overall health expenditure since 2008 which averaged a rate of
12.2% per annum, a rate substantially higher than the growth in GDP (China National Health
Development Research Center 2017), there is no guarantee that this trend will continue into
future, especially given current global economic environment and the expected structural
transformation of China’s own economy that will come about with maturity (World Bank &
the Development Research Center of the State Council P. R. China 2013; World Bank Group
et al. 2016). The fact that the country’s 31 provinces are endowed with varying levels of
health and non-health resources also means that whatever is available for them is likely to be
used with a great deal of geospatial variation which may lead to variable efficiency levels of
the investment that goes to NCDs and other health services. Furthermore, even with the best
scenario an ageing population and the growing burden of chronic diseases means that public
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budget needs to be optimised even more to ensure that the country continues to enjoy the
health gains it enjoyed in previous decades.
The importance of improving the efficiency of China’s health system has been raised and
studied extensively, but existing studies have a number of limitations. First, most of the
related literature on health system performance in the country is devoted to assessments of
technical efficiency or productivity at the level of institutions, especially hospitals, which do
not adequately reflect the efficiency of the health system as a whole (Cylus et al. 2017).
Second, even when a system-wide approach has been implemented, the outputs used for
estimating productivity and efficiency performance were measured using health care activities
(e.g., outpatient visits and number of hospital admissions) (An & Yong 2012; Wu et al. 2015;
Zhang et al. 2017; Zhang et al. 2015b). An activity based analysis however has a number of
limitations, especially in countries like China where the existence of a distorted health pricing
and incentive system tend to encourage health providers to overuse drugs and over-prescribe
tests and treatment options. A focus on activities rather than outcome also leads to neglect of
service quality, increases patient-doctor disputes and causes medical staff burnout and patient
dissatisfaction (He & Qian 2016; Yip & Hsiao 2009). Moreover, an activity or process-based
measurement is also not in line with the Healthy China 2030 Plan, as this important national
medium and long term strategic plan is focused rather on achieving value for money and
producing better population health outcome than mere production of treatments (World Bank
2016). There were a few other studies that used alternative measures (such as life expectancy,
maternal mortality rate, and infant mortality rate) as their output of interest in China (Li et al.
2014b; Luo & Hu 2008; Xiao et al. 2014a) and a couple of studies elsewhere had also used
NCDs specific health outcome measures, such as mental health and diabetes (Dzolkarnaini &
Atkins 2014; Moran & Jacobs 2013). However, to the best of our knowledge this is the first
study in China or elsewhere in the world that has examined health system efficiency and
productivity, focusing specifically on prevention and control of NCDs as an output of interest.
Besides, given social determinants of health, contextual factors exert effects on people’s
health and subsequently health system performance. It is, therefore, worthy to understand the
impact of such contextual factors on health system efficiency.
The study addresses the following key policy questions: how efficient are NCDs services in
China? Did the performance of the health system with respect to NCD prevention and service
delivery improve following the implementation of the healthcare reform in 2009? If so, was
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the growth trajectory similar across provinces, and if not, what contextual factors can explain
regional differences in efficiency and productivity in the country?

5.2 Materials and methods
5.2.1 Data and data sources
In this study, productivity and efficiency are analysed using the standard economic theory of
production in which a frontier representing the current production technology is estimated
using observed data and serves as the benchmark against which to evaluate resource
utilisation. Generally, human resources for health, expenditure on health, health products and
infrastructure such as hospital bed are the main inputs or resources used for health production.
In the present study, inputs and output were selected based on theory of production, prior
empirical evidence (Anthun et al. 2017; Varabyova & Müller 2016) and availability of
relevant data in the area. The period 2008-2015 was considered because this will allow us to
examine performance pre and post 2009 reform and assess its impact on health production.
Capital is a key input of any production process, but this is often more challenging to measure
due to the lack of data to separate the flow of capital services from capital stock (Jiang &
Andrews 2019). The number of installed beds is a common proxy variable for capital input in
previous studies (Aletras et al. 2007; Bhat 2005; Felder & Tauchmann 2013; Gok & Altında÷
2015) and we used number of hospital beds per 1000 residents as one of the inputs to the
model along with density of medical personnel per 1000 residents and per capita expenditure
on health. The density of hospital beds was calculated excluding beds in departments not
serving NCD patients (namely, gynaecology and obstetrics, paediatrics, medical cosmetology,
tuberculosis and other infectious diseases). As data on total expenditure on NCDs was
available only for 2016, we assumed the ratio of NCD expenditure to total health expenditure
observed in 2016 also applied to the 2008-15 period. From the available data, it was not
possible to identify the medical personnel specifically working on NCDs; hence the health
worker density reported in the study refers to all health workers without distinguishing
whether they are specific for NCDs or not. However, given the high burden of noncommunicable conditions in the country we believe that the density for all medical personnel
can serve as an adequate proxy to the health worker input in our analysis. Data on medical
personnel and hospital beds are from the China Health and Family Planning Statistical
Yearbook. The underlying data on health expenditure on NCDs was obtained from the
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country’s National Health $FFRXQWV SURMHFW from China National Health Development
Research Center, which is in-charge of health accounting in China.
Health output was measured using a health outcome known as healthy life years free from
NCDs (HLY_NCDs). Healthy life years incorporates both mortality and morbidity and is one
of the most commonly used measure of health status (Erickson et al. 1995; Hyder et al. 1998).
The measure was generated using a cause eliminated life table, while the underlying data was
obtained from the Chinese Center for Disease Control and Prevention.
For determinants of health system efficiency, attention has been given to contextual factors
which are outside of the control of the health sector but may have a bearing on health system
performance. These included degree of urbanisation, level of economic development, health
financing arrangements, and sociodemographic factors which were measured using the
following indicators: years of education attainment, old-age dependency ratio (the ratio
between the number of persons aged 65 and over and the number of persons aged between 15
and 64), provincial gross domestic product (PGDP) per capita, and the share of PGDP
devoted to health. In addition, we have also added indicators reflecting service delivery and
health financing arrangements (such as ratio of medical personnel to hospital beds, ratio of
medical personnel to nurse, share of OOP as a percentage of total health expenditure) that
may impact efficiency in each province. All required data on contextual factors were obtained
from China Statistical Yearbook and China Health and Family Planning Statistical Yearbook.
5.2.2 Statistical analysis
Data envelopment analysis (DEA) model is a linear programming mechanism used to
measure the efficiency of a decision-making unit (DMU). A DEA model can be either inputor output-oriented. An input-oriented model focuses on optimising inputs levels for a given
level of output, while an output-oriented model is targeted towards achieving the largest
possible proportional expansion in outputs at given input levels. In our analysis, an outputoriented model has been implemented taking account of the desirability of maximising health
outcomes and the fact that health system inputs are usually fixed in the short run. Under
output orientation, efficiency scores correspond to the largest feasible proportional expansion
in outputs for given inputs (Charnes et al. 1978).
DEA also allows assessment of global technological input optimisation process to determine
the characteristics of return to scales (RTS) in the production process (Banker et al. 1984;
ϴϯ
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Charnes et al. 1978). A DMU operating under a constant return to scale (CRS) technology
means that it is able to convert a unit increase in input levels to a corresponding unit level
increase in outputs, while a variable return to scale (VRS) technology implies that a unit
increase in inputs level can lead to a disproportionate change in output levels. Because it is
unknown a priori which of these processes apply in the system under study, it applied a VRS
model in this study and conducted a statistical analysis to determine the nature of input-output
relations in the sample data. We also estimated technical efficiency under CRS scenario to
estimate the degree of scale efficiency (SE) in the health production process. The computation
of SE has further allowed us to decompose overall technical efficiency (OTE) under CRS into
two components: pure technical efficiency (PTE) and scale efficiency (SE), as expressed in
the following equation:
OTEDEA_CRS =PTEDEA_VRS x SE
Given a technology of a base period, Malmquist productivity index (MPI) allows measuring
trends in efficiency over time. There are several variations of MPI, depending on the
assumption on the benchmark technology being used or assumed for analysis. We chose the
model proposed by Simar and Wilson and Zofio and Lovell, because the model is capable of
estimating ‘scale-bias-of technology’ separately rather than imposing one (Zofio 2007). The
method also allows us to decompose MPI into four elements—technical efficiency change
(TEC), scale efficiency change (SEC), technical change (TC), and the scale of the technical
change (STC)—which are relevant for understanding the components of change in health
system productivity. These four components and the relationships with each other are
expressed in the following equation:
MPI= TEC x SEC x TC x STC
Note: The product of TEC and SEC reflects TE change; the product of TC and STC is a measure of potential productivity
change (PTC), while returns to scale (RTS) can be measured as a product of SEC and STC. Each of the components in the
decomposition above can be interpreted within the theory of production context.

Given that the true production frontiers are unknown and that the DEA model is subject to
bias resulting from finite samples and the unknown true production frontiers (Kounetas &
Papathanassopoulos 2013; Lothgren & Tambour 1999), a methodological correction, namely
bootstrap procedure had been applied to estimate a bias-corrected DEA and MPI values in our
analysis. We used Tobit regression model for panel data with bootstrap procedure to examine
the contextual factors that impact the efficiency and productivity of provincial health systems.
Data analysis was performed using MaxDEA Ultra 7 (for efficiency and productivity analysis)
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and xttobit in Stata V.15.0 to conduct Tobit regression for panel data (Ahmed et al. 2019;
StataCorp 2017a). In the latter case, a random effect model was considered as we were unable
to achieve convergence for the fixed effects model.

5.3 Results
5.3.1 Recent trends in health investment and NCDs free healthy life years
Table 5.1 shows between 2008 and 2015, HLY_NCDs on average increased by about 0.24
years per annum, from 75.60 years in 2008 to 77.25 years in 2015. However, there was
substantial inter-regional heterogeneity, although the gap tends to narrow with time (see
Figure 5.1). While throughout the analysis years Tibet remained the most disadvantaged
province and Shanghai kept its position as a leader in the hierarchy—registering healthy life
years of 81.74 in 2008 and 82.93 years in 2015— but the larger improvement (an increase of
1.7 years, up from 70.19 years in 2008 to 71.89 years in 2015) was registered in Tibet.
Table 5.1 Descriptive statistics, China: 2008-2015

2008
Mean
Max
Min
2009
Mean
Max
Min
2010
Mean
Max
Min
2011
Mean
Max
Min
2012
Mean
Max
Min
2013
Mean
Max
Min
2014
Mean
Max
Min



Inputs
Per capita
expenditure on
NCDs (CNY)

Medical personnel
(per 1000 population)

Hospital bed for
NCDs (per 1000
population)

797.27
2918.63
378.35

1.78
4.79
0.96

1.88
4.26
1.05

75.60
81.74
70.19

968.14
2930.62
522.05

1.95
5.04
1.01

2.03
4.52
1.20

75.83
82.00
70.60

1010.38
2941.74
584.43

1.99
5.24
1.04

2.17
4.59
1.26

76.03
82.22
70.64

1151.23
3219.44
688.57

2.01
5.45
1.07

2.32
4.73
1.41

76.40
82.42
71.02

1327.48
3743.81
760.95

1.98
3.59
1.31

2.48
3.43
1.53

76.67
82.59
71.33

1512.36
4012.19
835.17

2.22
5.85
1.31

2.71
3.55
1.91

76.87
82.67
71.50

1687.59
4673.57
893.84

2.15
3.72
1.60

2.89
3.68
2.03

76.93
82.62
71.43
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Outputs
HLY_NCDs
(years)
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2015
Mean
Max
Min

1970.32
5281.38
1107.00

2.25
3.90
1.70

3.08
3.86
2.16

77.25
82.93
71.86

HLY_NCDs: healthy life years free from NCDs

On the input side, real per capita expenditure on NCDs (at 2008 constant price) increased
from 797.27 Chinese yuan (CNY) in 2008 to 1970.32 CNY in 2015, representing an annual
growth of 13.80% per annum. The density of medical professional and hospital beds on
average increased relatively marginally from 1.78 per 1000 population and 1.88 per 1000
population in 2008 to 2.25 per 1000 population and 3.08 per 1000 population in 2015,
respectively. This represents an annual growth of 3.37% and 7.31% respectively. In the period
prior to the reform, medical professional density and hospital bed density in resource
intensive provinces was about 3-4 times of that in least intensive provinces, while the
difference in health expenditure in the same year was seven-fold higher. Although the gap had
narrowed over the years, there was still wide variation in health resource utilisation among
biased OTE estimates provinces after the reform period, in 2015.

Figure 5.1 HLY_NCDs in 31 provinces in mainland China in 2008 and 2015
5.3.2 Trends in health system efficiency
As can be seen from Table 5.2, inefficiency appeared to be generally high in the country. The
average bias-corrected OTE estimates during 2008-15 period was about 0.7, which suggested
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that, if inefficiency could be eliminated, HLY_NCDs could be raised by as much as 30%,
without any additional health inputs in to the health system. However, it is interesting to note
that bias corrected OTE estimates had actually improved slightly over the years, which
resulted in a decline in inefficiency from around 40% in 2008 to close to 20% in 2015. The
gains in OTE during the period were largely attributed to rapid improvements in SE in the
country. The bias-corrected SE estimate in 2008 was 0.6588 and it had increased to 0.7855 in
2012 and to a further 0.8484 in 2015. However, during the same period, bias-corrected PTE
remained at a relatively high and stable level placing insignificant or no effect on
improvements in OTE overtime.
Table 5.2 Bootstrapping bias-corrected efficiency estimates (annual average and 95% CIs)

Year
2008
2009
2010
2011
2012
2013
2014
2015
Mean

OTE
Bias
corrected
efficiency
0.5973
0.6432
0.6594
0.6811
0.7386
0.7746
0.7909
0.8031
0.7074

Lower
bound

Upper
bound

0.5491
0.6059
0.6250
0.6473
0.7071
0.7424
0.7585
0.7487
0.6690

0.6671
0.7060
0.7200
0.7401
0.8031
0.8330
0.8456
0.8321
0.7657

PTE
Bias
corrected
efficiency
0.9706
0.9693
0.9650
0.9655
0.9651
0.9661
0.9657
0.9654
0.9666

SE
Lower
bound

Upper
bound

Bias corrected
efficiency

0.9636
0.9616
0.9565
0.9572
0.9562
0.9568
0.9566
0.9457
0.9568

0.9830
0.9845
0.9806
0.9799
0.9805
0.9858
0.9839
0.9750
0.9816

0.6588
0.6938
0.7093
0.7313
0.7855
0.8237
0.8406
0.8484
0.7584

OTE, PTE and SE scores were calculated by authors using MaxDEA Ultra software and 2000 bootstraps were used to
calculate the bias-corrected scores. OTE, overall technical efficiency; PTE, pure technical efficiency; SE, scale efficiency

There is substantial spatial variation (Figure 5.2) in OTE and SE across provinces, but this
was less for PTE, which was relatively high in all provinces. Specifically, with exception of
Anhui, Chongqing, Guizhou, and Qinghai, which encountered a slight decline in PTE
between 2008 and 2015, in almost all provinces PTE remained at a level observed since 2008.
There were only five provinces in 2015 where PTE was less than 0.95. An overall measure of
efficiency is provided by OTE, which combines SE and PTE together. In 2015, the top five
most efficient provinces as measured by OTE were Yunnan, Anhui, Fujian, Jiangxi, and
Guangxi, all of which had an OTE score of greater than 0.93. On the other hand, Xinjiang,
Beijing, Liaoning, Inner Mongolia and Qinghai were the five least efficient provinces in the
country. Given an average OTE score of less than 0.74, these provinces can improve NCDs
related health outcomes in their jurisdictions by at least 26% if they can address the
inefficiency that exists in their respective system.
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Figure 5.2 Trends in efficiency of health systems at provincial levels in mainland China during 2008-15

The scores in the figure were calculated by authors using MaxDEA Ultra software and 2000 bootstraps were used to calculate the bias-corrected scores. OTE, overall technical efficiency; PTE,
pure technical efficiency; SE, scale efficiency.
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5.3.3 Trends in health system productivity change
In addition to efficiency gain, technological change can also have a direct impact on health
system performance and overall productivity of the system. Hence, to gain insight into this
dynamic we have also investigated productivity change at provincial levels using MPI. The
average bias corrected MPI during 2008-15 was less than one (0.9243), which suggests that
overall productivity level was generally low. It is to be noted that if the MPI or any of its
components is greater (less) than one, it denotes improvement (deterioration) in performance.
Hence, the evidence suggests that following the reform period overall productivity had
declined at an average rate of 7.57% per year. The decomposition of MPI indicated that the
decline was mainly attributed to decreasing RTS which has contributed to an annual loss of
6.92%, along with a marginal decline in TC which registered a decline of a 0.67% per annum.
Further decomposition of the RTS revealed that the decline in RTS was linked to a decline in
STC (at a rate of 10.24% per annum), which eclipsed the significant improvement in SE (an
increase of 3.70% per year) registered during the period. On the other hand, changes in PTE
were rather modest; it only declined marginally at a rate of 0.07% per year.
Table 5.3 Bias-corrected measures of productivity changes and its components, China:
2008-2015.
Year

MPI

TC

TEC

RTS

SEC

STC

2008-2009
2009-2010

0.8704
0.9396

0.9894
0.9999

0.9988
0.9953

0.8809
0.9441

1.0535
1.0221

0.8361
0.9237

2010-2011
2011-2012

0.9133
0.9364

0.9940
0.9935

1.0005
1.0000

0.9183
0.9425

1.0310
1.0762

0.8907
0.8758

2012-2013
2013-2014

0.9271
0.9408

0.9915
0.9933

1.0008
0.9998

0.9343
0.9473

1.0473
1.0208

0.8921
0.9280

2014-2015
Mean(2008-2015)

0.9419
0.9239

0.9918
0.9933

0.9996
0.9993

0.9501
0.9308

1.0093
1.0370

0.9413
0.8976

Annual growth

-7.57%

-0.67%

-0.07%

-6.92%

3.70%

-10.24%

The scores in the table were calculated by authors using MaxDEA Ultra software and 2000 bootstraps were used to calculate
the bias-corrected scores. The mean values were estimated with geometric mean over time. MPI, Malmquist productivity
index; TC, technical change; TEC, technical efficiency change; RTS: returns to scale; SEC, scale efficiency change; STC,
scale of the technical change.

Figure 5.3 shows differentials in the productivity change by province for the period 20082015. Three provinces, namely Beijing, Tianjin and Shanghai were the only provinces that
registered overall productivity improvement in the country, which was mainly brought about
by improvement in RTS, or specifically SE. In the remaining 28 provinces (which represent
about 90% of the country’s health system) health system productivity has slowed down in the
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post reform period, with the rate of decline ranging from -12.65% in Tibet to -0.04% in
Guangdong. Although most of these provinces, with exception of Henan and Guizhou, had
seen improvements in their SE scores, it was not large enough to offset the decline in scale of
technology observed during the reform period. On the other hand, changes in TC and PTE
were relatively stable across provinces.
Tibet
Shanghai1.15
Beijing
Tianjin
1.10
Guangdong
1.05
Xinjiang
1.00
Liaoning

Hunan
Guangxi
Sichuan
Henan
Hubei
Yunnan

0.95
0.90

Zhejiang

Guizhou

0.85

Inner Mongolia

Anhui

Ningxia

Shaanxi

Heilongjiang

Gansu

Fujian

Jiangxi

Jilin
Qinghai
JiangsuShanxi
MPI

RTS

Hainan
Shandong
Hebei Chongqing

SEC

STC

TEC

TC

The scores in the figure were calculated by authors using MaxDEA Ultra software and 2000 bootstraps were used to calculate
the bias-corrected scores. The mean values were estimated with geometric mean over time for each province. MPI,
Malmquist productivity index; TC, technical change; TEC, technical efficiency change; RTS, returns to scale; SEC, scale
efficiency change; STC, scale of the technical change.

Figure 5.3 Productivity change by provinces during 2008-15
5.3.4 Effects of contextual factors on health system performance
Table 5.4 reports potential contextual factors influencing efficiency across the 31 provinces.
Health resource allocation patterns (represented by ratio of physicians to number of hospital
beds) and level of economic status of a province had large positive impact on OTE and SE.
On average a unit increase in per capita PGDP was associated with a 35.2% improvement in
OTE and a 38.9% improvement in SE. Similarly, a unit increase in the physician to hospital
bed ratio led to a 44.5% and 47.6% increase in OTE and SE, respectively. Mean years of
education and ratio of THE to GDP also had slightly positive effects on OTE and SE.
On the other hand, skill-mix, degree of urbanisation, old age structure and share of OOP as a
percentage of THE were inversely associated with OTE and SE. The result suggests that, on
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average, a one unit increase in physician to nurse ratio contribute to 18.5% and 17.3% lower
OTE and SE, respectively. Contextual factors seem to have no significant impact on PTE.
Table 5.4 Tobit regression results
OTE

PTE

Estimated
coefficient

Ln(per capita GDP)

0.3515

***

Senior dependence ratio

-0.0070

Education level

0.0017

UrbaniVation level
Percentage of OOP in THE
Ratio of physician to bed
Ratio of physician to
nurse
Ratio of THE to GDP

***

-0.0182

***

-0.0047

**

0.4447

***

-0.1848

**

0.0044

Bootstrapped
Std.Err

0.1099

Constant

-1.7087

/sigma_u

0.123

***

/sigma_e

0.057

***

rho

0.821

Number of observations

248

Z

3.20

0.0112

Bootstrapp
ed Std.Err

0.0156

Z

0.72

Estimated
coefficient.

0.3888

***

0.0023

-3.07

-0.0001

0.0002

-0.51

-0.0081

0.0033

0.52

0.0001

0.0004

0.31

0.0007

0.0043
0.0021
0.1205
0.0887
0.0135

*

SE

Estimated
coefficient.

1.0171
0.022
0.005

-4.18
-2.18
3.69

-0.0003

0.0006

0.0004

0.0002

0.0037

-2.08
0.33

0.0118

0.0049
-0.0037

-1.68
5.47
11.08

0.062

*

0.8692

***

0.0184

***

0.0069

***

0.8753
248

-0.55
1.44
0.32

0.0040

-5.19

-0.0050

0.0027

-1.86

***

0.1266

3.76

*

0.0985

-1.75

0.4761

0.0051

0.0634

4.53

-3.11

*

-2.33

0.0015

0.0026

-0.0208

0.0016

5.77

3.39

0.20

-0.1726

0.0032

0.1149

0.0036

0.71

6.39

Z

***

0.0070

0.1360

***

Bootstrapped
Std.Err

0.0146

0.35

*

1.1102

-1.71

0.1355

***

0.0260

5.21

0.0614

***

0.0060

10.30

-1.8937

0.8296

0.0576

248

It was calculated by authors using Tobit model and with 1000 bootstraps. OTE, overall technical efficiency;
PTE, pure technical efficiency; SE, scale efficiency. * pௗ<ௗ0.10, ** pௗ<ௗ0.05, *** p <ௗ0.01.

5.4 Discussion
This study examined trends in health system efficiency and productivity over the period 20082015 to explore the effects of the 2009 new healthcare reform on the productivity and
efficiency of NCDs related health services in China. To the best of our knowledge, this is the
first-time that such analysis was undertaken in China, especially in terms of NCDs related
health outcome. We used a bootstrapping DEA and MPI approaches to measure and evaluate
efficiency and productivity change along with its components. We also applied a Tobit model
to analyse potential contextual factors that affect technical efficiency in the country during the
same period.
On average, PTE was relatively high (i.e., 0.9666), while OTE was far from satisfactory (i.e.,
0.7074), mainly due to the low level of SE (i.e., 0.7584) that existed in most provinces.
Efficiency was quite heterogeneous across provinces. We observed that, at least another 5%
of NCDs burden in 2015 could be removed if provinces like Inner Mongolia, Heilongjiang,
Qinghai, Ningxia, and Xinjiang operated at their maximum PTE. Provinces like Xinjiang,
Beijing, Liaoning, Inner Mongolia and Qinghai could also improve health outcome by as
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much as 26%, if they are able to address overall technical inefficiency, particularly the
inefficiency associated with scale of health input. However, despite the inefficiencies that still
existed in the system SE and OTE appear to have been improving over the years.
On the other hand, results from the bootstrapping MPI analysis further indicated that post the
reform period productivity had declined at an annual rate of 7.57%. A further breakdown of
the components of productivity change has shown that the observed decline in productivity
was mainly due to a decline in RTS, indicating that the country’s health system is moving
away from an optimal scale due to inappropriate input scale level. Further decomposition also
revealed that the decline in RTS itself was caused by a decline in scale of technology, which
averaged around 10.24% per annum; this has greatly offset the improvement in SE that was
observed during the period.
Given the findings our study indicated that the Chinese health system does not seem to have
made the best of health technologies, which can be attributed to several potential reasons.
First, the diffusion of new technology can be influenced by the propensity of physicians or
hospitals to adopt these new innovations (Skinner & Staiger 2015). In the case of China, due
to distorted incentive systems, health providers often favoured overtreatment and overuse of
drugs and medical tests over cost-effective preventions and treatment technologies, which had
led to a highly fragmented and heavily hospital-centred system at the expense of primary
health care (Wu & Lam 2016; Zhang et al. 2017). Well recognised prevention programs such
as tobacco control, salt reduction, improved diet and physical activity, reduction in hazardous
alcohol intake, and other medically focused cost-effective interventions to address NCDs
crisis for countries have attracted limited attention in China as most of its health resources
have been consumed by treatment rather than being put on cost-effective interventions
(Beaglehole et al. 2011). For example, the percentages of all healthcare services provided by
hospitals grew from 34.9 percent in 2010 to 39.1 percent in 2014, while the proportion
delivered in primary care facilities dropped from 61.9 percent to 57.4 percent. Expenditure on
hospitals accounted for 54 percent of China’s total health expenditures (China National
Health Development Research Center 2017), which was more than the OECD average level
of 38 percent (OECD 2015). Secondly, the diffusion of technologies can also be influenced by
regulatory framework around the manufacturing, procurement, importation and use of new
drugs and high-technology equipment (He et al. 2013). For example, it takes approximately 5
years for imported drugs to get approval and pass confirmatory clinical trials as required by
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China Food and Drug Administration (CFDA) (Zhang 2018). In some cases, the time lag
between US FDA and CFDA authorities for some imported cancer drugs can be as long as 7years or more. Such a long approval time undoubtedly makes patients with cancer lose
opportunities to benefit from new treatment technologies. Moreover, the heavy investment
required for high-tech medical equipment and the problems of ‘medical arm race’ between
health institutions meant that the Chinese government had to tighten the use and configuration
of large-scale medical equipment through policies and regulations. For example, the
regulation on “Management, Utilisation and Allocation of Large-scale Medical Equipment”
requires all public medical institutions to apply and get granted a “practice license of medical
facilities” before purchasing any equipment. This requirement implies that a long and gradual
process will be needed for translation of a big technological breakthrough into productivity
improvement. Additionally, most applied technologies developed in the second half of the
twentieth century, known as ‘halfway technologies’ (Weisbrod 1991), do not prevent or cure
diseases, but simply treat the symptoms or save life while not improving health status; hence
do not contribute to improvements in productivity.
Some contextual factors had direct effects on health system efficiency. Provinces that were
relatively wealthier, spend a greater share of PGDP on health, have higher physician to
hospital bed ratio and a relatively well-educated inhabitants tend to perform better than their
counterparts. On the other hand, high physician to nurse ratio, high rates of old age
dependency, high rates of urbanisation and limited financial protection from catastrophic
health expenditure (represented by share of OOP in THE) tend to adversely affect OTE and
SE. This means that optimal allocation of health resources (such as between human and
hospital infrastructure and skill mix of health workers), favourable financial protection
mechanisms, and actions beyond the health sector (such as investment on education) can help
improve health systems efficiency and consequently performance.
Our findings about productivity change in Chinese health system are in line with other
international studies which found that regression in productivity was mainly attributed to
deceleration in technological change, which overshadowed the improvements in efficiency
over time (Hollingsworth & Wildman 2003; Hsu 2013; Lee 2008). In addition, several
previous studies conducted in China also observed a decline in productivity. For example, Ng
found that health care productivity deteriorated over the period 2002 to 2005, and the trend
was dominantly shaped by technological regress (Ng 2008). On the contrary, Zhang et al



ϵϯ

Chapter 5 Efficiency and productivity of health systems in prevention and control of NCDs

observed an improvement in Chinese health system since 2008, and attributed the change to
possible positive impact of the reform (Zhang et al. 2017). However, it should be born in
mind that in both cases health outputs were measured using intermediate variables, namely
number of visits and admissions rather than a health outcome as was the case in the present
study.
Our analysis is not without limitations. First, this paper focuses on examining the impact of
healthcare reform on health system productivity, but could not confirm a causal relationship
between them. Studying the causality between healthcare reform and health system
productivity requires randomised controlled trials or quasi-experiments, which is beyond the
scope of this study. Second, there are many potential factors that impact on health and
productivity of health system, but due to data limitation, we may not have captures all
important factors, like government administration, stewardship and leadership. Third, we have
only looked at health system productivity at a provincial level. However, given variations
within each province, further analysis focusing on the county level is also necessary. Fourth,
in the analysis the primary DMUs (i.e., provinces), are assumed to be independent with each
other, hence spatially-sensitive efficiency model, such as those developed for SFA and other
regression models (Felder & Tauchmann 2013; Kinfu & Sawhney 2015), has not been
considered.

5.5 Conclusion
Productivity and efficiency had declined across several provinces during 2008-2015. In some
of these provinces, efficiency and productivity rebounded in later years, but whether these
improvements will continue into the future is something that remains to be seen. This may
justify the argument of Kornai and Eggleston that health systems require time to act upon new
reforms in order to maximise output that may result in increased investment (Wu et al. 2015).
Improvement in scale efficiency was the most important momentum driving productivity
growth and health system efficiency in China, and this should continue to be fostered. Moving
forward, enhancing financial protection and improving resource allocation within the health
sector will be crucial to improve SE and consequently productivity in future.
In conclusion, the study identified several modifiable sources of inefficiency and productivity.
Firstly, several health provinces, particularly those with low resource intensity, may benefit
from reducing resources invested to infrastructure or equipment, such as hospital beds.
Secondly, quality improvement efforts are needed to optimise the resource allocation between
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human and other health system resources (such as hospital beds). Thirdly, public and private
investment beyond health sectors (such as in education), and favourable financial protection
mechanism can help improve health systems efficiency and subsequently productivity.
Further research is required to understand and contextualise the factors associated with the
adverse trends identified in many provinces. In addition, our findings suggest that
productivity improvements in some provinces can be achieved through increasing their ability
to access advanced and cost-effective technology, rather than simply expanding their
investment scale. Currently, the Chinese government is promoting the integration of new
technologies into the healthcare system through policies such as its Internet Plus healthcare
strategy, which will accelerate interconnectivity and sharing of medical information among
health delivery systems and strengthen quality supervision of medical services and
information security (The State Council the People's Republic of China 2018). It might be that
the adoption and promotion of health information technology can lower health spending and
improve quality and therefore health system efficiency and productivity in future (Anderson
et al. 2006; Bardhan & Thouin 2013).
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FOR CHRONIC DISEASES IN CHINA: RECENT TRENDS
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Abstract
Background Potentially avoidable hospitalisation (PAH) affects patient’s health outcome and
health system’s fiscal sustainability. PAH is widely studied in developed countries, but there
is limited research in low- and middle-income countries, including China. This study aims to
examine the incidence, associated costs and potential determinants of PAH in China.
Methods The incidence and associated costs of PAH were estimated using national
administrative data for the period 2004-2017, and aggregate/macro level changes were
decomposed into effects due to population growth, ageing, disease prevalence, and utilisation
per case following Das Gupta’s decomposition approach. A two-stage selection model was
implemented on the latest wave of the National Health Service Survey, conducted in 2018, to
examine potential factors influencing PAH at individual level.
Findings Aggregate PAHs reached 1.62 million (8.6% of all hospitalisations) in 2017,
representing a 4-fold increase over 2004. Spending on PAH increased even much faster, from
19.9 billion Chinese Yuan (CNY) in 2004 to 139.9 billion CNY in 2017, largely due to
increasing utilisation of services. At individual level, incidence of PAH were positively and
significantly associated with age, consumption expenditure per capita, and hospital bed
density in local areas, while negatively associated with education attainment, self-reported
health status, physician density in the local area, and time that takes to reach to closest health
facility from home.
Interpretation PAH is highly prevalent and continues to increase rapidly in China. Health
system level interventions, like perfecting health resource allocation between health capital
(such as health workforce density) and infrastructure (i.e., hospital bed availability), and
improving individual-level sociodemographic factors, like education, should receive attention
to mitigate the growing burden and financial consequences of NCDs in China.
Funding There is no funding support.
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Research in context
Evidence before this study
We searched PubMed, MEDLINK, and CNKI with the terms “(potentially) avoidable
hospitalisation”, “(potentially) preventable hospitalisation”, and “ACSC hospitalisation”
in English or Chinese up to Jul, 2019. Many studies that we found focused on
sociodemographic and geographic disparities, as well as trends in incidence of potentially
avoidable hospitalisation (PAH). Few studies have made use of comprehensive data to
examine macro and macro-level determinants and associated costs of AH. These studies,
however, were mainly conducted in developed countries, and studies from low- and
middle-income countries were rare, if not non-existent. A couple of studies conducted in
China were based on administrative data which tended to neglect individual and other
system level potential confounding factors (such as access to health resources and
services) associated with PAH. Additionally, the studies were geographically restricted
and narrow in their time horizon.
Added value of this study
This is the first comprehensive nation-wide analysLs on trends in the incidence of PAH
and related cost in China. It is also the first to examine macro-level driving factors and
individual level determinants of PAH in China. Our findings highlight that PAH is highly
prevalent in China, and experiencing a rapid increase in the volume of cases as
well DV associated treatment costs. Furthermore, our results highlight a striking
gradient of increasing PAH risk with decreasing levels of education and increasing age.
Local health system level forces, such as availability of hospital beds and physicians
also had strong and positive effect on PAH.
Implications of all the available evidence
The high prevalence and related cost of PAH is uniquely driven by high utilisation rate of
inpatient care, which is a reflection of the absence of a responsive and strong primary
health care system in the country. Besides, individual socioeconomic factors do play in
keeping PAH high. Strategies targeting high-risk populations to reduce PAH should
prioritise individuals and families with low educational level. The urgency of developing
and implementing effective interventions to further strengthen primary health care cannot
be over emphasised.
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6.1 Introduction
Potentially avoidable hospitalisation (PAH), also known as potentially preventable
hospitalisation, or hospitalisation for ambulatory care sensitive conditions (ACSC), refers to
admission to a hospital of a patient that could have been potentially prevented if timely and
effective primary care and disease management services were to be available for the patient
(Billings et al. 1993). Level of PAH is a good indicator of problems associated with access to
a timely and effective primary care (Kruk & Freedman 2008). The UN has set universal
health coverage (UHC) as one of the Sustainable Development Goal (SDG) targets, to be
achieved by 2030. However, without high quality health care, UHC remains an empty rhetoric
and health improvements can be elusive, even with increased access to services (Rubinstein et
al. 2018). Primary health care, as the cornerstone and main entry point to a high-quality health
system, can play a crucial role in coordinating care and ensuring the achievement of UHC in a
broad set of context.
Access to timely and effective primary health care is a growing public health priority and an
emerging challenge in global health. Lack of timely and effective primary care results in
unnecessary illness; leads to productivity loss and costly hospitalisations. This in turn may
lead to huge macroeconomic burden on nations, especially in low- and middle-income
countries

(LMICs).

Failure

to

ensure

access

to

high-quality

care

and

avert

preventable mortality is estimated to cost LMICs a cumulative gross domestic product
(GDP) loss of US$11.2 trillion between 2015 and 2030 (Kruk et al. 2018). The substantial
negative effects of PAH on people’s health, sustainability of healthcare systems as well as on
macroeconomic performance in general mean that in many developed countries measuring
and monitoring ACSC has now become an integral component of health system
performance assessment (Health & Welfare 2007; OECD 2017).
Without a complete understanding of the drivers of PAHs, health care systems and policies
would continue to face high financial burden and be ill equipped to improve the quality and
value of care for their citizens. Most prior studies focus on socio-demographic and geographic
disparities as well as trends in incidence of PAHs. Few studies have examined macro- and
macro-level determinants and associated costs using comprehensive data (Gao et al. 2014).
Most studies on the subject matter are largely from developed countries while in LMICs, such
studies are generally rare. The few that exist tend to suffer from lack of comprehensiveness
and depth. In China, the concept of PAHs was first introduced by Zhou et al (Zhou et al.
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2015), and Su et al. who investigated the criteria for PAH and analysed its causes (Su et al.
2016). In a subsequent study, Jiang and colleagues (Jiang et al. 2015) analysed PAHs, but
their study ignored potential confounding factors and focused only on three chronic
conditions, such as prehospital factors (e.g., access to health resources and services). Jiang
and colleagues’ work as well as those of Zhou et al. and Sue et al, were also geographically
restricted and cover a very narrow time horizon. To address these gaps, in this study, we
measured the incidence of PAHs, estimated associated costs and examined potential macro
level determinants for a period extending over a decade. The assessment of factors affecting
the risk of PAH at a person level is also the first such work of its kind in China.

6.2 Study design and methods
6.2.1 Data sources
We assembled data on discharges and associated hospitalisation cost by diseases and age
groups for the period 2004 and 2017 from all hospitals administered by national, provincial
and local health administrations in mainland China. The data were originally collected from
medical records of individual patients maintained by each hospital, but they were accessed as
aggregate statistics from reports published by the Department of Health Statistics at the
National Health Commission. Demographic data, also needed in the study for purposes of
standardisation and computation of per capita measures, were obtained from the National
Statistical Bureau in China, while data on disease prevalence rates were extracted from the
2018 Global Burden of Disease Study conducted by the Institute for Health Metrics and
Evaluation (Institute for Health Metrics and Evaluation 2018).
To investigate individual level determinants of PAHs in the country, we extracted a deidentified dataset from the Sixth Wave of the National Health Service Survey (NHSS) (year
2018). The individual level analysis was restricted to Shandong province given data
availability when conducting this analysis. Shandong is located on the east coast of China and
covers an area of 157965 km2, including 17 cities and 137 county-level units in 2017. As the
second largest populous province, Shandong is home to 100 million residents or 7.2% of
China’s population and its GDP per capita ranks the seventh largest among the 31 provinces
in mainland China.
NHSS is a national domestic survey, and collects information on individual’s demographic
and socioeconomic status, health conditions, health behaviours, and health service utilisation.
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Multistage stratified cluster sampling procedure was employed by NHSS. In the case of
Shandong province, 20 county-level units were selected randomly in stage one out of all
the available rural counties, urban districts LQ 17 cities. In stage two, 100 townships/
sub-districts were selected from the selected county-level units. In stage three, 2
villages /communities were selected randomly from each township/sub-district, and in stage
four, 60 households were selected randomly from the respective villages/communities. In
all, 12000 households and 35266 individuals were enrolled in the sample. Selected
individuals were interviewed face-to-face in each household. Additional data pertaining to
local health system (namely, number of hospital beds and human resources) needed for the
individual analysis were collected from Shandong Health Commission.
6.2.2 Statistical analysis
Hospitalisations with an ambulatory care-sensitive primary diagnosis, which could have been
prevented or treated by primary health care, were regarded as potentially avoidable. In our
analysis, the list includes angina, asthma, chronic obstructive pulmonary disease (COPD),
congestive heart failure, diabetes mellitus (DM), and hypertension.
We used a descriptive method to examine trends in the incidence of PAHs and related costs.
The results of the descriptive analyses were age-standardised using 2017 population data,
while adjustments for inflation were made using Consumer Price Index for medical care for
the same year. To understand the drivers of PAHs Das Gupta’s decomposition approach was
applied and the effects of population growth, ageing, disease prevalence and utilisation rates
on macro-level changes in PAHs were estimated (Das Gupta 1993).
We used a selection model, specifically known as eprobit model, on the NHSS data from
Shandong to analyse individual determinants of PAHs. The primary outcome of this analysis
was incidence of PAHs due to selected ACSCs (specified earlier) during the past one year
before survey time. As such hospital incidence was too low among children; hence the study
population was restricted to people aged 15 and over. The final analytical sample included
28576 observations.
Based on broad literature review and data availability for analysis, individual level predictors
were grouped into four categories. The first category represented sociodemographic
characteristics, including age, sex, place of residence (urban or rural), education and per
capita household consumption expenditure. Education level was grouped into five categories:
ϭϬϱ
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no formal education, primary school, middle school, junior high school, and college,
university and above. The second set measured health conditions that are often strongly
associated with health behaviour and health status, including body mass index (BMI) and selfreported health status. The third category captured access to medical service and health
system related variables. These included distance to closest health facility from home
(measured in time duration), access to basic health insurance coverage and health resources
(i.e., density of medical staff and density of hospital beds) in the region. The variable on
access to basic health insurance was classified as follows: has no health insurance, holds
urban employee basic medical insurance (UEBMI), or belong to either urban resident basic
medical insurance (URBMI) or new rural cooperative medical schemes (NCMS).
Investigation on PAHs using survey data may suffer from selection bias. First, access to
inpatient care may vary among population groups. Previous study demonstrated that about 7%
of patients in China foregone recommended inpatient care (Li et al. 2018), especially retirees
and people with low education (Zhang et al. 2018). Moreover, quality of recall on having
PAHs may be correlated with respondent’s disease awareness level or experience with
previous episode. Thus, selection bias might occur if we only analysed the sample among
those who were actually admitted to hospitals. These call for a Heckman-style selection
model (HSM) to address the challenges. HSM consists of a selection equation and an outcome
equation (Heckman 1979). The selection equation modelled the incidence of NCDs (given the
ACSC of interest are chronic in our analysis) while the outcome equation was used to predict
the incidence of PAHs, conditional on the selection equation. When the error terms of these
two equations were significantly correlated, standard probit regression applied to the outcome
equation alone may yield biased results.
All statistical analyses were performed using Stata, version 15.0. We used the eprobit
command to estimate the bivariate probit model (StataCorp 2017b), and used margins to
estimate marginal effects. P<0.05 was considered statistically significant.

6.3 Results
As shown in Table 1, there were 1.62 million PAH episodes in 2017 in China, representing a
4-fold growth since 2004. This is also a much higher increase than that of total admission
over the same period. As a result, the proportion of PAHs out of total admission has grown
from 6.86% in 2004 to 8.57% in 2017. The percentage of PAHs cost in total inpatient
spending grew from 7.22% to 8.49% over this period. From 2004 to 2017, real cost per PAHs
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increased from 3455.76 Chinese yuan (CNY) to 8625.36 CNY, at 2017 constant price.
Annual inflation-adjusted total spending on PAHs had increased dramatically: from 19.86
billion CNY in 2004 to 139.90 billion CNY in 2017, with an annual growth rate of 16.20%,
which was slightly higher than that of spending on total hospitalisations (14.77%).
In 2017, the most dominant PAHs categories in order of importance were COPD, DM, and
hypertension, accounting for 33.69% (n=5463746), 26.21% (n=4251673), and 17.33%
(n=2810571), respectively. Over the study period, the percentage of COPD and DM
hospitalisation remained relatively constant, while hypertension hospitalisation decreased by
16%, which, however, was mainly offset by the trend for angina, which increased from 3.38%
in 2004 to 13.64% in 2017.
PAHs cost showed a similar trend during the study period, except for the cost for avoidable
hypertension hospitalisation, which as the share of total PAHs cost shrank faster due to a
larger decline in unit cost. Conversely, the share of angina hospitalisation cost increased faster
than its share in PAHs. This was due to the rapid increase in unit cost for angina
hospitalisation. Figure 6.1 presents the dynamics of these trends in more details.



Figure 6.1 Proportion by ACSCs for avoidable hospitalisations and related cost
Figure 6.2 shows age-condition-standardised PAHs rates for 2004-2017. Aggregate PAHs
incidence rate was 11.67 cases per 1000 inhabitants in 2017, representing a 2.67 fold increase
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over 2004. Hospitalisation rate was highest in 2017 for COPD (3.93 cases per 1000
inhabitants), followed by DM (3.06 cases per 1000 inhabitants). The second echelon includes
hypertension and angina, at 2.02 cases per 1000 inhabitants and 1.59 cases per 1000
inhabitants. The lowest rates were for heart failure and asthma, at 0.70 cases per 1000
inhabitants and 0.36 cases per 1000 inhabitants, respectively. However, among all conditions
annual changes in hospitalisation over 2004 to 2017 were highest for angina and heart failure,
which stood at 22.78% and 22.00%, respectively. The corresponding rates for DM, COPD,
asthma and hypertension were 11.14%, 10.93%, 6.95% and 5.05%, respectively.
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Figure 6.2 PAH rate by ACSC conditions between 2004 and 2017
As per the decomposition analyses, about 80% (79.55%) increase in PAH episodes between
2004 and 2017 was due to increased used of service (i.e., utilisation rates). This is equivalent
of 1.0 million episodes. Population growth and ageing further contributed a 4.73
and 12.24%, respectively, while changes in disease prevalence rate contributed the
remaining 3.48%.
The relative contributions of ageing, population growth, disease prevalence and utilisations
rates were different for each condition. For example, in the case hypertension and asthma
changes in disease prevalence rate were responsible for about 44.42% and 27.50% of
observed changes in these conditions’ PAHs, while the contribution of ageing for these same
conditions was relatively minor and in the opposite direction (-1.73% and -7.29%,
respectively).
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With regard to cost, over half (58.89%) of the changes between 2004 and 2017 were due to
increased utilisation rates, followed by price inflation (i.e., medical service index [14.34%]),
and high unit costs (12.32%). The contribution of ageing, population growth and disease
prevalence were rather marginal—9.48%, 3.46%, and 1.51%, respectively. See Figure 6.3 for
further details.



Figure 6.3 Decomposition of potentially avoidable hospitalisation and related cost between
2004 and 2017
Table 6.3 shows the determinants of PAHs from the individual level analysis using results
from selection model. The use of the extended probit regression in our analysis is justified
because the covariance test shows strong correlation between the errors for the selection and
outcome models (i.e., the incidence model for NCDs and those of PAH incidence model
(p=0.004)). Accordingly, age, per capita consumption expenditure, and hospital bed density
were positively and significantly associated with the incidence of PAHs; while living in rural
region and BMI were positively associated, but not significantly. Moreover, being a female,
having higher level of education, self-reported health score, and physician density, and
distance from the closest health facility (measured with respect to time) negatively affect the
risk of PAHs. However, the effects of sex and educational attainment to primary level were
statistically insignificant. Marginal effects evaluated at the mean of covariates are shown in
Figure 6.4 for categorical variables.
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Sex
Male
Female
Place of living
Urban
Rural
Education level
Non-education
Primary
Middle-school
Senior-high-school
University
Type of SHI
Non-insurance
UEBMI
Urban_Rural_Resident SHI
Type of nearest facility
Private clinic
Outpatient department
Village clinic
Community station
Community center

ϯ͘Ϯϵ

ϯϰϱϱ͘ϳϲ
ϯ͘ϭϴ

ϯ͘ϯϴ

48·9 (48·2 to 49·5)
51·1 (50·5 to 51·8)
55·5 (54·9 to 56·1)
44·5 (43·9 to 45·1)
11·9 (11·5to 12·3)
18·5 (18·1to 19·0)
36·7 (36·1to 37·3)
19·0 (18·5to 19·5)
13·8 (13· 4to 14·2)
1·8 (1·6to 1· 95)
26·3 (25·7to 26·8)
71·9 (71·4to 72·5)
18·6 (18·1to 19·0)
1·0(0· 9to 1·2)
53·5 (52·9to 54·1)
10·35 (1·0to 10·7)
4·8 (4·6to 5· 1)

48·1(47· 5 to 48·7)
51·9 (51· 3 to 52·5)

55·25 (54·7 to 55·8)
44·75 (44·2 to 45·3)

12·6 (12· 2to 13·0)
19·0 (18· 5to 19·4)
36·3 (35· 8to 36·9)
18·7 (18· 2to 19·1)
13·4 (13· 0 to 13·8)

1· 6 (1·5to 1·8)
26·4 (25· 9to 26·9)
72·0 (71· 5to 72·5)

18·4 (18· 0to 18·9)
1· 0 (0·9to 1·1)
53·5 (52· 9to 54·0)
10·3 (1·0to 10·7)
4· 8 (4·6to 5·1)

ϮϬϬϳ

ϯ͘ϵϭ

ϰϭϮϯ͘ϴϱ

ϰϬϮϬ͘ϲϮ

ϲ͘ϴϰ

Ϯϱ͘ϵϳ

ϯϳϵ͘ϲϰ

ϲ͘ϲϳ

Ϭ͘ϰϯ

ϲ͘ϰϵ

ϮϬϬϴ

ϰ͘ϯϴ

ϰϮϵϯ͘ϱϰ

ϰϭϬϴ͘Ϯϲ

ϳ͘Ϭϵ

ϯϭ͘ϬϮ

ϰϯϳ͘ϲϰ

ϲ͘ϳϴ

Ϭ͘ϱϬ

ϳ͘ϯϵ

ϭϭϬ

17·3 (15· 9to 18·6)
0· 9 (0·5to 1·2)
53·5 (51· 7to 55·3)
10·2 (9·1to 11·3)
4· 6 (3·9to 5· 4)

0· 1 (-0· 0to 0·2)
27·7 (26· 1to 29·4)
72·2 (70· 6to 73·8)

18·7 (17· 3to 20·1)
22·8 (21· 25to 24·3)
33·1 (31· 4to 34·8)
15·5 (14· 2to 16·9)
9· 9 (8·8 to 10·9)

53·1 (51· 3 to 54·9)
46·9 (45· 1 to 48·7)

41·3 (39· 5 to 43·1)
58·7 (56· 9 to 60·5)

%/mean (95% ci)

NCDs

ϰϭϴϲ͘ϱϴ

ϯϳϵϮ͘ϰϴ

ϳ͘Ϯϰ

%/mean (95% ci)

ϰϭϬϱ͘ϰϳ

ϯϮϴϮ͘ϵϮ

ϯϮϬ͘ϳϬ
Ϯϯ͘ϮϮ

Non-NCDs

ϯϴϱϴ͘ϰϯ

ϳ͘ϮϮ

Ϭ͘ϯϲ
ϲ͘ϱϲ

Total population

ϳ͘Ϯϯ

ϭϵ͘ϴϲ

ϮϬϬϲ

ϱ͘ϱϲ

%/mean (95% ci)

Table 6.2 Data description



ϯϭϵ͘ϭϮ
Ϯϯ͘Ϭϴ

Ϯϳϰ͘ϵϮ

Ϭ͘ϯϱ
ϲ͘ϴϬ

ϲ͘ϴϲ

ϰ͘ϲϳ
Ϭ͘ϯϮ

ϮϬϬϱ

ϱ͘ϭϭ

ϮϬϬϰ



Total no. of hospitalisation (million admissions)
Total no. of PAH (million admissions)
Proportion of PAH (%)
Total hospitalisation cost (billion CNY)
Total PAH cost (billion CNY)
Proportion of PAH cost (%)
Total cost per hospitalisation (CNY)
Total cost per PAH episode (CNY)
PAH rate (standardised) (‰)

Table 6.1 Avoidable hospitalisation and rates in China, 2004-2017

0·00

0·00

0·00

0·01

P
0·00

ϱ͘ϭϵ

ϱϬϱϭ͘ϳϭ

ϰϳϳϳ͘ϯϯ

ϳ͘ϲϮ

ϰϯ͘ϲϴ

ϱϳϮ͘ϴϱ

ϳ͘Ϯϭ

Ϭ͘ϲϭ

ϴ͘ϰϵ

ϮϬϬϵ

ϮϬϭϭ

ϳ͘Ϯϲ

ϱϲϬϭ͘Ϭϱ

ϱϯϱϭ͘ϲϲ

ϴ͘Ϭϯ

ϲϯ͘ϯϴ

ϳϴϵ͘ϭϱ

ϳ͘ϲϳ

Ϭ͘ϴϯ

ϭϬ͘ϳϱ

17·3 (15·9to 18·6)
0·9 (0·5to 1· 2)
53·5 (51·7to 55·3)
10·2 (9·1to 11·3)
4·6 (3·9to 5· 4)

0·1 (-0·0to 0·2)
27·7 (26·1to 29·4)
72·2 (70·6to 73·8)

18·7 (17·3 to 20·1)
22·8 (21·2to 24·3)
33·1 (31·4to 34·8)
15·5 (14·2to 16·9)
9·9 (8·8 to 10·9)

53·1 (51·3 to 54·9)
46·9 (45·1 to 48·7)

41·3(39·5 to 43·1)
58·7(56·9 to 60·5)

%/mean (95% ci)

Total

ϲ͘ϱϵ

ϱϰϮϰ͘ϬϮ

ϱϭϰϴ͘ϯϱ

ϴ͘Ϭϰ

ϱϰ͘ϳϯ

ϲϴϬ͘ϯϳ

ϳ͘ϲϰ

Ϭ͘ϳϯ

ϵ͘ϱϮ

ϮϬϭϬ

ϮϬϭϯ

ϵ͘ϰϵ

ϲϳϴϵ͘ϭϰ

ϲϱϮϲ͘ϵϰ

ϴ͘ϱϵ

ϭϬϯ͘ϬϮ

ϭϭϵϵ͘ϵϭ

ϴ͘Ϯϱ

ϭ͘ϭϲ

ϭϰ͘Ϭϭ

17·3 (15· 8to 18·8)
1· 0 (0·6to 1·3)
53·4 (51· 5to 55·4)
10·0 (8·9to 11·2)
4· 6(3·8to 5·5)

0· 1 (-0· 0to 0·2)
27·6 (25· 9to 29·4)
72·3 (70· 5to 74·0)

17·2 (15· 8to 18·7)
21·9 (20· 3to 23·5)
34·1 (32· 3to 35·9)
16·0 (14· 6to 17·4)
10·75 (9· 6 to 11·9)

53·0 (51· 1 to 54·9)
47·0 (45· 1 to 48·9)

40·7(38· 8 to 42·6)
59·3 (57· 4 to 61·2)

%/mean (95% ci)

Non-PAH

ϵ͘Ϭϭ

ϱϱϰϮ͘Ϯϭ

ϱϮϴϬ͘Ϭϴ

ϴ͘ϳϬ

ϳϵ͘Ϭϵ

ϵϬϴ͘ϲϱ

ϴ͘Ϯϵ

ϭ͘Ϭϲ

ϭϮ͘ϳϯ

ϮϬϭϮ

ϮϬϭϱ

ϭϬ͘ϳϰ

ϳϰϳϵ͘ϭϮ

ϳϯϭϰ͘ϯϴ

ϴ͘ϵϭ

ϭϮϳ͘ϯϳ

ϭϰϮϵ͘ϲϰ

ϴ͘ϳϭ

ϭ͘ϰϬ

ϭϲ͘Ϭϵ

16·7 (12· 7to 20·7)
0· 3(-0· 3to 0·9)
53·7 (48· 4to 59·1)
11·9 (8·5to 15·4)
4· 5 (2·3to 6· 7)

0· 0 (0·0to 0· 0)
28·4 (23· 5to 33·2)
71·6 (66· 8to 76·5)

30·1 (25· 2to 35·1)
29·3 (24· 4to 34·1)
25·7 (21· 0to 30·3)
11·9 (8·5to 15·4)
3· 0 (1·2 to 4·8)

53·7 (48· 4 to 59·1)
46·3 (40· 9 to 51·6)

46·3(40· 9 to 51·6)
53·7(48· 4 to 59·1)

%/mean (95% ci)

PAH

ϭϬ͘ϯϴ

ϳϭϱϬ͘ϭϭ

ϳϬϬϳ͘ϭϵ

ϴ͘ϲϵ

ϭϭϵ͘ϵϱ

ϭϯϴϬ͘ϲϱ

ϴ͘ϱϭ

ϭ͘ϯϭ

ϭϱ͘ϯϴ

ϮϬϭϰ

0·76

0·85

0·00

0·81

P
0·05

ϭϬ͘ϵϭ

ϳϵϯϬ͘ϳϰ

ϳϳϵϴ͘ϯϬ

ϴ͘ϱϮ

ϭϯϮ͘ϭϰ

ϭϱϱϬ͘ϯϲ

ϴ͘ϯϴ

ϭ͘ϰϳ

ϭϳ͘ϱϯ

ϮϬϭϲ
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ϮϬϭϳ

ϭϭ͘ϲϳ

ϴϲϮϱ͘ϯϲ

ϴϳϭϭ͘ϮϬ

ϴ͘ϰϵ

ϭϯϵ͘ϵϬ

ϭϲϰϳ͘ϳϲ

ϴ͘ϱϳ

ϭ͘ϲϮ

ϭϴ͘ϵϮ





Township hospital
County/district hospital
City hospital
Provincial+
Private hospital
Others
HHD below poverty line
Yes
No
Smoke currently
Yes
Quit
Never smoke
Age (in log transformation)
Density of staff
Density of bed
log of consumexp_pc
Time used to closest hospital
Body mass index
Self-assessed health score

6·2 (5·9to 6· 5)
2·9 (2·7to 3· 15)
0·8 (0·7to 0· 9)
0·4 (0·3to 0· 4)
0·0 (0·0to 0· 0)
0·5 (0·4to 0· 6)
3·3 (3·1to 3· 5)
96·7 (96·5to 96·9)
21·7 (21·2to 22·2)
3·3 (3·1to 3· 5)
75·1 (74·5to 75·6)
3·8 (3·8to 3· 8)
6·0 (6·0to 6· 1)
7·3 (7·2to 7· 3)
9·1 (9·1to 9· 1)
6·5 (6·5to 6· 6)
24·15 (24·1to 24· 2)
82·1 (81·9to 82·3)

6· 3 (6·0to 6·6)
2· 9 (2·7to 3·1)
0· 8 (0·7to 0·9)
0· 4 (0·3to 0·4)
0· 0 (0·0to 0·0)
0· 5 (0·4to 0·6)

3· 5 (3·3to 3·7)
96·5 (96· 3to 96·7)

20·7 (20· 3to 21·2)
3· 7 (3·5to 3·9)
75·5 (75· 0to 76·0)
3· 8 (3·8to 3·8)
6· 0 (6·0to 6·1)
7· 3 (7·2to 7·3)
9· 1 (9·1to 9·1)
6· 5 (6·5to 6·6)
24·2 (24· 1to 24·2)
81·1 (80· 9to 81·3)

ϭϭϭ

12·7 (11· 5to 13·9)
7· 6 (6·7to 8·6)
79·6 (78· 2to 81·1)
4· 0 (4·0to 4·0)
6· 0 (5·9to 6·2)
7· 3 (7·2to 7·5)
9· 2 (9·2to 9·2)
6· 6 (6·4to 6·8)
24·3 (24· 1to 24·4)
71·8 (71· 1to 72·6)

5· 3 (4·5to 6·2)
94·7 (93· 8to 95·5)

7· 3 (6·4to 8·3)
2· 3 (1·8to 2·9)
1· 2 (0·8to 1·6)
0· 5 (0·2to 0·7)
0· 0 (0·0to 0·0)
0· 55 (0·3to 0·8)

0·00
0·97
0·34
0·00
0·31
0·13
0·00

0·00

0·00

12·7 (11·5to 13·9)
7·6 (6·7to 8· 6)
79·6 (78·2to 81·1)
4·0 (4·0to4·0)
6·0 (5·9to 6· 2)
7·3 (7·2to 7· 5)
9·2 (9·2to 9· 2)
6·6 (6·4to 6· 8)
24·3 (24·1to 24·4)
71·8 (71·1to 72·6)

5·3 (4·5to 6· 2)
94·7(93·8to 95·5)

7·3 (6·4to 8· 3)
2·3 (1·8to 2· 9)
1·2 (0·8to 1· 6)
0·5 (0·2to 0· 7)
0·0 (0·0to 0· 0)
0·55 (0·3to 0·8)

12·8 (11· 5to 14·0)
7· 27 (6·3to 8·3)
80·0 (78· 4to 81·5)
3· 9 (3·9to 4· 0)
6· 0 (5·9to 6·2)
7· 3 (7·2to 7·5)
9· 2 (9·2to 9·25)
6· 7 (6·5to 6· 9)
24·2 (24· 1to 24·4)
72·8 (72· 0to 73·5)

5· 1 (4·3to 6·0)
94·9 (94· 0to 95·7)

7· 6 (6·6to 8·6)
2· 3 (1·7to 2·9)
1· 2 (0·75to 1·6)
0· 5 (0·2to 0· 8)
0· 0 (0·0to 0·0)
0· 50 (0·2to 0·8)

12·5 (9·0to 16·1)
10·45 (7· 2to 13·7)
77·0 (72· 5to 81·5)
4· 15 (4·1to 4·2)
6· 1 (5·7to 6· 6)
7· 5 (7·1to 7· 9)
9· 2 (9·1to 9· 3)
6· 5 (5·9to 7· 0)
24·4 (24· 0to 24·8)
64·7 (62· 8to 66·6)

6· 9 (4·2to 9· 6)
93·1 (90· 4to 95·8)

5· 4 (3·0to 7· 8)
2· 7 (1·0to 4· 4)
1· 5 (0·19to 2·8)
0· 3 (-0· 3to 0·9)
0· 0 (0·0to 0· 0)
0· 9 (-0· 1to 1·9)

0·00
0·58
0·40
0·53
0·51
0·44
0·00

0·12

0·19
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0.020
0.019
0.25

0.001

0.011

0.017
0.024
0.72
28571

0.008
0.009
0.010
0.013
0.003

0.005

0.005

-0.024
-0.057
-0.054
-0.101
0.027

0.020

-0.003

-0.023 to 0.056
-0.014 to 0.062
-0.10 to 0.96

0.010 to 0.012

-0.040 to -0.007
-0.074 to -0.040
-0.074 to -0.033
-0.127 to -0.075
0.021 to 0.033

0.007 to 0.027

-0.013to 0.007

95% CI
0.571 to 0.607

0.410
0.218
0.004

<0.001

0.004
<0.001
<0.001
<0.001
<0.001

0.001

0.520

Pvalue
<0.001

28571

0.0002
-0.0014
0.002
-0.0004
-0.0001

-0.003
-0.006
-0.007
-0.010
0.003

0.002

-0.001

0.0002
0.001
0.001
0.0001
0.0000

0.002
0.002
0.003
0.003
0.001

0.002

0.001

SE
0.004

-0.0002 to 0.0005
-0.003 to -0.00002
0.0005 to 0.0034
-0.0006 to -0.0001
-0.0002 to -0.0001

-0.007 to 0.001
-0.011 to -0.002
-0.012 to -0.002
-0.015 to -0.004
0.002 to 0.005

-0.001 to 0.005

-0.004 to 0.001

95% CI
0.026 to 0.041

ME
0.033

SE
0.009

ME
0.589

0.330
0.047
0.010
0.003
<0.001

0.150
0.007
0.010
0.001
<0.001

0.120

0.374

Pvalue
<0.001



ϭϭϮ

Table 6.3 was calculated by authors with eprobit model in Stata 15. Wald chi2=160.86, p value<0.00. Based on results of eprobit, marginal effect was calculated.
ME=marginal effect; SE=standard error; ACSC= ambulatory care sensitive condition. BMI=body mass index. UEBMI=Urban Employee Basic Health Insurance. URBMI=Urban Resident Basic
Medical Insurance. NCMS: New Rural Cooperative Medical Scheme. ref.=reference. Corr.=Correlation.

Number of Observations

Corr.(having NCDs, having ACSC admission)

URBMI/NCMS

UEBMI

Health insurance (ref.=no health insurance)

Self-reported health score

Time to closest health facility

Hospital bed density

Physician density

Consumptive expenditure per capita
(in log transformation)
BMI

College/university and above

Senior high school

Middle school

Primary school

Education (ref.=no formal education)

Rural

Region (ref.=urban)

Female

Sex (ref.=male)

Age (in log transformation)

Outcome equation
(If having avoidable hospitalisation)

Selection equation
(If having NCDs)

Table 6.3 Probability of NCDs prevalence and incidence of potentially avoidable hospitalisation: result from eprobit model, Shandong, China,
2018
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Figure 6.4 Marginal effects of selected socio-economic characteristics on potentially
avoidable hospitalisation
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6.4 Discussion
To the best of our knowledge, this study provides the first investigation into trends in
incidence of PAH and associated cost as well as underlying macro level forces behind
observed changes in PAH in mainland China. This is also the first study to examine the
determinants of PAH using micro level data in the country. Our findings fill several important
gaps in related literature. We showed that up to 9% of inpatient resources in 2017 were spent
on discharges that were potentially avoidable. In monetary terms, this constituted about 140
billion CNY and an equivalent of a 16 % annual increase from the 20 billion CNY spent in
2004. PAH incidence was as high as 11.67 cases per 1000 residents in 2017, and this
represented a 4-fold increase over the rate for 2004. 80% of the observed 4-fold increase in
PAH was drove by increased utilisation rate of inpatient care, while the remaining 20% was
attributable to population growth, ageing and disease prevalence. Meanwhile, the share of
PAH in total hospital admission has grown from 6.86% to 8.57%.
Generally, PAH was more prevalent in China than in other countries. The OECD average
PAH incidence rate for asthma and COPD was 2.4 cases per 1000 population, while Japan
had the lowest (0.6 case per 1000 population) and Hungary the highest (4.3 per 1000
population) among OECD countries (OECD 2017). In our study the corresponding rate is 4.3
per 1000 population. For the six health conditions captured in our study (angina, asthma,
congestive heart failure, COPD, hypertension and DM), among European countries, the rate is
the highest for Denmark (with PAH rate of 9.4 per 1000 inhabitants). The respective rates for
England, Slovenia, Spain, and Portugal, were 5.6, 6.2, 4.7 and 3.5 per 1000 inhabitants
(Thygesen et al. 2015). The potentially avoidable diabetes hospitalisation rate in OECD was
1.4 per 1000 population, a slight reduction compared to 2010; however, the rate of that was
3.1 per 1000 population and grows at an annual growth of 11% in our analysis.
Higher incidence of PAH may reflect higher prevalence for those particular diseases in the
population. However, our analysis discovered that the high incidence of PAH in China is
rather related to unsatisfactory access and delivery of primary care, which leads to
deterioration of health conditions and to over-utilisation of hospitals. Over the past decade
PAH in China has increased by 1.3 million episodes. Consistent with a previous study, the
overwhelming share (81.2%) of the increase in admission in China from 1990 to 2016 was
caused by increased utilisation rates (Moses et al. 2019). The rapid and large increase in PAH
had also driven the soaring hospitalisation costs. For example, if ACSC admission had been
ϭϭϰ
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prevented, the country could have saved as much as 140 billion CNY in 2017 alone, by way
of reduction in hospitalisation expenditure. These gains do not include the gains that could
have resulted from reduced sick days, improved school attendance, and productivity.
Between 2004 and 2017, both PAH episodes and related cost witnessed two-digit growth,
signifying that the opportunity for intervention through primary health care system still
remain not fully utilised, which contrasts with the overall goal of the 2009 health system
reform, which emphasised increased use of primary level services and directed huge
investment to the reconstruction of primary care network in the country.
As suggested in our analyses, an increase in physician density by 100 units can reduce the
likelihood of PAH incidence by as much as 14 percent. This is consistent with the findings of
previous studies (Burgdorf & Sundmacher 2014; Kim & Cheng 2018). Access to physician
resources, especially in primary care, could reduce the risk for PAH. However, primary care
facilities face substantial challenges in human resource, including low levels of training, high
rates of burnout, and insufficient payment, along with payment mechanism that do not reward
high-quality care, all of which lead to potential depletion of human resources. Many young
doctors intend to leave their position, while a large proportion of doctors in village clinics
work beyond retirement age (Li et al. 2017a).
Moreover, the quality of primary health care in China is still poorly characterised. For
example, there is a substantial gap in the management of hypertension and diabetes, two
conditions prioritised in the national basic public health service programme—a package of
care provided at primary health care facilities. Hypertension control rate was only 7%, and
around 30% are being treated (Lu et al. 2017). 36.5% of persons with diabetes were aware of
their diagnosis and 32.2% were treated; 49.2% of patients treated had adequate glycaemic
control (Wang et al. 2017). Low availability and few prescriptions with high values
medication which is less costly and recommended by guideline were reported in the Chinese
primary institutions, might partly explain the poor management of blood pressure in China. In
addition, patient dissatisfaction is still a major concern and reason for patients bypassing
primary health care institutions and go to hospitals.
China has higher bed supply with 5.4 beds per 1000 population (National Bureau of Statistics
2017), more than average level in OECD countries (5.1 hospital beds per 1000 population)
(OECD 2017). The weak gatekeeping practice in the primary care system along with higher
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hospital bed capacities mean that patients are more likely to be hospitalised with relatively
minor conditions such as ACSCs, especially when they live in a community that has more
hospital beds. This is probably the reason why our study shows high level of hospital bed
density as a strong predictor of the likelihood of PAH. A recent cross-national study among
23 European countries also reported that countries with a higher hospital bed supply had
higher admission rates for uncontrolled diabetes and long-term complications (Van Loenen et
al. 2016). Similar findings were also reported for Brazil where higher hospital bed density
was associated with higher PAH incidence rates (Macinko et al. 2011).
In addition, institutional attributes linked to health system level factors, such as the social
insurance policy and payment mechanism further contribute to the high incidence of PAH that
exist in the country. While the original intention of these schemes is to protect citizens against
catastrophic expenses during episodes of major illness and hospitalisation, the social health
insurance schemes fail to provide sufficient coverage for primary care or outpatient care,
which had led to over-use of inpatient services, even for minor health conditions. This in turn
has inhibited primary health care providers from playing an effective gatekeeping (providing
first-contact care) role for the health system (Li et al. 2012). However, there appears to be
opportunities for improvement in the horizon. According to government working group report
published in 2019, outpatient care for common chronic conditions like hypertension and
diabetes would be covered by medical insurance. However, the complex push and pull
mechanisms between ambulatory and inpatient care and their effects of health financing
should be explored further to better inform policy reforms that mitigate the high economic
burden of ACSC in the country.
Moreover, attention should be given to individual-level sociodemographic factors as they also
have impact on incidence of PAH as demonstrated in our analysis. For example, population
ageing had the largest impact on the likelihood of PAH, which means that further policy
efforts are needed to reduce disparities in access to primary care and providing more targeted
chronic care for high-risk patients and population groups. Our analysis discovered that a unit
increase in ln(age) would cause the likelihood of PAH by 3.3%. This has a huge policy
implication given ongoing demographic transition in the country, where the share of the
population aged over 65 will encounter a triple-fold increase between 2015 and 2050 (United
Nations 2017). It implies that as the country’s population age, PAH will become more
common in the future in China, posing greater challenging for health service delivery systems.
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On the other hand, given the positive impact of education on reducing the incidence of PAH,
there could be gains to the health system coming from the ongoing positive human capital
formation in the country. Many studies have demonstrated that people with higher education
are less likely to be hospitalised for an ACSC (Zhan et al. 2004), since highly educated people
usually have greater awareness and knowledge of the local health system and disease
processes, and may therefore seek earlier medical treatment.
The study is not without limitation. Firstly, this study gives no consideration to the severity of
illness when estimating avoidable hospitalisation incidence. Also, due to the nature of the
available data the identification of ACSC was based on disease names rather than based on
ICD-10 codes, which may compromise the accuracy of the conditions considered for analysis.
Secondly, our analysis examined potential inpatient care savings, but did not account for the
extra costs needed to bolster the current primary care system to offset PAHs. Thirdly, the
findings regarding determinants of PAH at individual-level using the NHSS was limited to
Shandong province, which may not be representative of the country as a whole, given the vast
diversity in socioeconomic and demographic profile of China’s provinces. Future analysis
using national-wide data or specific area-data may be necessary.
In conclusion, the findings from this study add to the evidence and the urgency of developing
and implementing effective interventions to improve delivery of health care at the community
level and provided support to the usefulness of PAH to monitor for this process. Due to
absence of a highly qualified primary health system, the new round of healthcare system
reform in 2009 has failed to curb the increasing PAHs in China, We have shown that PAH
has increased 4-fold, while cost had risen even more, 6-fold, both of which could be avoided
if a timely and effective primary health systems could be instituted. Hence, strengthening
primary health system should be highly prioritised. Besides, health system factors, like
perfecting health resource allocation between human being and hospital bed, and individuallevel sociodemographic factors, like education, can help address the huge challenge of PAH
for the health system.
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The pursuit of efficiency has become a core preoccupation of health policy makers in China
where health expenditure has been growing at a double-digit rate since 2008 due to increasing
health demands. The new round of healthcare reform in 2009 accorded special focus on
tackling rising medical costs and improving the efficiency of resource use and health care
access issues, with the goal of eventually building a universal healthcare system by 2020.
Further emphasis on health system efficiency and equity as a tool for achieving a range of
ambitious health targets is evident in the Healthy China 2030 Plan. However, currently
evidence on health system efficiency is limited. To fill this gap, this study has come into
being.
To investigate health system efficiency in China, research was conducted at the macro level
to examine TE, productivity of provincial health systems, with a holistic approach and
focusing on health outcomes related to child health, maternal health and NCDs. Also, the
concept of PAH has been borrowed to examine AE at the macro level, and further to identify
its micro level determinants. Specifically, the study assessed TE in 2015, the most recent
period for which data was available for the research, and examined changes in productivity
between 2004 and 2015 with the aim of investigating the impacts of the 2009 healthcare
reform on the performance of provincial health system in mainland China. It also identified
the potential environmental factors that affect the efficiency of the country’s health systems.
Additionally, through analysis of PAH, and its macro- and micro-level determinants for
chronic diseases, the study also examined recent practices in AE in the Chinese health system.
In this chapter a further integration of the findings from my research is presented to highlight
the original contributions of the research to knowledge and the resulting implications for
policy and future research.

7.1 Contribution to knowledge
7.1.1 For the first time, the study determined scale and technical efficiency of
China’s health system, covering the entire country and a broad spectrum of
health outcomes
•

Efficiency was assessed using a joint rather than single health system outcome

Prior studies examining health system efficiency in China by and large were focused on
activities rather than health outcomes, and the few that were based on health outcomes were
largely focused on a single outcome (such as maternal or child health) that ignored other
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broader roles that the health system plays, such as in the prevention and control of NCDs.
The thesis distinguishes itself from these other studies as it adopts a holistic approach and
focuses on outcomes as opposed to activities in measuring TE. Specifically, I measured
health system level outcome with a focus on child health, maternal health and NCD-related
health conditions. These conditions represent major public health concerns in China. About
87% of total deaths in China are due to NCDs, and significant health gaps still exist in child
health and maternal health across provinces. Additionally, all three health outcome indicators
represent major areas of focus in the country’s health sector agenda (i.e., the Healthy China
2030 Plan) and are of high policy significance.
Analysis of TE was conducted following the DEA approach. In the DEA model, outputs are
understood to represent “more is better”. Hence, the conventional measures of IMR and
MMR had been transformed into measures of infant health and maternal health, and
HLY_NCDs had been generated from morbidity and premature mortality for NCDs. For the
input portion, the number of medical personnel per 1000 residents, the number of hospital
beds per 1000 residents and the health expenditure per capita were used.
•

China’s overall health system performance was evaluated, provincial variations
and potential for improvement was demonstrated

On the whole, PTE was very high as was evident from the bias-corrected PTE estimate.
However, the existence of high scale inefficiency, which was estimated to be around 13.47%,
meant that OTE was rather low (0.8022). The combined result suggests that health outcome
could be improved by as much as 20%, if the country is able to address scale inefficiency
through optimising scale of input. This is also supported by results obtained from the analysis
on RTS which showed that the majority of the country’s provinces (about 58%) operated at
DRS, while only 42% operated at MPPS. As confirmed by further analysis, the most scale
efficient provinces tend to have lower health worker and hospital bed densities. There is a
statistically significant difference in the means of the number of medical personnel and
hospital beds between scale efficient provinces and scale inefficient provinces, which means
that a gain in efficiency can be achieved by scaling down operational size.
There are clear inter-regional variations in health system efficiency. Tianjin, Guangdong and
Hainan in the east, and Yunnan and Tibet in the west were the best performers (with biascorrected OTE scores of 0.92 or greater), whereas Inner Mongolia, Sichuan, Qinghai and
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Xinjiang in western China, along with Liaoning, Heilongjiang, Shandong and Hubei, with
bias-corrected OTE of 0.75 or less, were the least performing provinces. Interestingly,
economically advanced provinces, such as Beijing, Shanghai, Zhejiang, and Jiangsu were
outperformed by their counterparts in the eastern part of the country.
•

Role of health financing, model of service provision and non-health sector inputs
had been determined

Factors such as per capita disposable income, educational attainment, urbanisation, financial
protection (represented by the percentage of OOP in THE), and health service utilisation
pattern measured by admission rate, considered in the second stage of the DEA analysis
revealed that OTE levels were negatively and significantly affected by SES index, percentage
of OOP in THE, and hospital admission rate.
7.1.2 For the first time, the study compared productivity during pre-andpost
2009 health reform era
•

Health system productivity had deteriorated following the new healthcare
reform

To examine health system efficiency from a dynamic perspective and assess changes in
productivity before and after 2009 healthcare system reform, the cross-sectional single period
efficiency analysis was extended through making use of multiple data points, and a
methodology capable of measuring efficiency changes over time. Results indicated that
productivity had deteriorated over the study period, particularly after the implementation of
the new healthcare system reform in 2009. The decline in productivity was mainly
attributable to a decline in scale of technology, which did offset the steady improvement in
SE observed in the same period.
However, productivity change varied substantially across provinces. 28 of the 31 provinces
experienced substantial deterioration in their productivity. Only three provinces, namely
Beijing which registered the largest annual improvement in productivity of 2.09%, followed
by Shanghai (2.07%) and Tianjin (0.63%), witnessed increasing productivity over the 11
years under scrutiny, which was fostered by changes in RTS, or to be exact by improvements
in SE, with annual growth rate ranging from 8.61% in Tianjin to 10.68% in Beijing. All the
three provinces are well known for their economic and social advancement. The remaining
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28 provinces witnessed negative growth in productivity, ranging from -11.10% in Guizhou to
-3.94% in Liaoning. Except Anhui, Henan and Chongqing, most of the 28 provinces made
advantage of increased SE, but the gains from SE still failed to offset the huge decline caused
by scale of technology. However, for Anhui, Henan and Chongqing, the chance for
improving productivity via improving SE was not seized.
However, more worthy noting was the fact that although provinces like Guizhou, Hubei and
Jiangxi had the same level of health resources as those of Gansu and Hebei, did not achieve
as much progress in productivity as their counterparts. Moreover, it was observed that
provinces such as Henan, Guizhou and Chongqing which are less endowed in terms of health
resources did not seize the opportunity of improving SE as much as their counterparts like
Hebei, Gansu and Jiangxi that also had similar resource constraints.
•

Potential factors affecting productivity had been identified

A bootstrapping Tobit regression analysis further confirmed that the introduction of the new
healthcare system reform in 2009 in China had not exerted positive effects so far on
productivity and scale of technology, but had significant positive effects on SE. MPI, SEC
and STC were positively correlated with level of economic development, whereas population
ageing and educational attainment had negative effects on MPI and SEC, but positive effects
on STC. The percentage of OOP in THE showed negative effects on MPI and its two
components (SEC and STC), while ratio of staff to bed showed positive effects on MPI and
SEC, but negative effects on STC.
7.1.3 For the first time, the efficiency of China’s health system with a specific
focus on NCD outcome was examined and provincial variation was revealed
•

Productivity and efficiency had declined across several provinces during 2008-15

The productivity and efficiency of the health system in producing health may depend on the
type of service and the population group or groups being served by these services. Therefore,
as an extension to the previous analysis, which was based on joint health outcome, separate
analysis on health system performance was undertaken, focusing specifically on prevention
and control of NCDs as an output of interest at a system level. Health output was measured in
the analysis using a health outcome known as HLY_NCDs. This is a measure that considers
only morbidity and premature mortality that were due to NCDs when calculating healthy life
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years. To ensure correspondence between inputs and outputs of the model, all input variables
were restricted to those that were directly linked to the prevention and control of NCDs. For
example, the density of hospital beds was calculated excluding beds in departments not
serving NCD patients (e.g., gynaecology and obstetrics).
Generally, PTE was relatively high (about 0.97). However, because of the low level of SE
(i.e., 0.7584) that existed in most provinces OTE was relatively low (around 0.71). There was
substantial variation in efficiency and productivity across the 31 provinces. Provinces, such
as Inner Mongolia, Heilongjiang, Qinghai, Ningxia, and Xinjiang, had relatively low PTE
score. Similarly, scale inefficiency was high in Xinjiang, Beijing, Liaoning, Inner Mongolia
and Qinghai provinces. The analysis suggests that if these provinces were able to adjust input
levels to the optimum scale they could reduce the burden of NCDs by as much as 26%
without the need for injecting any additional input to the system. However, despite the
existence of scale inefficiency in selected provinces, the overall score has improved over the
years, and had positive impact on productivity. Yet the much faster decline in scale of
technology, which averaged around 10.24% per annum, meant that the improvements in SE
were not large enough to sustain improvements in overall productivity in the country. During
the study period, over-all productivity declined at an annual rate of 7.57%.
•

Efficiency and productivity of NCD specific outcome are linked to investments in
health and human capital

Provinces, who invest a greater share of GDP on health, have higher physician to hospital
bed ratio and are home to relatively well-educated residents, are likely to perform better than
their counterparts. On the contrary, high physician to nurse ratio, high rates of old age
dependency, high rates of urbanisation and high share of OOP in THE tend to affect OTE and
SE adversely. This suggests that health system performance can be achieved by optimal
allocation of health resources, favourable financial protection mechanisms, and actions
beyond the health sector (such as investment on education).
7.1.4 The extent of allocative inefficiency and its micro and macro level
determinants were identified for the first time
•
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Allocative inefficiency was approximated borrowing the concept of PAH. This represented
admission to a hospital of a patient that could have been potentially prevented if timely and
effective primary care and disease management services were to be available for the patient.
Level of PAH is a good indicator of problems associated with access to a timely and effective
primary care. The analyses indicated that the volume of PAHs currently amounted to 11.67
per 1000 population, which represented a 4-fold increase over the rate for 2004. In relative
terms, the share of PAHs in total hospital admission has gone up from 6.86% in 2004 to 8.57%
in 2017. Currently, 8.49% of hospital resources are wasted due to PAHs, and total spending
on PAHs has grown from 19.86 billion CNY in 2004 to 139.90 billion CNY in 2017,
representing an increase of 16.20% per annum. PAH is more prevalent in China compared to
other countries, such as Denmark, England, Slovenia, Spain, Portugal, Japan and Italy.
The decomposition analysis found that 80% (1.0 million episodes) of the observed 4-fold
increase (1.3 million episodes) in PAHs was caused by increased utilisation of services, while
the remaining 20% was attributable to population growth, ageing and changes in the
prevalence of chronic conditions. Specifically, population ageing and population growth
contributed a 12.24% and a 4.73%, respectively, while changes in disease prevalence
contributed the remaining 3.48%. The role of the four components of change differed in
magnitude according to the health condition under consideration. For hypertension and
asthma, about a 44.42% and a 27.50% of the change were due to changes in prevalence rates,
while the contribution of population ageing was relatively minor and in the opposite direction,
-1.73% and -7.29%, respectively. On the other hand, approximately 60% of the increase in
hospitalisation cost was driven by increased utilisation rates, followed by health price
inflation (14.34%), and the increased cost of services per unit (12.32%). The remaining
proportion was shared among the three factors: population growth, ageing and prevalence.
•

Micro-level determinants of avoidable hospitalisation

A variant of selection model, eprobit model, was implemented to examine individual/microlevel determinants of PAHs, using data for population aged 15 years and over. The findings
suggest that better access to physician resources, especially in primary care, could reduce the
risk for PAHs for individuals. Secondly, in China, as observed elsewhere (Brazil, OECD
study), hospital bed density increased the likelihood of PAH. The weak gatekeeping practice
in the primary care system along with higher hospital bed capacities mean that patients are
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more likely to be hospitalised with relatively minor conditions such as ACSCs, especially
when they live in a community that has more hospital beds.
PAH was also linked to education level and age profile of the population. Firstly, population
ageing had the largest impact on the likelihood of PAH. It is estimated that a unit increase in
ln(age), tend to increase the likelihood of an PAH by 3.3%, which has a huge policy
implication given ongoing demographic transition in the country, which will see the share of
the population aged 65 years and over triple between 2015 and 2050. Secondly, people with
higher education are less likely to be hospitalised for an ACSC, since highly educated people
usually have greater awareness and knowledge of the local health system and disease
processes, and may therefore seek medical treatment earlier.

7.2 Implications for policy
Improving health system efficiency and productivity is crucial for achieving value for money
and improving population health across China and internationally. The present study
demonstrated that there is still room for improving health system efficiency and productivity
in China. The fact that productivity is still low and has further deteriorated since the
introduction of the new healthcare reform clearly points to the challenges that remain ahead.
At the same time, the trends in health expenditure which continue to expand faster than the
GDP along with ageing and increasing NCDs burden mean that the country needs to learn
new ways of containing cost if it has to avoid losing the gains in health outcome that has
enjoyed in recent years. Given the pervasive diminishing return that exists across China,
health policy makers must shift the focus on treating people to preventing diseases and
exploring the optimum operation which ensures that resource allocation is people-centred.
There are several options that can ensure continuous improvement in SE. The first is by way
of improving the way resources are allocated within the health system. Most provincial
systems exhibited DRS, which implied that increased input levels can only generate a smaller
increase in health outcomes. It seems provinces are more likely to have scale inefficiency
when the number of hospital bed was greater than 5.0 per 1000 residents. Hence, provinces,
particularly those with low resource intensity, may benefit from reducing resources invested
in infrastructure or equipment (e.g., hospital beds).



ϭϮϳ

Conclusion

Secondly, quality improvement efforts are needed to optimise allocation of human and other
resources in health systems (such as hospital beds). Optimal ratio of medical professional to
infrastructural resources (such as hospital beds) can improve both SE and productivity,
primarily because investment on healthcare workers, especially in primary health care
settings, is the most-effective way to improve equity in access to essential healthcare service
(The Lancet 2018). Currently, the Chinese health delivery system is hospital-centred and
fragmented, and resources are concentrated at high level hospitals. A shift to primary carecentred and integrated delivery system is more responsive to the challenges of urbanisation,
industrialisation, population ageing, and the growing burden of NCDs (Yip & Hsiao 2014).
As suggested in the study, failure to operate at an optimal scale of technology is a major
hindrance to health system productivity growth. Hence, policy makers should strive to
introduce and expand cost-effective and improved technologies to improve health system
productivity in the country. Currently, the Chinese government is promoting the integration
of new technologies into the healthcare system through policies such as its Internet Plus
healthcare strategy, which is expected to accelerate interconnectivity and sharing of medical
information among health providers while at the same time strengthening supervision in the
country (The State Council the People's Republic of China 2018). It is believed that the
adoption and promotion of health information technology can lower health spending, promote
quality of care and improve efficiency and help achieve productivity growth (Anderson et al.
2006; Bardhan & Thouin 2013). Moreover, regarding the expansion of cost-effective
technologies, policy makers in China should take the time to formally develop and make
good use of HTA to meet the need for disinvestment of inefficient technologies, and
investment in efficient ones.
Health financing arrangements should also be fully considered. As I have demonstrated in the
study, higher OOP spending as percentage of THE does harm to the health system and
adversely affects people’s wellbeing. A public financing-dominated care system is more
suited to create a more efficient production of health. This is intuitive because a public
financing arrangement enables maximum resource pooling, benefits from economies of scale,
and provides equal access to health services. These in turn improves service utilisation and
health outcome for the population. In recent years, the Chinese government has
acknowledged that the current financial risk associated with health is high in China, and
further efforts to improve public financing have been stressed. According to the Healthy
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China 2030 Plan, the percentage of OOP in THE is planned to be reduced from 29% in 2015
to 25% by 2030.
As stated earlier, allocative inefficiency remains an inherent feature of China’s current health
care delivery system. Currently, 1.62 million admissions are considered potentially avoidable
nationally in 2017, which means that they could be avoided if there is a good primary health
care system in place, and as much as 140 billion CNY could be saved. Over the period 2004
to 2017, both PAH and related cost grew at two-digital rates, signifying that the opportunity
for intervention through primary health care system still remain underutilised, which
contrasts with the overall healthcare reform goals in 2009. Health system factors, like
perfecting health resource allocation between human being and hospital bed, and individuallevel sociodemographic factors, like education, can help address the huge challenge of
soaring PAHs for the health system. The findings from this study add to the evidence and the
urgency of developing and implementing effective interventions to improve delivery of
health care at the community level and provide support to the usefulness of PAHs for ACSC
to monitor for this process.
Finally, effort to improving health system efficiency and productivity should also focus on
social determinants of health such as education, urbanisation and ageing. Healthy in all
Polices has been proposed in the Healthy China 2030 Plan, which recognise the role of these
factors affords a good opportunity for mobilising resources from other public sectors to
participate in the campaign for improving and guaranteeing people’s health and wellbeing in
China.
As a national medium and long term health blueprint, Healthy China 2030 Plan is a
momentous platform for building a well-functioning health system in China, and reaching a
health standard on par with developed countries with good value for money. As a response
to UN SDGs, the implementation of Healthy China should make the most of UHC strategy,
the most revolutionary aspect of SDGs goal 3.

7.3 Recommendations for future research
While this study has made an attempt to examine health system efficiency and productivLWy
as exhaustively as possible, several limitations remain, and these represent opportunities for
future study. First, the current study has only looked at health system efficiency and
productivity at a provincial level, mainly due to data limitations. Further analysis focusing on
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county levels is necessary given variations in health inputs and outputs as well as different
administration capacity within each province. As the last tier of China’s health administration,
governments at county levels issue and execute plans and decisions within their jurisdiction,
and are decentralised to have authority to some extent in terms of, for example, health
resource allocation. Study examining health system efficiency and productivity at those
levels will help county governments determine where their health system is doing well and
where it is falling short and in turn generate a body of evidence that will guarantee the
achievement of the country’s 2030 Health agenda with greater efficiency.
Second, in this analysis the primary DMUs (i.e., provinces) are assumed to be independent of
each other, which may not be the case. Hence, a spatially sensitive efficiency model, such as
those developed for SFA (Kinfu & Sawhney 2015) can be considered in future studies. Third,
this study focuses on examining the impact of healthcare reform on health system
productivity but could not confirm a causal relationship between them. Studying the causality
between healthcare reform and health system productivity requires randomised controlled
trials or quasi-experiments, which can be considered in future study. Fourth, there are many
potential factors that have impact on health and health system productivity, but due to data
limitation, the current study were unable to capture all important factors, such as government
effectiveness, health system stewardship and leadership.
Fifth, in the current study on AE I took no account of severity of illness and used disease
names rather than ICD-10 codes for identifying health conditions for analysis. Also, because
of the aggregate nature of the data used for analysis, multiple episodes by the same patient
were not separately identified. Furthermore, while the analysis had examined potential
inpatient care savings, the study did not estimate the extra costs needed to bolster the current
primary care system to deal with avoidable hospitalisations. Lastly, the findings regarding
micro-level determinants of avoidable hospitalisation were based on survey data from a
single province (i.e., Shandong province), which may not be representative of the entire
country as China is a vast and diverse country. Further analysis using national-wide data or
specific area-data may be necessary.
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ĐŚŽŬŝd͕,ŽǀĞůƐ͕DĂƐŝǇĞ&͕ĞƚĂů͘ϮϬϭϳĂ͘dĞĐŚŶŝĐĂůĂŶĚƐĐĂůĞĞĨĨŝĐŝĞŶĐǇŝŶƚŚĞĚĞůŝǀĞƌǇŽĨĐŚŝůĚŚĞĂůƚŚƐĞƌǀŝĐĞƐ
ŝŶĂŵďŝĂ͗ƌĞƐƵůƚƐĨƌŽŵĚĂƚĂĞŶǀĞůŽƉŵĞŶƚĂŶĂůǇƐŝƐ͘D:KƉĞŶ͗ϳ͘
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ŐĞŶĐǇĨŽƌ,ĞĂůƚŚĐĂƌĞZĞƐĞĂƌĐŚĂŶĚYƵĂůŝƚǇ͘ϮϬϬϳ͘,ZYYƵĂůŝƚǇ/ŶĚŝĐĂƚŽƌƐ͘'ƵŝĚĞƚŽWƌĞǀĞŶƚŝŽŶYƵĂůŝƚǇ
/ŶĚŝĐĂƚŽƌƐ͘
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ŵŽĚĞůƐ͘:ŽƵƌŶĂůŽĨĐŽŶŽŵĞƚƌŝĐƐ͕ϲ͗ϮϭͲϯϳ͘
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ůůŝŶ^͕sĞŝůůĂƌĚ:͕tĂŶŐ>͕'ƌŝŐŶŽŶD͘ϮϬϭϱ͘,ŽǁĂŶ,ĞĂůƚŚ^ǇƐƚĞŵĨĨŝĐŝĞŶĐǇĞ/ŵƉƌŽǀĞĚŝŶĂŶĂĚĂ͍,ĞĂůƚŚĐ
WŽůŝĐǇ͕ϭϭ͗ϯϯͲϰϱ͘
Ŷ͕zŽŶŐ͘ϮϬϭϮ͘Z^Z,KE&&//EzK&,/E^D/>,>d,^Zs/^ʹ^KEE>z^/^
K&WZKhd/KE&hEd/KE͘ƵƌŽƉĞĂŶ^ĐŝĞŶƚŝĨŝĐ:ŽƵƌŶĂů͕^:͕ϴ͘
ŶĚĞƌƐŽŶ'&͕&ƌŽŐŶĞƌ<͕:ŽŚŶƐZ͕ZĞŝŶŚĂƌĚƚh͘ϮϬϬϲ͘,ĞĂůƚŚĐĂƌĞƐƉĞŶĚŝŶŐĂŶĚƵƐĞŽĨŝŶĨŽƌŵĂƚŝŽŶ
ƚĞĐŚŶŽůŽŐǇŝŶKĐŽƵŶƚƌŝĞƐ͘,ĞĂůƚŚĨĨ;DŝůůǁŽŽĚͿ͕Ϯϱ͗ϴϭϵͲϯϭ͘
ŶƐĂƌŝ,͕ŶƐĂƌŝ͕,ƵƚƐŽŶ:D͕^ŽƵƚŚǁĞůůZ͘ϮϬϭϰ͘WŽƚĞŶƚŝĂůůǇĂǀŽŝĚĂďůĞŚŽƐƉŝƚĂůŝƐĂƚŝŽŶĨŽƌĐŽŶƐƚŝƉĂƚŝŽŶŝŶ
sŝĐƚŽƌŝĂ͕ƵƐƚƌĂůŝĂŝŶϮϬϭϬʹϭϭ͘D'ĂƐƚƌŽĞŶƚĞƌŽůŽŐǇ͕ϭϰ͗ϭϮϱ͘
ŶƚŚƵŶ<^͕<ŝƚƚĞůƐĞŶ^͕DĂŐŶƵƐƐĞŶ:͘ϮϬϭϳ͘WƌŽĚƵĐƚŝǀŝƚǇŐƌŽǁƚŚ͕ĐĂƐĞŵŝǆĂŶĚŽƉƚŝŵĂůƐŝǌĞŽĨŚŽƐƉŝƚĂůƐ͘ϭϲͲ
ǇĞĂƌƐƚƵĚǇŽĨƚŚĞEŽƌǁĞŐŝĂŶŚŽƐƉŝƚĂůƐĞĐƚŽƌ͘,ĞĂůƚŚWŽůŝĐǇ͕ϭϮϭ͗ϰϭϴͲϰϮϱ͘
ƐĂŶĚƵůƵŝ>͕ZŽŵĂŶD͕&ĂƚƵůĞƐĐƵW͘ϮϬϭϰ͘dŚĞĨĨŝĐŝĞŶĐǇŽĨ,ĞĂůƚŚĐĂƌĞ^ǇƐƚĞŵƐŝŶƵƌŽƉĞ͗ĂƚĂŶǀĞůŽƉŵĞŶƚ
ŶĂůǇƐŝƐƉƉƌŽĂĐŚ͘WƌŽĐĞĚŝĂĐŽŶŽŵŝĐƐĂŶĚ&ŝŶĂŶĐĞ͕ϭϬ͗ϮϲϭͲϮϲϴ͘
ƵĚŝďĞƌƚD͕DĂƚŚŽŶŶĂƚ:͕WĞůŝƐƐŝĞƌ͕,ƵĂŶŐyy͕DĂ͘ϮϬϭϯ͘,ĞĂůƚŚŝŶƐƵƌĂŶĐĞƌĞĨŽƌŵĂŶĚĞĨĨŝĐŝĞŶĐǇŽĨ
ƚŽǁŶƐŚŝƉŚŽƐƉŝƚĂůƐŝŶƌƵƌĂůŚŝŶĂ͗ŶĂŶĂůǇƐŝƐĨƌŽŵƐƵƌǀĞǇĚĂƚĂ͘ŚŝŶĂĐŽŶŽŵŝĐZĞǀŝĞǁ͕Ϯϳ͗ϯϮϲͲϯϯϴ͘
ƵƐƚƌĂůŝĂŶ/ŶƐƚŝƚƵƚĞŽĨ,ĞĂůƚŚĂŶĚtĞůĨĂƌĞ͘ϮϬϭϲ͘ƵƐƚƌĂůŝĂΖƐŚĞĂůƚŚϮϬϭϲ͘ƵƐƚƌĂůŝĂΖƐŚĞĂůƚŚ͘ĂŶďĞƌƌĂ͗/,t͘
ĂĚƵŶĞŶŬŽK͕DŽǌŚĂƌŽǀƐŬǇŝW͘ϮϬϭϲ͘EŽŶƉĂƌĂŵĞƚƌŝĐĨƌŽŶƚŝĞƌĂŶĂůǇƐŝƐƵƐŝŶŐ^ƚĂƚĂ͘^ƚĂƚĂ:ŽƵƌŶĂů͕ϭϲ͗ϰϬ͘
ĂĚƵŶĞŶŬŽK͕dĂƵĐŚŵĂŶŶ,͘ϮϬϭϴ͘^ŝŵĂƌĂŶĚtŝůƐŽŶƚǁŽͲƐƚĂŐĞĞĨĨŝĐŝĞŶĐǇĂŶĂůǇƐŝƐĨŽƌ^ƚĂƚĂ͘
ĂŶŬĞƌZ͕ŚĂƌŶĞƐ͕ŽŽƉĞƌtt͘ϭϵϴϰ͘^ŽŵĞDŽĚĞůƐĨŽƌƐƚŝŵĂƚŝŶŐdĞĐŚŶŝĐĂůĂŶĚ^ĐĂůĞ/ŶĞĨĨŝĐŝĞŶĐŝĞƐŝŶ
ĂƚĂŶǀĞůŽƉŵĞŶƚŶĂůǇƐŝƐ͘DĂŶĂŐĞŵĞŶƚ^ĐŝĞŶĐĞ͕ϯϬ͗ϭϬϳϴͲϭϬϵϮ͘
ĂƌĚŚĂŶ/Z͕dŚŽƵŝŶD&͘ϮϬϭϯ͘,ĞĂůƚŚŝŶĨŽƌŵĂƚŝŽŶƚĞĐŚŶŽůŽŐǇĂŶĚŝƚƐŝŵƉĂĐƚŽŶƚŚĞƋƵĂůŝƚǇĂŶĚĐŽƐƚŽĨ
ŚĞĂůƚŚĐĂƌĞĚĞůŝǀĞƌǇ͘ĞĐŝƐŝŽŶ^ƵƉƉŽƌƚ^ǇƐƚĞŵƐ͕ϱϱ͗ϰϯϴͲϰϰϵ͘
ĂƚŝƐ͕^ŽƚƌĞƐͲůǀĂƌĞǌ͕'ŽƌĚŽŶͲ>ĂƌƐĞŶW͕ĞƚĂů͘ϮϬϭϰ͘>ŽŶŐŝƚƵĚŝŶĂůĂŶĂůǇƐŝƐŽĨĚŝĞƚĂƌǇƉĂƚƚĞƌŶƐŝŶŚŝŶĞƐĞ
ĂĚƵůƚƐĨƌŽŵϭϵϵϭƚŽϮϬϬϵ͘ƌ:EƵƚƌ͕ϭϭϭ͗ϭϰϰϭͲϱϭ͘
ĞĂŐůĞŚŽůĞZ͕ŽŶŝƚĂZ͕,ŽƌƚŽŶZ͕ĞƚĂů͘ϮϬϭϭ͘WƌŝŽƌŝƚǇĂĐƚŝŽŶƐĨŽƌƚŚĞŶŽŶͲĐŽŵŵƵŶŝĐĂďůĞĚŝƐĞĂƐĞĐƌŝƐŝƐ͘>ĂŶĐĞƚ͕
ϯϳϳ͗ϭϰϯϴͲϰϳ͘
ĞŝũŝŶŐZĞĂůǁŽƌĚ^ŽĨƚǁĂƌĞŽŵƉĂŶǇ>ƚĚ͘ϮϬϬϵ͘DĂǆhůƚƌĂϳ͘Ϭ͘Ϭ
ŚĂƚsE͘ϮϬϬϱ͘/ŶƐƚŝƚƵƚŝŽŶĂůĂƌƌĂŶŐĞŵĞŶƚƐĂŶĚĞĨĨŝĐŝĞŶĐǇŽĨŚĞĂůƚŚĐĂƌĞĚĞůŝǀĞƌǇƐǇƐƚĞŵƐ͘dŚĞƵƌŽƉĞĂŶ:ŽƵƌŶĂů
ŽĨ,ĞĂůƚŚĐŽŶŽŵŝĐƐ͕ϲ͗ϮϭϱͲϮϮϮ͘
ŝůůŝŶŐƐ:͕dĞŝĐŚŽůǌE͘ϭϵϵϬ͘hŶŝŶƐƵƌĞĚƉĂƚŝĞŶƚƐŝŶŝƐƚƌŝĐƚŽĨŽůƵŵďŝĂŚŽƐƉŝƚĂůƐ͘,ĞĂůƚŚĨĨ;DŝůůǁŽŽĚͿ͕ϵ͗ϭϱϴͲ
ϲϱ͘
ŝůůŝŶŐƐ:͕ĞŝƚĞů>͕>ƵŬŽŵŶŝŬ:͕ĞƚĂů͘ϭϵϵϯ͘/ŵƉĂĐƚŽĨƐŽĐŝŽĞĐŽŶŽŵŝĐƐƚĂƚƵƐŽŶŚŽƐƉŝƚĂůƵƐĞŝŶEĞǁzŽƌŬŝƚǇ͘
,ĞĂůƚŚĨĨ;DŝůůǁŽŽĚͿ͕ϭϮ͗ϭϲϮͲϳϯ͘
ůƵŵĞŶƚŚĂů͕,ƐŝĂŽt͘ϮϬϭϱ͘>ĞƐƐŽŶƐĨƌŽŵƚŚĞĂƐƚͶŚŝŶĂΖƐZĂƉŝĚůǇǀŽůǀŝŶŐ,ĞĂůƚŚĂƌĞ^ǇƐƚĞŵ͘EĞǁ
ŶŐůĂŶĚ:ŽƵƌŶĂůŽĨDĞĚŝĐŝŶĞ͕ϯϳϮ͗ϭϮϴϭͲϭϮϴϱ͘



ϭϯϯ

ŽƌŝƐŽǀ͕ŝĐĞĂ͕dƵƌůĞĂ͘ϮϬϭϮ͘DŽĚĞůĨŽƌƐƐĞƐƐŵĞŶƚĨĨŝĐŝĞŶĐǇŝŶWƌŽǀŝĚŝŶŐ,ĞĂůƚŚĂƌĞ͘DĂŶĂŐĞŵĞŶƚ
ZĞƐĞĂƌĐŚŶĚWƌĂĐƚŝĐĞ͕ϰ͗ϭϰ͘
ƵƌŐĚŽƌĨ&͕^ƵŶĚŵĂĐŚĞƌ>͘ϮϬϭϰ͘WŽƚĞŶƚŝĂůůǇĂǀŽŝĚĂďůĞŚŽƐƉŝƚĂůĂĚŵŝƐƐŝŽŶƐŝŶ'ĞƌŵĂŶǇ͗ĂŶĂŶĂůǇƐŝƐŽĨĨĂĐƚŽƌƐ
ŝŶĨůƵĞŶĐŝŶŐƌĂƚĞƐŽĨĂŵďƵůĂƚŽƌǇĐĂƌĞƐĞŶƐŝƚŝǀĞŚŽƐƉŝƚĂůŝǌĂƚŝŽŶƐ͘ƚƐĐŚƌǌƚĞďů/Ŷƚ͕ϭϭϭ͗ϮϭϱͲϮϯ͘
ĞƚŝŶsZ͕ĂŚĐĞ^͘ϮϬϭϲ͘DĞĂƐƵƌŝŶŐƚŚĞĞĨĨŝĐŝĞŶĐǇŽĨŚĞĂůƚŚƐǇƐƚĞŵƐŽĨKĐŽƵŶƚƌŝĞƐďǇĚĂƚĂĞŶǀĞůŽƉŵĞŶƚ
ĂŶĂůǇƐŝƐ͘ƉƉůŝĞĚĐŽŶŽŵŝĐƐ͕ϰϴ͗ϯϰϵϳͲϯϱϬϳ͘
ŚĂŝW͕ŚĂŶŐz͕tĂŶY͕ĞƚĂů͘ϮϬϭϱ͘ƐƚŝŵĂƚŝŽŶZĞƐƵůƚƐŽĨŚŝŶĂƵƌĂƚŝǀĞĂƌĞǆƉĞŶĚŝƚƵƌĞĂƐĞĚŽŶ^,ϮϬϭϭ͘
ŚŝŶĞƐĞ,ĞĂůƚŚĐŽŶŽŵŝĐƐ͕ϯϰ͗ϭϳͲϭϵ͘
ŚĂƌŶĞƐ͕ŽŽƉĞƌtt͕ZŚŽĚĞƐ͘ϭϵϳϴ͘DĞĂƐƵƌŝŶŐƚŚĞĞĨĨŝĐŝĞŶĐǇŽĨĚĞĐŝƐŝŽŶŵĂŬŝŶŐƵŶŝƚƐ͘ƵƌŽƉĞĂŶ:ŽƵƌŶĂů
ŽĨKƉĞƌĂƚŝŽŶĂůZĞƐĞĂƌĐŚ͕Ϯ͗ϰϮϵͲϰϰϰ͘
ŚĞŶD͕tĂŶŐ>͕ŚĞŶt͕ĞƚĂů͘ϮϬϭϰ͘ŽĞƐĐŽŶŽŵŝĐ/ŶĐĞŶƚŝǀĞDĂƚƚĞƌĨŽƌZĂƚŝŽŶĂůhƐĞŽĨDĞĚŝĐŝŶĞ͍ŚŝŶĂ͛Ɛ
ǆƉĞƌŝĞŶĐĞĨƌŽŵƚŚĞƐƐĞŶƚŝĂůDĞĚŝĐŝŶĞƐWƌŽŐƌĂŵ͘WŚĂƌŵĂĐŽĐŽŶŽŵŝĐƐ͕ϯϮ͗ϮϰϱͲϮϱϱ͘
ŚĞŶy͕dĂŶy͕>ŝ>͘ϮϬϭϯ͘,ĞĂůƚŚWƌŽďůĞŵƐĂŶĚKĐĐƵƉĂƚŝŽŶĂů^ƚƌĞƐƐĂŵŽŶŐŚŝŶĞƐĞŽĐƚŽƌƐ͘ŚŝŶĞƐĞDĞĚŝĐŝŶĞ͕
ϰ͗ϲ͘
ŚĞŶŐ͕ĂŝD͕dĂŽ,͕ĞƚĂů͘ϮϬϭϲ͘ĨĨŝĐŝĞŶĐǇĂŶĚƉƌŽĚƵĐƚŝǀŝƚǇŵĞĂƐƵƌĞŵĞŶƚŽĨƌƵƌĂůƚŽǁŶƐŚŝƉŚŽƐƉŝƚĂůƐŝŶ
ŚŝŶĂ͗ĂďŽŽƚƐƚƌĂƉƉŝŶŐĚĂƚĂĞŶǀĞůŽƉŵĞŶƚĂŶĂůǇƐŝƐ͘
ŚĞŶŐ͕dĂŽ,͕ĂŝD͕ĞƚĂů͘ϮϬϭϱ͘dĞĐŚŶŝĐĂůĞĨĨŝĐŝĞŶĐǇĂŶĚƉƌŽĚƵĐƚŝǀŝƚǇŽĨŚŝŶĞƐĞĐŽƵŶƚǇŚŽƐƉŝƚĂůƐ͗ĂŶ
ĞǆƉůŽƌĂƚŽƌǇƐƚƵĚǇŝŶ,ĞŶĂŶƉƌŽǀŝŶĐĞ͕ŚŝŶĂ͘D:KƉĞŶ͘
ŚŝŶĂEĂƚŝŽŶĂů,ĞĂůƚŚĞǀĞůŽƉŵĞŶƚZĞƐĞĂƌĐŚĞŶƚĞƌ͘ϮϬϭϳ͘ŚŝŶĂEĂƚŝŽŶĂů,ĞĂůƚŚĐĐŽƵŶƚƐZĞƉŽƌƚ͘E,Z͘
ŚŝŶĂEĂƚŝŽŶĂů,ĞĂůƚŚĞǀĞůŽƉŵĞŶƚZĞƐĞĂƌĐŚĞŶƚĞƌ͘ϮϬϭϴ͘ŚŝŶĂEĂƚŝŽŶĂů,ĞĂůƚŚĐĐŽƵŶƚƐZĞƉŽƌƚ͘E,Z͘
ŚŝƐŚŽůŵ͕ǀĂŶƐ͘ϮϬϭϬ͘/ŵƉƌŽǀŝŶŐŚĞĂůƚŚƐǇƐƚĞŵĞĨĨŝĐŝĞŶĐǇĂƐĂŵĞĂŶƐŽĨŵŽǀŝŶŐƚŽǁĂƌĚƐƵŶŝǀĞƌƐĂů
ĐŽǀĞƌĂŐĞ͘tŽƌůĚ,ĞĂůƚŚZĞƉŽƌƚ͘tŽƌůĚ,ĞĂůƚŚKƌŐĂŶŝǌĂƚŝŽŶ;t,KͿ͘
ŚŽǁĚŚƵƌǇ,͕ĞůĞŶǇƵŬs͘ϮϬϭϲ͘WĞƌĨŽƌŵĂŶĐĞŽĨŚŽƐƉŝƚĂůƐĞƌǀŝĐĞƐŝŶKŶƚĂƌŝŽ͗ǁŝƚŚƚƌƵŶĐĂƚĞĚƌĞŐƌĞƐƐŝŽŶ
ĂƉƉƌŽĂĐŚ͘KŵĞŐĂ͕ϲϯ͗ϭϭϭͲϭϮϮ͘
ŽĐŚƌĂŶĞ>͕^ƚ>ĞŐĞƌ^͕DŽŽƌĞ&͘ϭϵϳϴ͘,ĞĂůƚŚƐĞƌǀŝĐĞΖŝŶƉƵƚΖĂŶĚŵŽƌƚĂůŝƚǇΖŽƵƚƉƵƚΖŝŶĚĞǀĞůŽƉĞĚĐŽƵŶƚƌŝĞƐ͘:
ƉŝĚĞŵŝŽůŽŵŵƵŶŝƚǇ,ĞĂůƚŚ͕ϯϮ͗ϮϬϬͲϱ͘
ŽŽƉĞƌtt͕^ĞŝĨŽƌĚ>D͕dŽŶĞ<͘ϮϬϬϬ͘ĂƚĂŶǀĞůŽƉŵĞŶƚŶĂůǇƐŝƐ͗ŽŵƉƌĞŚĞŶƐŝǀĞdĞǆƚǁŝƚŚDŽĚĞůƐ͕
ƉƉůŝĐĂƚŝŽŶƐ͕ZĞĨĞƌĞŶĐĞƐ͕ŶĚͲ^ŽůǀĞƌ^ŽĨƚǁĂƌĞ͘<ůƵǁĞƌĐĂĚĞŵŝĐWƵďůŝƐŚĞƌƐ͕ŽƐƚŽŶ͘
ǇůƵƐ:͕WĂƉĂŶŝĐŽůĂƐ/͕͘^ŵŝƚŚW͘ϮϬϭϲ͘,ĞĂůƚŚƐǇƐƚĞŵĞĨĨŝĐŝĞŶĐǇ͗,ŽǁƚŽŵĂŬĞŵĞĂƐƵƌĞŵĞŶƚŵĂƚƚĞƌĨŽƌƉŽůŝĐǇ
ĂŶĚŵĂŶĂŐĞŵĞŶƚ͘tŽƌůĚ,ĞĂůƚŚKƌŐĂŶŝǌĂƚŝŽŶ͕ƚŚĞhŶŝƚĞĚ<ŝŶŐĚŽŵ͘
ǇůƵƐ:͕WĂƉĂŶŝĐŽůĂƐ/͕^ŵŝƚŚW͘ϮϬϭϳ͘hƐŝŶŐĂƚĂŶǀĞůŽƉŵĞŶƚŶĂůǇƐŝƐƚŽĚĚƌĞƐƐƚŚĞŚĂůůĞŶŐĞƐŽĨ
ŽŵƉĂƌŝŶŐ,ĞĂůƚŚ^ǇƐƚĞŵĨĨŝĐŝĞŶĐǇ͘'ůŽďĂůWŽůŝĐǇ͕ϴ͗ϲϬͲϲϴ͘
ĂĞŵŵƌŝĐŚ͘ϮϬϭϯ͘dŚĞƉŽůŝƚŝĐĂůĞĐŽŶŽŵǇŽĨŚĞĂůƚŚĐĂƌĞƌĞĨŽƌŵŝŶŚŝŶĂ͗ŶĞŐŽƚŝĂƚŝŶŐƉƵďůŝĐĂŶĚƉƌŝǀĂƚĞ͘
^ƉƌŝŶŐĞƌWůƵƐ͕Ϯ͗ϰϰϴ͘
ĂƐ'ƵƉƚĂW͘ϭϵϵϯ͘^ƚĂŶĚĂƌĚŝǌĂƚŝŽŶĂŶĚĚĞĐŽŵƉŽƐŝƚŝŽŶŽĨƌĂƚĞƐ͗ƵƐĞƌΖƐŵĂŶƵĂů͘ƵƌƌĞŶƚWŽƉƵůĂƚŝŽŶZĞƉŽƌƚƐ
tĂƐŚŝŶŐƚŽŶ͕͗h͘^͘'ŽǀĞƌŶŵĞŶƚWƌŝŶƚŝŶŐKĨĨŝĐĞ͕ϮϯͲϭϴϲ͘
ĚĞŽƐW,͕DŽƌĂůͲĞŶŝƚŽ͘ϮϬϭϰ͘ĞƚĞƌŵŝŶĂŶƚƐŽĨŚĞĂůƚŚͲƐǇƐƚĞŵĞĨĨŝĐŝĞŶĐǇ͗ĞǀŝĚĞŶĐĞĨƌŽŵKĐŽƵŶƚƌŝĞƐ͘
/ŶƚĞƌŶĂƚŝŽŶĂů:ŽƵƌŶĂůŽĨ,ĞĂůƚŚĂƌĞ&ŝŶĂŶĐĞĂŶĚĐŽŶŽŵŝĐƐ͕ϭϰ͗ϲϵͲϵϯ͘
ĞEŝĐŽůĂ͕'ŝƚƚŽ^͕DĂŶĐƵƐŽW͘ϮϬϭϮ͘hŶĐŽǀĞƌƚŚĞƉƌĞĚŝĐƚŝǀĞƐƚƌƵĐƚƵƌĞŽĨŚĞĂůƚŚĐĂƌĞĞĨĨŝĐŝĞŶĐǇĂƉƉůǇŝŶŐĂ
ďŽŽƚƐƚƌĂƉƉĞĚĚĂƚĂĞŶǀĞůŽƉŵĞŶƚĂŶĂůǇƐŝƐ͘ǆƉĞƌƚ^ǇƐƚĞŵƐǁŝƚŚƉƉůŝĐĂƚŝŽŶ͕ϯϵ͗ϭϬϰϵϱͲϭϬϰϵϵ͘
ĞW͕ŚĂƌ͕ŚĂƚƚĂĐŚĂƌǇĂE͘ϮϬϭϮ͘ĨĨŝĐŝĞŶĐǇŽĨ,ĞĂůƚŚĂƌĞ^ǇƐƚĞŵŝŶ/ŶĚŝĂ͗Ŷ/ŶƚĞƌͲ^ƚĂƚĞŶĂůǇƐŝƐƵƐŝŶŐ
ƉƉƌŽĂĐŚ͘^ŽĐŝĂůtŽƌŬŝŶWƵďůŝĐ,ĞĂůƚŚ͕Ϯϳ͗ϰϴϮͲϱϬϲ͘
ŝĞůĞŵĂŶ:>͕dĞŵƉůŝŶd͕^ĂĚĂƚE͕ĞƚĂů͘ϮϬϭϲ͘EĂƚŝŽŶĂůƐƉĞŶĚŝŶŐŽŶŚĞĂůƚŚďǇƐŽƵƌĐĞĨŽƌϭϴϰĐŽƵŶƚƌŝĞƐďĞƚǁĞĞŶ
ϮϬϭϯĂŶĚϮϬϰϬ͘dŚĞ>ĂŶĐĞƚ͕ϯϴϳ͗ϮϱϮϭͲϮϱϯϱ͘
ƵĐŬĞƚƚ^:͕tĂƌĚD͘ϮϬϬϴ͘ĞǀĞůŽƉŝŶŐΖƌŽďƵƐƚƉĞƌĨŽƌŵĂŶĐĞďĞŶĐŚŵĂƌŬƐΖĨŽƌƚŚĞŶĞǆƚƵƐƚƌĂůŝĂŶ,ĞĂůƚŚĂƌĞ
ŐƌĞĞŵĞŶƚ͗ƚŚĞŶĞĞĚĨŽƌĂŶĞǁĨƌĂŵĞǁŽƌŬ͘ƵƐƚƌĂůŝĂĂŶĚEĞǁĞĂůĂŶĚ,ĞĂůƚŚWŽůŝĐǇ͕ϱ͗ϴ͘
ǌŽůŬĂƌŶĂŝŶŝE͕ƚŬŝŶƐ<͘ϮϬϭϰ͘ŝĂďĞƚĞƐŵĂŶĂŐĞŵĞŶƚ͗ƚŚĞĂƐƐŽĐŝĂƚŝŽŶŽĨǁĞĂůƚŚ͕ƐƉĞŶĚŝŶŐĂŶĚƉĞƌĨŽƌŵĂŶĐĞŝŶ
>ĂƚŝŶŵĞƌŝĐĂŶĂŶĚĂƌŝďďĞĂŶĐŽƵŶƚƌŝĞƐ͘/ŶƚĞƌŶĂƚŝŽŶĂů:ŽƵƌŶĂůŽĨDĂŶĂŐĞŵĞŶƚĐĐŽƵŶƚŝŶŐZĞƐĞĂƌĐŚ͕
ϰ͗ϲϵͲϵϭ͘
ŐŐůĞƐƚŽŶ<͕>ŝŶŐ>͕YŝŶŐǇƵĞD͕>ŝŶĚĞůŽǁD͕tĂŐƐƚĂĨĨ͘ϮϬϬϴ͘,ĞĂůƚŚƐĞƌǀŝĐĞĚĞůŝǀĞƌǇŝŶŚŝŶĂ͗ĂůŝƚĞƌĂƚƵƌĞ
ƌĞǀŝĞǁ͘,ĞĂůƚŚĐŽŶ͕ϭϳ͗ϭϰϵͲϲϱ͘
ƌŝĐŬƐŽŶW͕tŝůƐŽŶZ͕^ŚĂŶŶŽŶ//͘ϭϵϵϱ͘zĞĂƌƐŽĨŚĞĂůƚŚǇůŝĨĞ͘
ǀĂŶƐ͕dĂŶĚŽŶ͕DƵƌƌĂǇ:>͕>ĂƵĞƌ:͘ϮϬϬϭ͘ŽŵƉĂƌĂƚŝǀĞĞĨĨŝĐŝĞŶĐǇŽĨŶĂƚŝŽŶĂůŚĞĂůƚŚƐǇƐƚĞŵƐ͗ĐƌŽƐƐ
ŶĂƚŝŽŶĂůĞĐŽŶŽŵĞƚƌŝĐĂŶĂůǇƐŝƐ͘D:͕ϯϮϯ͗ϯϬϳͲϯϭϬ͘
&ĂůƐƚĞƌDK͕:Žƌŵ>Z͕ŽƵŐůĂƐ<͕ĞƚĂů͘ϮϬϭϱ͘^ŽĐŝŽĚĞŵŽŐƌĂƉŚŝĐĂŶĚ,ĞĂůƚŚŚĂƌĂĐƚĞƌŝƐƚŝĐƐ͕ZĂƚŚĞƌdŚĂŶ
WƌŝŵĂƌǇĂƌĞ^ƵƉƉůǇ͕ĂƌĞDĂũŽƌƌŝǀĞƌƐŽĨ'ĞŽŐƌĂƉŚŝĐsĂƌŝĂƚŝŽŶŝŶWƌĞǀĞŶƚĂďůĞ,ŽƐƉŝƚĂůŝǌĂƚŝŽŶƐŝŶ
ƵƐƚƌĂůŝĂ͘DĞĚŝĐĂůĂƌĞ͕ϱϯ͗ϰϯϲͲϰϰϱ͘



ϭϯϰ

&ćƌĞZ͕'ƌŽƐƐŬŽƉĨ^͕EŽƌƌŝƐD͕ŚĂŶŐ͘ϭϵϵϰ͘WƌŽĚƵĐƚŝǀŝƚǇ'ƌŽǁƚŚ͕dĞĐŚŶŝĐĂůWƌŽŐƌĞƐƐ͕ĂŶĚĨĨŝĐŝĞŶĐǇŚĂŶŐĞŝŶ
/ŶĚƵƐƚƌŝĂůŝǌĞĚŽƵŶƚƌŝĞƐ͘dŚĞŵĞƌŝĐĂŶĐŽŶŽŵŝĐZĞǀŝĞǁ͕ϴϰ͗ϲϲͲϴϯ͘
&ĞůĚĞƌ^͕dĂƵĐŚŵĂŶŶ,͘ϮϬϭϯ͘&ĞĚĞƌĂůƐƚĂƚĞĚŝĨĨĞƌĞŶƚŝĂůƐŝŶƚŚĞĞĨĨŝĐŝĞŶĐǇŽĨŚĞĂůƚŚƉƌŽĚƵĐƚŝŽŶŝŶ'ĞƌŵĂŶǇ͗ĂŶ
ĂƌƚŝĨĂĐƚŽĨƐƉĂƚŝĂůĚĞƉĞŶĚĞŶĐĞ͍dŚĞƵƌŽƉĞĂŶ:ŽƵƌŶĂůŽĨ,ĞĂůƚŚĐŽŶŽŵŝĐƐ͕ϭϰ͗ϮϭͲϯϵ͘
&ĞŶŐy͕>ŝƵz͕ƐƚĞůůͲƵƌƚd͕ĞƚĂů͘ϮϬϭϲ͘ŶĂůǇƐŝƐŽĨŚĞĂůƚŚƐĞƌǀŝĐĞĂŵĞŶĂďůĞĂŶĚŶŽŶͲĂŵĞŶĂďůĞŵŽƌƚĂůŝƚǇďĞĨŽƌĞ
ĂŶĚƐŝŶĐĞŚŝŶĂΖƐĞǆƉĂŶƐŝŽŶŽĨŚĞĂůƚŚĐŽǀĞƌĂŐĞŝŶϮϬϬϵ͘D:KƉĞŶ͕ϲ͘
&ĞŶŐy>͕ŚƵ:͕ŚĂŶŐ>͕ĞƚĂů͘ϮϬϭϬ͘^ŽĐŝŽͲĞĐŽŶŽŵŝĐĚŝƐƉĂƌŝƚŝĞƐŝŶŵĂƚĞƌŶĂůŵŽƌƚĂůŝƚǇŝŶŚŝŶĂďĞƚǁĞĞŶϭϵϵϲ
ĂŶĚϮϬϬϲ͘:K'͗Ŷ/ŶƚĞƌŶĂƚŝŽŶĂů:ŽƵƌŶĂůŽĨKďƐƚĞƚƌŝĐƐΘ'ǇŶĂĞĐŽůŽŐǇ͕ϭϭϳ͗ϭϱϮϳͲϭϱϯϲ͘
&ŽůůĂŶĚ^͕'ŽŽĚŵĂŶ͕^ƚĂŶŽD͘ϮϬϭϳ͘dŚĞĐŽŶŽŵŝĐƐŽĨ,ĞĂůƚŚĂŶĚ,ĞĂůƚŚĂƌĞ͘ŝŐŚƚŚĞĚŶ͘
&ƌŝĞĚĞŶdZ͘ϮϬϭϬ͘ĨƌĂŵĞǁŽƌŬĨŽƌƉƵďůŝĐŚĞĂůƚŚĂĐƚŝŽŶ͗ƚŚĞŚĞĂůƚŚŝŵƉĂĐƚƉǇƌĂŵŝĚ͘ŵĞƌŝĐĂŶũŽƵƌŶĂůŽĨƉƵďůŝĐ
ŚĞĂůƚŚ͕ϭϬϬ͗ϱϵϬͲϱϵϱ͘
&Ƶt͕ŚĂŽ^͕ŚĂŶŐz͕ŚĂŝW͕'ŽƐƐ:͘ϮϬϭϴ͘ZĞƐĞĂƌĐŚŝŶŚĞĂůƚŚƉŽůŝĐǇŵĂŬŝŶŐŝŶŚŝŶĂ͗ŽƵƚͲŽĨͲƉŽĐŬĞƚƉĂǇŵĞŶƚƐ
ŝŶ,ĞĂůƚŚǇŚŝŶĂϮϬϯϬ͘D:͕ϯϲϬ͘
&ƵĐŚƐsZ͘ϮϬϬϰ͘DŽƌĞǀĂƌŝĂƚŝŽŶŝŶƵƐĞŽĨĐĂƌĞ͕ŵŽƌĞĨůĂƚͲŽĨͲƚŚĞͲĐƵƌǀĞŵĞĚŝĐŝŶĞ͘,ĞĂůƚŚĨĨ;DŝůůǁŽŽĚͿ͕^ƵƉƉů
sĂƌŝĂƚŝŽŶ͗sĂƌϭϬϰͲϳ͘
'ĂůĂƌƌĂŐĂ:͕DƵƚƚĞƌZ͕WŝŶĞƐ:D͘ϮϬϭϱ͘ŽƐƚƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚĂŵďƵůĂƚŽƌǇĐĂƌĞƐĞŶƐŝƚŝǀĞĐŽŶĚŝƚŝŽŶƐĂĐƌŽƐƐ
ŚŽƐƉŝƚĂůͲďĂƐĞĚƐĞƚƚŝŶŐƐ͘ĐĂĚŵĞƌŐDĞĚ͕ϮϮ͗ϭϳϮͲϴϭ͘
'ĂŽ:͕DŽƌĂŶ͕>ŝzͲ&͕ůŵĞŶŽĨĨW>͘ϮϬϭϰ͘WƌĞĚŝĐƚŝŶŐWŽƚĞŶƚŝĂůůǇǀŽŝĚĂďůĞ,ŽƐƉŝƚĂůŝǌĂƚŝŽŶƐ͘DĞĚŝĐĂůĂƌĞ͕ϱϮ͗
ϭϲϰͲϭϳϭ͘
'ĂƌĂǀĂŐůŝĂ'͕>ĞƚƚŝĞƌŝ͕ŐĂƐŝƐƚŝd͕>ŽƉĞǌ^͘ϮϬϭϭ͘ĨĨŝĐŝĞŶĐǇĂŶĚƋƵĂůŝƚǇŽĨĐĂƌĞŝŶŶƵƌƐŝŶŐŚŽŵĞƐ͗ĂŶ/ƚĂůŝĂŶĐĂƐĞ
ƐƚƵĚǇ͘,ĞĂůƚŚĂƌĞDĂŶĂŐĞŵĞŶƚ^ĐŝĞŶĐĞ͕ϭϰ͗ϮϮͲϯϱ͘
'ĞĂƌŚĂƌƚZ͘ϮϬϭϲ͘d,ZKh^dE^^K&ZK^^ͲKhEdZz,>d,ZZE</E'^DKE',KDK'EKh^
KKhEdZ/^͘:ŽƵƌŶĂůŽĨƉƉůŝĞĚĐŽŶŽŵŝĐƐ͕ϭϵ͗ϭϭϯͲϭϰϯ͘
'ŽŬD^͕ůƚŦŶĚĂŒ͘ϮϬϭϱ͘ŶĂůǇƐŝƐŽĨƚŚĞĐŽƐƚĂŶĚĞĨĨŝĐŝĞŶĐǇƌĞůĂƚŝŽŶƐŚŝƉ͗ĞǆƉĞƌŝĞŶĐĞŝŶƚŚĞdƵƌŬŝƐŚƉĂǇĨŽƌ
ƉĞƌĨŽƌŵĂŶĐĞƐǇƐƚĞŵ͘dŚĞƵƌŽƉĞĂŶ:ŽƵƌŶĂůŽĨ,ĞĂůƚŚĐŽŶŽŵŝĐƐ͕ϭϲ͗ϰϱϵͲϰϲϵ͘
'ŽŶŐW͕>ŝĂŶŐ^͕ĂƌůƚŽŶ:͕ĞƚĂů͘ϮϬϭϮ͘hƌďĂŶŝƐĂƚŝŽŶĂŶĚŚĞĂůƚŚŝŶŚŝŶĂ͘dŚĞ>ĂŶĐĞƚ͕ϯϳϵ͗ϴϰϯͲϴϱϮ͘
'ŽŶǌĄůĞǌ͕ĄƌĐĂďĂ͕sĞŶƚƵƌĂ:͘ϮϬϭϬ͘sĂůƵĞĞĨĨŝĐŝĞŶĐǇĂŶĂůǇƐŝƐŽĨŚĞĂůƚŚƐǇƐƚĞŵƐ͗ĚŽĞƐƉƵďůŝĐĨŝŶĂŶĐŝŶŐƉůĂǇĂ
ƌŽůĞ͍:ŽƵƌŶĂůŽĨWƵďůŝĐ,ĞĂůƚŚ͕ϭϴ͗ϯϯϳͲϯϱϬ͘
'ƵĂŶĂŝƐ&͕'ſŵĞǌͲ^ƵĄƌĞǌZ͕WŝŶǌſŶ>͘ϮϬϭϮ͘WƌŝŵĂƌǇĂƌĞĨĨĞĐƚŝǀĞŶĞƐƐĂŶĚƚŚĞǆƚĞŶƚŽĨǀŽŝĚĂďůĞ
,ŽƐƉŝƚĂůŝǌĂƚŝŽŶƐŝŶ>ĂƚŝŶŵĞƌŝĐĂĂŶĚƚŚĞĂƌŝďďĞĂŶ͘/ŶƚĞƌͲŵĞƌŝĐĂŶĞǀĞůŽƉŵĞŶƚĂŶŬ͘
,ĂĚĂĚ^͕,ĂĚĂĚz͕^ŝŵŽŶͲdƵǀĂůd͘ϮϬϭϯ͘ĞƚĞƌŵŝŶĂŶƚƐŽĨŚĞĂůƚŚĐĂƌĞƐǇƐƚĞŵ͛ƐĞĨĨŝĐŝĞŶĐǇŝŶKĐŽƵŶƚƌŝĞƐ͘dŚĞ
ƵƌŽƉĞĂŶ:ŽƵƌŶĂůŽĨ,ĞĂůƚŚĐŽŶŽŵŝĐƐ͕ϭϰ͗ϮϱϯͲϮϲϱ͘
,ćŬŬŝŶĞŶh͕:ŽƵŵĂƌĚ/͘ϮϬϬϳ͘ƌŽƐƐͲŽƵŶƚƌǇŶĂůǇƐŝƐŽĨĨĨŝĐŝĞŶĐǇŝŶK,ĞĂůƚŚĂƌĞ^ĞĐƚŽƌƐ͗KƉƚŝŽŶƐĨŽƌ
ZĞƐĞĂƌĐŚ͘KWƵďůŝƐŚŝŶŐ͘
,ĂůƐƚĞŝŶůŝs͕<ŝƚƚĞůƐĞŶ^͕DĂŐŶƵƐƐĞŶ:͘ϮϬϭϬ͘WƌŽĚƵĐƚŝǀŝƚǇŐƌŽǁƚŚŝŶŽƵƚƉĂƚŝĞŶƚĐŚŝůĚĂŶĚĂĚŽůĞƐĐĞŶƚŵĞŶƚĂů
ŚĞĂůƚŚƐĞƌǀŝĐĞƐ͗dŚĞŝŵƉĂĐƚŽĨĐĂƐĞͲŵŝǆĂĚũƵƐƚŵĞŶƚ͘^ŽĐŝĂů^ĐŝĞŶĐĞΘDĞĚŝĐŝŶĞ͕ϳϬ͗ϰϯϵͲϰϰϲ͘
,Ğ:͕YŝĂŶ:͘ϮϬϭϲ͘ǆƉůĂŝŶŝŶŐŵĞĚŝĐĂůĚŝƐƉƵƚĞƐŝŶŚŝŶĞƐĞƉƵďůŝĐŚŽƐƉŝƚĂůƐ͗ƚŚĞĚŽĐƚŽƌͲƉĂƚŝĞŶƚƌĞůĂƚŝŽŶƐŚŝƉĂŶĚ
ŝƚƐŝŵƉůŝĐĂƚŝŽŶƐĨŽƌŚĞĂůƚŚƉŽůŝĐǇƌĞĨŽƌŵƐ͘,ĞĂůƚŚĐŽŶWŽůŝĐǇ>Ăǁ͕ϭϭ͗ϯϱϵͲϳϴ͘
,Ğ͕zƵ,͕ŚĞŶz͘ϮϬϭϯ͘ƋƵŝƚǇŝŶƚŚĞĚŝƐƚƌŝďƵƚŝŽŶŽĨdĂŶĚDZ/ŝŶŚŝŶĂ͗ĂƉĂŶĞůĂŶĂůǇƐŝƐ͘/ŶƚĞƌŶĂƚŝŽŶĂů
:ŽƵƌŶĂůĨŽƌƋƵŝƚǇŝŶ,ĞĂůƚŚ͕ϭϮ͗ϯϵ͘
,ĞĂůƚŚ/Ž͕tĞůĨĂƌĞ͘ϮϬϬϳ͘ƚůĂƐŽĨĂǀŽŝĚĂďůĞŚŽƐƉŝƚĂůŝƐĂƚŝŽŶƐŝŶƵƐƚƌĂůŝĂ͗ĂŵďƵůĂƚŽƌǇĐĂƌĞͲƐĞŶƐŝƚŝǀĞ
ĐŽŶĚŝƚŝŽŶƐ͘/,t͘
,ĞĐŬŵĂŶ::͘ϭϵϳϵ͘^ĂŵƉůĞƐĞůĞĐƚŝŽŶďŝĂƐĂƐĂƐƉĞĐŝĨŝĐĂƚŝŽŶĞƌƌŽƌ͘ĐŽŶŽŵĞƚƌŝĐĂ͗:ŽƵƌŶĂůŽĨƚŚĞĞĐŽŶŽŵĞƚƌŝĐ
ƐŽĐŝĞƚǇ͗ϭϱϯͲϭϲϭ͘
,ŽŐŐt͕ǇŬĞ͘ϮϬϭϭ͘/ŵƉƌŽǀŝŶŐŵĞĂƐƵƌĞŵĞŶƚŽĨƉƌŝŵĂƌǇĐĂƌĞƐǇƐƚĞŵƉĞƌĨŽƌŵĂŶĐĞ͘ĂŶĂĚŝĂŶ&ĂŵŝůǇ
WŚǇƐŝĐŝĂŶ͕ϱϳ͗ϳϱϴͲϳϲϬ͘
,ŽůůŝŶŐƐǁŽƌƚŚ͘ϮϬϬϴ͘dŚĞŵĞĂƐƵƌĞŵĞŶƚŽĨĞĨĨŝĐŝĞŶĐǇĂŶĚƉƌŽĚƵĐƚŝǀŝƚǇŽĨŚĞĂůƚŚĐĂƌĞĚĞůŝǀĞƌǇ͘,ĞĂůƚŚ
ĐŽŶŽŵŝĐƐ͕ϭϳ͗ϭϮ͘
,ŽůůŝŶŐƐǁŽƌƚŚ͕tŝůĚŵĂŶ:͘ϮϬϬϯ͘dŚĞĞĨĨŝĐŝĞŶĐǇŽĨŚĞĂůƚŚƉƌŽĚƵĐƚŝŽŶ͗ƌĞͲĞƐƚŝŵĂƚŝŶŐƚŚĞt,KƉĂŶĞůĚĂƚĂƵƐŝŶŐ
ƉĂƌĂŵĞƚƌŝĐĂŶĚŶŽŶͲƉĂƌĂŵĞƚƌŝĐĂƉƉƌŽĂĐŚĞƐƚŽƉƌŽǀŝĚĞĂĚĚŝƚŝŽŶĂůŝŶĨŽƌŵĂƚŝŽŶ͘,ĞĂůƚŚĐŽŶ͕ϭϮ͗ϰϵϯͲ
ϱϬϰ͘
,ŽůůŝŶŐǁŽƌƚŚ^͕ŽŶĂůĚD͕ŚĂŶŐ:͕ĞƚĂů͘ϮϬϭϳ͘/ŵƉĂĐƚŽĨĂŐĞŶĞƌĂůƉƌĂĐƚŝƚŝŽŶĞƌͲůĞĚŝŶƚĞŐƌĂƚĞĚŵŽĚĞůŽĨĐĂƌĞ
ŽŶƚŚĞĐŽƐƚŽĨƉŽƚĞŶƚŝĂůůǇƉƌĞǀĞŶƚĂďůĞĚŝĂďĞƚĞƐͲƌĞůĂƚĞĚŚŽƐƉŝƚĂůŝƐĂƚŝŽŶƐ͘WƌŝŵĂƌĞŝĂďĞƚĞƐ͕ϭϭ͗ϯϰϰͲ
ϯϰϳ͘
,ƐŝĂŽt͘ϮϬϬϰ͘ŝƐƉĂƌŝƚǇŝŶŚĞĂůƚŚ͗ƚŚĞƵŶĚĞƌďĞůůǇŽĨŚŝŶĂΖƐĞĐŽŶŽŵŝĐĚĞǀĞůŽƉŵĞŶƚ͘,ĂƌǀĂƌĚŚŝŶĂZĞǀŝĞǁ͕
ϱ͗ϳ͘
,ƐŝĂŽt͘ϮϬϬϳ͘dŚĞƉŽůŝƚŝĐĂůĞĐŽŶŽŵǇŽĨŚŝŶĞƐĞŚĞĂůƚŚƌĞĨŽƌŵ͘,ĞĂůƚŚĐŽŶWŽůŝĐǇ>Ăǁ͕Ϯ͗ϮϰϭͲϵ͘



ϭϯϱ

,ƐƵzͲ͘ϮϬϭϯ͘dŚĞĞĨĨŝĐŝĞŶĐǇŽĨŐŽǀĞƌŶŵĞŶƚƐƉĞŶĚŝŶŐŽŶŚĞĂůƚŚ͗ǀŝĚĞŶĐĞĨƌŽŵƵƌŽƉĞĂŶĚĞŶƚƌĂůƐŝĂ͘dŚĞ
^ŽĐŝĂů^ĐŝĞŶĐĞ:ŽƵƌŶĂů͕ϱϬ͗ϲϲϱͲϲϳϯ͘
,Ƶ,Ͳ,͕YŝY͕zĂŶŐͲ,͘ϮϬϭϮ͘ŶĂůǇƐŝƐŽĨŚŽƐƉŝƚĂůƚĞĐŚŶŝĐĂůĞĨĨŝĐŝĞŶĐǇŝŶŚŝŶĂ͗ĨĨĞĐƚŽĨŚĞĂůƚŚŝŶƐƵƌĂŶĐĞ
ƌĞĨŽƌŵ͘ŚŝŶĂĐŽŶŽŵŝĐZĞǀŝĞǁ͕Ϯϯ͗ϴϲϱͲϴϳϳ͘
,ƵĂŶŐz͕,Ƶ͘ϮϬϬϰ͘dŚĞƉƉůŝĐĂƚŝŽŶŽĨŝŶƐƐĞƐƐĞŵĞŶƚŽĨ/ŶƉƵƚͲKƵƚƉƵƚWƌŽĚĐƵƚŝŽŶĨĨŝĐŝĞĐŶǇĨŽƌ
dŽǁŶƐŚŝƉ,ŽƐƉŝƚĂůƐŚŝŶƐĞ,ĞĂůƚŚĐŽŶŽŵŝĐƐ͕Ϯϯ͗ϰ͘
,ƵƐƐĞǇW^͕ĚĞsƌŝĞƐ,͕ZŽŵůĞǇ:͕ĞƚĂů͘ϮϬϬϵ͘ƐǇƐƚĞŵĂƚŝĐƌĞǀŝĞǁŽĨŚĞĂůƚŚĐĂƌĞĞĨĨŝĐŝĞŶĐǇŵĞĂƐƵƌĞƐ͘,ĞĂůƚŚ
^ĞƌǀZĞƐ͕ϰϰ͗ϳϴϰͲϴϬϱ͘
,ǇĚĞƌ͕ZŽƚůůĂŶƚ'͕DŽƌƌŽǁZ,͘ϭϵϵϴ͘DĞĂƐƵƌŝŶŐƚŚĞďƵƌĚĞŶŽĨĚŝƐĞĂƐĞ͗ŚĞĂůƚŚǇůŝĨĞͲǇĞĂƌƐ͘ŵĞƌŝĐĂŶ:ŽƵƌŶĂů
ŽĨWƵďůŝĐ,ĞĂůƚŚ͕ϴϴ͗ϭϵϲͲϮϬϮ͘
/ŶƐƚŝƚƵƚĞĨŽƌ,ĞĂůƚŚDĞƚƌŝĐƐĂŶĚǀĂůƵĂƚŝŽŶ͘ϮϬϭϲ͘'ůŽďĂůƵƌĚĞŶŽĨŝƐĞĂƐĞ^ƚƵĚǇϮϬϭϲ͘^ĞĂƚƚůĞ͕hŶŝƚĞĚ^ƚĂƚĞƐ͗
/ŶƐƚŝƚƵƚĞĨŽƌ,ĞĂůƚŚDĞƚƌŝĐƐĂŶĚǀĂůƵĂƚŝŽŶ;/,DͿ͘
/ŶƐƚŝƚƵƚĞĨŽƌ,ĞĂůƚŚDĞƚƌŝĐƐĂŶĚǀĂůƵĂƚŝŽŶ͘ϮϬϭϴ͘'ůŽďĂůƵƌĚĞŶŽĨŝƐĞĂƐĞ^ƚƵĚǇϮϬϭϴ͘^ĞĂƚƚůĞ͕hŶŝƚĞĚ^ƚĂƚĞƐ͗
/ŶƐƚŝƚƵƚĞĨŽƌ,ĞĂůƚŚDĞƚƌŝĐƐĂŶĚǀĂůƵĂƚŝŽŶ;/,DͿ͘
:ĂĐŬƐŽŶ'͕dŽďŝĂƐD͘ϮϬϬϭ͘WŽƚĞŶƚŝĂůůǇĂǀŽŝĚĂďůĞŚŽƐƉŝƚĂůŝƐĂƚŝŽŶƐŝŶEĞǁĞĂůĂŶĚ͕ϭϵϴϵͲϵϴ͘ƵƐƚE:WƵďůŝĐ
,ĞĂůƚŚ͕Ϯϱ͗ϮϭϮͲϮϭ͘
:ĂĐŽďƐZ͕^ŵŝƚŚW͕^ƚƌĞĞƚ͘ϮϬϬϲ͘DĞĂƐƵƌŝŶŐĨĨŝĐŝĞŶĐǇŝŶ,ĞĂůƚŚĂƌĞ͗ŶĂůǇƚŝĐdĞĐŚŶŝƋƵĞƐĂŶĚ,ĞĂůƚŚWŽůŝĐǇ͘
ĂŵďƌŝĚŐĞhŶŝǀĞƌƐŝƚǇWƌĞƐƐ͕ĂŵďƌŝĚŐĞ͘
:ĞŚƵͲƉƉŝĂŚ͕^ĞŬŝĚĚĞ^͕ĚũƵŝŬD͕ĞƚĂů͘ϮϬϭϰ͘KǁŶĞƌƐŚŝƉĂŶĚƚĞĐŚŶŝĐĂůĞĨĨŝĐŝĞŶĐǇŽĨŚŽƐƉŝƚĂůƐ͗ĞǀŝĚĞŶĐĞĨƌŽŵ
'ŚĂŶĂƵƐŝŶŐĚĂƚĂĞŶǀĞůŽƉŵĞŶƚĂŶĂůǇƐŝƐ͘ŽƐƚĨĨĞĐƚŝǀĞŶĞƐƐĂŶĚZĞƐŽƵƌĐĞůůŽĐĂƚŝŽŶ͕ϭϮ͗ϵ͘
:ŝĂŶŐ,͕ZƵƐƐŽ͕ĂƌƌĞƚƚD͘ϮϬϬϲ͘EĂƚŝŽŶǁŝĚĞ&ƌĞƋƵĞŶĐǇĂŶĚŽƐƚƐŽĨWŽƚĞŶƚŝĂůůǇWƌĞǀĞŶƚĂďůĞ,ŽƐƉŝƚĂůŝǌĂƚŝŽŶƐ͘
ŐĞŶĐǇĨŽƌ,ĞĂůƚŚĐĂƌĞZĞƐĞĂƌĐŚĂŶĚYƵĂůŝƚǇ;h^Ϳ͘
:ŝĂŶŐE͕ŶĚƌĞǁƐ͘ϮϬϭϵ͘ĨĨŝĐŝĞŶĐǇŽĨEĞǁĞĂůĂŶĚ͛ƐŝƐƚƌŝĐƚ,ĞĂůƚŚŽĂƌĚƐĂƚWƌŽǀŝĚŝŶŐ,ŽƐƉŝƚĂů^ĞƌǀŝĐĞƐ͗
ƐƚŽĐŚĂƐƚŝĐĨƌŽŶƚŝĞƌĂŶĂůǇƐŝƐ͘:ŽƵƌŶĂůŽĨWƌŽĚƵĐƚŝǀŝƚǇŶĂůǇƐŝƐ͘
:ŝĂŶŐY͕>ĂŶŐ:͕Ăŝ:͕tƵ͕ŐŐůĞƐƚŽŶ<͘ϮϬϭϱ͘ǀŽŝĚĂďůĞŚŽƐƉŝƚĂůĂĚŵŝƐƐŝŽŶƐĂŶĚƌĞƐŽƵƌĐĞƵƐĞŝŶŚŝŶĂ͗ĂŶ
ĞǆƉůŽƌĂƚŽƌǇĂŶĂůǇƐŝƐŽĨϮ͘ϱϳŵŝůůŝŽŶŚŽƐƉŝƚĂůĂĚŵŝƐƐŝŽŶƐ͘dŚĞ>ĂŶĐĞƚ͕ϯϴϲ͗^Ϯϱ͘
:ƵĚŝƚŚ͕ŚĂŶŐy͘ϮϬϬϱ͘ŚŝŶĂ͕ĐŽŶŽŵŝĐĞǀĞůŽƉŵĞŶƚĂŶĚDŽƌƚĂůŝƚǇĞĐůŝŶĞ͘tŽƌůĚĞǀĞůŽƉŵĞŶƚ͕ϯϯ͘
<ĞŶŐ^Ͳ,͕>ŝz͘ϮϬϭϬ͘ĞĐŽŵƉŽƐŝƚŝŽŶŽĨƚŽƚĂůĨĂĐƚŽƌƉƌŽĚƵĐƚŝǀŝƚǇŝŶǁŽƌůĚŚĞĂůƚŚƉƌŽĚƵĐƚŝŽŶ͗ĂƐƚŽĐŚĂƐƚŝĐĨƌŽŶƚŝĞƌ
ĂƉƉƌŽĂĐŚ͘ƉƉůŝĞĚĐŽŶŽŵŝĐƐ͕ϰϮ͗ϯϬϭϭͲϯϬϮϭ͘
<ŝŵ,͕ŚĞŶŐ^Ͳ,͘ϮϬϭϴ͘ƐƐĞƐƐŝŶŐƋƵĂůŝƚǇŽĨƉƌŝŵĂƌǇĚŝĂďĞƚĞƐĐĂƌĞŝŶ^ŽƵƚŚ<ŽƌĞĂĂŶĚdĂŝǁĂŶƵƐŝŶŐĂǀŽŝĚĂďůĞ
ŚŽƐƉŝƚĂůŝǌĂƚŝŽŶƐ͘,ĞĂůƚŚWŽůŝĐǇ͕ϭϮϮ͗ϭϮϮϮͲϭϮϯϭ͘
<ŝŵz͕<ĂŶŐD͘ϮϬϭϰ͘dŚĞŵĞĂƐƵƌĞŵĞŶƚŽĨŚĞĂůƚŚĐĂƌĞƐǇƐƚĞŵĞĨĨŝĐŝĞŶĐǇ͗ĐƌŽƐƐͲĐŽƵŶƚƌǇĐŽŵƉĂƌŝƐŽŶďǇ
ŐĞŽŐƌĂƉŚŝĐƌĞŐŝŽŶ͘dŚĞ<ŽƌĞĂŶ:ŽƵƌŶĂůŽĨWŽůŝĐǇ^ƚƵĚŝĞƐ͕Ϯϵ͗Ϯϰ͘
<ŝŶĨƵz͘ϮϬϭϯ͘dŚĞĞĨĨŝĐŝĞŶĐǇŽĨƚŚĞŚĞĂůƚŚƐǇƐƚĞŵŝŶ^ŽƵƚŚĨƌŝĐĂ͗ĞǀŝĚĞŶĐĞĨƌŽŵƐƚŽĐŚĂƐƚŝĐĨƌŽŶƚŝĞƌĂŶĂůǇƐŝƐ͘
ƉƉůŝĞĚĐŽŶŽŵŝĐƐ͕ϰϱ͗ϭϬϬϯͲϭϬϭϬ͘
<ŝŶĨƵz͕^ĂǁŚŶĞǇD͘ϮϬϭϱ͘/ŶĞĨĨŝĐŝĞŶĐǇ͕ŚĞƚĞƌŽŐĞŶĞŝƚǇĂŶĚƐƉŝůůŽǀĞƌĞĨĨĞĐƚƐŝŶŵĂƚĞƌŶĂůĐĂƌĞŝŶ/ŶĚŝĂ͗ĂƐƉĂƚŝĂů
ƐƚŽĐŚĂƐƚŝĐĨƌŽŶƚŝĞƌĂŶĂůǇƐŝƐ͘D,ĞĂůƚŚ^ĞƌǀŝĐĞƐZĞƐĞĂƌĐŚ͕ϭϱ͗ϭϭϴ͘
<ŽƵŶĞƚĂƐ<͕WĂƉĂƚŚĂŶĂƐƐŽƉŽƵůŽƐ&͘ϮϬϭϯ͘,ŽǁĞĨĨŝĐŝĞŶƚĂƌĞ'ƌĞĞŬŚŽƐƉŝƚĂůƐ͍ĐĂƐĞƐƚƵĚǇƵƐŝŶŐĂĚŽƵďůĞ
ďŽŽƚƐƚƌĂƉĂƉƉƌŽĂĐŚ͘Ƶƌ:,ĞĂůƚŚĐŽŶ͕ϭϰ͗ϵϳϵͲϵϰ͘
<ƌƵŐĞƌ͕dĞŶŶĂŶƚD͘ϮϬϭϰ͘WŽƚĞŶƚŝĂůůǇƉƌĞǀĞŶƚĂďůĞŚŽƐƉŝƚĂůƐĞƉĂƌĂƚŝŽŶƐƌĞůĂƚĞĚƚŽŽƌĂůŚĞĂůƚŚ͗ĂϭϬͲǇĞĂƌ
ĂŶĂůǇƐŝƐ͘ƵƐƚƌĂůŝĂŶĞŶƚĂů:ŽƵƌŶĂů͕ϲϬ͗ϳ͘
<ƌƵŬD͕&ƌĞĞĚŵĂŶ>W͘ϮϬϬϴ͘ƐƐĞƐƐŝŶŐŚĞĂůƚŚƐǇƐƚĞŵƉĞƌĨŽƌŵĂŶĐĞŝŶĚĞǀĞůŽƉŝŶŐĐŽƵŶƚƌŝĞƐ͗ĂƌĞǀŝĞǁŽĨƚŚĞ
ůŝƚĞƌĂƚƵƌĞ͘,ĞĂůƚŚWŽůŝĐǇ͕ϴϱ͗ϮϲϯͲϳϲ͘
<ƌƵŬD͕'ĂŐĞ͕ƌƐĞŶĂƵůƚ͕ĞƚĂů͘ϮϬϭϴ͘,ŝŐŚͲƋƵĂůŝƚǇŚĞĂůƚŚƐǇƐƚĞŵƐŝŶƚŚĞ^ƵƐƚĂŝŶĂďůĞĞǀĞůŽƉŵĞŶƚ'ŽĂůƐ
ĞƌĂ͗ƚŝŵĞĨŽƌĂƌĞǀŽůƵƚŝŽŶ͘dŚĞ>ĂŶĐĞƚ'ůŽďĂů,ĞĂůƚŚ͕ϲ͗ĞϭϭϵϲͲĞϭϮϱϮ͘
>ĂĨŽƌƚƵŶĞ'͕ŽƵĨĨŝŶŚĂů͕ĞƌĐŚĞƚ͕^ŽĐŚĂͲŝĞƚƌŝĐŚ<͕ƵƌĂĂĞŶ͘ϮϬϭϲ͘ŽŽƉĞƌĂƚŝŽŶǁŝƚŚKŝŶƉƌŽŵŽƚŝŶŐ
ĞĨĨŝĐŝĞŶĐǇŝŶŚĞĂůƚŚĐĂƌĞʹ^ĐŽƉŝŶŐƉĂƉĞƌŽŶŚĞĂůƚŚƐǇƐƚĞŵĞĨĨŝĐŝĞŶĐǇŵĞĂƐƵƌĞŵĞŶƚ͘K͘
>ĞĞ:z͘ϮϬϬϴ͘'ůŽďĂůdƌĞŶĚƐŽĨWƌŽĚƵĐƚŝǀŝƚǇ'ƌŽǁƚŚ͗ǀŝĚĞŶĐĞĨƌŽŵƚŚĞDĂůŵƋƵŝƐƚ/ŶĚĞǆ;:ƵŶĞϯϬ͕ϮϬϬϴͿ͘ĂƐƚ
ƐŝĂŶĐŽŶŽŵŝĐZĞǀŝĞǁ͕ϭϮ͗ϭϭϭͲϭϯϳ͘
>ŝ,͕ŽŶŐ^͕>ŝƵd͘ϮϬϭϰĂ͘ZĞůĂƚŝǀĞĞĨĨŝĐŝĞŶĐǇĂŶĚƉƌŽĚƵĐƚŝǀŝƚǇ͗ĂƉƌĞůŝŵŝŶĂƌǇĞǆƉůŽƌĂƚŝŽŶŽĨƉƵďůŝĐŚŽƐƉŝƚĂůƐŝŶ
ĞŝũŝŶŐ͕ŚŝŶĂ͘D,ĞĂůƚŚ^ĞƌǀŝĐĞƐZĞƐĞĂƌĐŚ͕ϭϰ͗ϭϱϴ͘
>ŝ>͘ϮϬϬϬ͘dŚĞŽŶƚƌŝďƵƚŝŽŶŽĨ,ĞĂůƚŚ^ĞƌǀŝĐĞƚŽ,ĞĂůƚŚ/ŵƉƌŽǀĞŵĞŶƚ͘ŚŝŶĂ,ŽƐƉŝƚĂůDĂŶŐĞŵĞŶƚ͘
>ŝy͕ŚĞŶD͕tĂŶŐ͕^ŝ>͘ϮϬϭϴ͘&ŽƌŐŽŶĞĐĂƌĞĂŵŽŶŐŵŝĚĚůĞĂŐĞĚĂŶĚĞůĚĞƌůǇǁŝƚŚĐŚƌŽŶŝĐĚŝƐĞĂƐĞƐŝŶŚŝŶĂ͗
ĞǀŝĚĞŶĐĞĨƌŽŵƚŚĞŚŝŶĂ,ĞĂůƚŚĂŶĚZĞƚŝƌĞŵĞŶƚ>ŽŶŐŝƚƵĚŝŶĂů^ƚƵĚǇĂƐĞůŝŶĞ^ƵƌǀĞǇ͘D:ŽƉĞŶ͕ϴ͗
ĞϬϭϵϵϬϭͲĞϬϭϵϵϬϭ͘
>ŝy͕>ŝ͕,ƵĂŶŐ>͘ϮϬϭϰď͘dŚĞŚĞĂůƚŚƉƌŽĚƵĐƚŝŽŶĞĨĨŝĐŝĞŶĐŝĞƐĂŶĚŝƚƐĐŚĂŶŐĞƐŽĨŚŝŶĂͲĂĐŽŵƉĂƌĂƚŝǀĞƐƚƵĚǇ
ďĂƐĞŽŶ͕^&ĂŶĚ/ŶĚĞǆŽĨDĂůŵƋƵŝƐƚ͘:ŽƵƌŶĂůŽĨƉƉůŝĞĚ^ƚĂƚŝƐƚŝĐƐĂŶĚDĂŶĂŐĞŵĞŶƚ͕ϯϯ͗ϴϳϴͲϴϴϵ͘



ϭϯϲ

>ŝy͕>Ƶ:͕,Ƶ^͕ĞƚĂů͘ϮϬϭϳĂ͘dŚĞƉƌŝŵĂƌǇŚĞĂůƚŚͲĐĂƌĞƐǇƐƚĞŵŝŶŚŝŶĂ͘dŚĞ>ĂŶĐĞƚ͕ϯϵϬ͗ϮϱϴϰͲϮϱϵϰ͘
>ŝz͕tƵY͕yƵ>͕ĞƚĂů͘ϮϬϭϮ͘&ĂĐƚŽƌƐĂĨĨĞĐƚŝŶŐĐĂƚĂƐƚƌŽƉŚŝĐŚĞĂůƚŚĞǆƉĞŶĚŝƚƵƌĞĂŶĚŝŵƉŽǀĞƌŝƐŚŵĞŶƚĨƌŽŵ
ŵĞĚŝĐĂůĞǆƉĞŶƐĞƐŝŶŚŝŶĂ͗ƉŽůŝĐǇŝŵƉůŝĐĂƚŝŽŶƐŽĨƵŶŝǀĞƌƐĂůŚĞĂůƚŚŝŶƐƵƌĂŶĐĞ͘ƵůůĞƚŝŶŽĨƚŚĞtŽƌůĚ
,ĞĂůƚŚKƌŐĂŶŝǌĂƚŝŽŶ͕ϵϬ͗ϲϲϰͲϲϳϭ͘
>ŝz͕ĞŶŐy͕>ŝƵ:͕ĞƚĂů͘ϮϬϭϳď͘ĂŶŚŝŶĂĂĐŚŝĞǀĞĂŽŶĞͲƚŚŝƌĚƌĞĚƵĐƚŝŽŶŝŶƉƌĞŵĂƚƵƌĞŵŽƌƚĂůŝƚǇĨƌŽŵŶŽŶͲ
ĐŽŵŵƵŶŝĐĂďůĞĚŝƐĞĂƐĞƐďǇϮϬϯϬ͍DDĞĚŝĐŝŶĞ͕ϭϱ͗ϭϯϮ͘
>ŝŶŶĂD͕,ćŬŬŝŶĞŶh͕WĞůƚŽůĂD͕ĞƚĂů͘ϮϬϭϬ͘DĞĂƐƵƌŝŶŐĐŽƐƚĞĨĨŝĐŝĞŶĐǇŝŶƚŚĞEŽƌĚŝĐ,ŽƐƉŝƚĂůƐͶĂĐƌŽƐƐͲ
ƐĞĐƚŝŽŶĂůĐŽŵƉĂƌŝƐŽŶŽĨƉƵďůŝĐŚŽƐƉŝƚĂůƐŝŶϮϬϬϮ͘,ĞĂůƚŚĂƌĞDĂŶĂŐĞŵĞŶƚ^ĐŝĞŶĐĞ͕ϭϯ͗ϯϰϲͲϯϱϳ͘
>ŽƚŚŐƌĞŶD͕dĂŵďŽƵƌD͘ϭϵϵϵ͘ŽŽƚƐƚƌĂƉƉŝŶŐƚŚĞĚĂƚĂĞŶǀĞůŽƉŵĞŶƚĂŶĂůǇƐŝƐDĂůŵƋƵŝƐƚƉƌŽĚƵĐƚŝǀŝƚǇŝŶĚĞǆ͘
ƉƉůŝĞĚĐŽŶŽŵŝĐƐ͕ϯϭ͗ϰϭϳͲϰϮϱ͘
>ŽǀĞůů<͘ϮϬϬϯ͘dŚĞĞĐŽŵƉŽƐŝƚŝŽŶŽĨDĂůŵƋƵŝƐƚWƌŽĚƵĐƚŝǀŝƚǇ/ŶĚĞǆĞƐ͘:ŽƵƌŶĂůŽĨWƌŽĚƵĐƚŝǀŝƚǇŶĂůǇƐŝƐ͕ϮϬ͗
ϰϯϳͲϰϱϴ͘
>Ƶ:͕>Ƶz͕tĂŶŐy͕ĞƚĂů͘ϮϬϭϳ͘WƌĞǀĂůĞŶĐĞ͕ĂǁĂƌĞŶĞƐƐ͕ƚƌĞĂƚŵĞŶƚ͕ĂŶĚĐŽŶƚƌŽůŽĨŚǇƉĞƌƚĞŶƐŝŽŶŝŶŚŝŶĂ͗ĚĂƚĂ
ĨƌŽŵϭͼϳŵŝůůŝŽŶĂĚƵůƚƐŝŶĂƉŽƉƵůĂƚŝŽŶͲďĂƐĞĚƐĐƌĞĞŶŝŶŐƐƚƵĚǇ;ŚŝŶĂWDŝůůŝŽŶWĞƌƐŽŶƐWƌŽũĞĐƚͿ͘
dŚĞ>ĂŶĐĞƚ͕ϯϵϬ͗ϮϱϰϵͲϮϱϱϴ͘
>Ƶ^͕<ƵŽ͘ϮϬϭϮ͘,ŽƐƉŝƚĂůŚĂƌŐĞƐŽĨWŽƚĞŶƚŝĂůůǇWƌĞǀĞŶƚĂďůĞWĞĚŝĂƚƌŝĐ,ŽƐƉŝƚĂůŝǌĂƚŝŽŶƐ͘ĐĂĚĞŵŝĐWĞĚŝĂƚƌŝĐƐ͕
ϭϮ͗ϰϯϲͲϰϰϰ͘
>ƵŽ>͕,ƵD͘ϮϬϬϴ͘ŶĂŶĂůǇƐŝƐŽŶƚŚĞƉƌŽĚƵĐƚŝǀĞĞĨĨŝĐŝĞŶĐǇŽĨŚŝŶĂΖƐƌĞŐŝŽŶĂůŚĞĂůƚŚĂŶĚĐĂƌĞƐĞƌǀŝĐĞƐ͘
^ƚĂƚŝƐƚŝĐƐΘŝŶĨŽƌŵĂƚŝŽŶĨŽƌƵŵ͕Ϯϯ͗ϰϳͲϱϭ͘
DĂ:͕>ƵD͕,ƵĚĞY͘ϮϬϬϴ͘&ƌŽŵEĂƚŝŽŶĂů͕ĞŶƚƌĂůůǇWůĂŶŶĞĚ,ĞĂůƚŚ^ǇƐƚĞŵdŽ^ǇƐƚĞŵĂƐĞĚKŶdŚĞ
DĂƌŬĞƚ͗>ĞƐƐŽŶƐ&ƌŽŵŚŝŶĂ͘,ĞĂůƚŚĨĨĂŝƌƐ͕Ϯϳ͗ϭϮ͘
DĂĐŝŶŬŽ:͕KůŝǀĞŝƌĂsĚ͕dƵƌĐŝD͕ĞƚĂů͘ϮϬϭϭ͘dŚĞ/ŶĨůƵĞŶĐĞŽĨWƌŝŵĂƌǇĂƌĞĂŶĚ,ŽƐƉŝƚĂů^ƵƉƉůǇŽŶ
ŵďƵůĂƚŽƌǇĂƌĞʹ^ĞŶƐŝƚŝǀĞ,ŽƐƉŝƚĂůŝǌĂƚŝŽŶƐŵŽŶŐĚƵůƚƐŝŶƌĂǌŝů͕ϭϵϵϵʹϮϬϬϳ͘ŵĞƌŝĐĂŶ:ŽƵƌŶĂůŽĨ
WƵďůŝĐ,ĞĂůƚŚ͕ϭϬϭ͗ϭϵϲϯͲϭϵϳϬ͘
DĞŶŐY͕zĂŶŐ,͕ŚĞŶt͕^ƵŶY͕>ŝƵy͘ϮϬϭϱ͘WĞŽƉůĞ͛ƐZĞƉƵďůŝĐŽĨŚŝŶĂ,ĞĂůƚŚ^ǇƐƚĞŵZĞǀŝĞǁ͘tŽƌůĚ,ĞĂůƚŚ
KƌŐĂŶŝǌĂƚŝŽŶ͘
DĞƌĂůŝ,^͕>ŝƉƐŝƚǌ^͕,ĞǀĞůŽŶĞE͕ĞƚĂů͘ϮϬϭϰ͘ƵĚŝƚͲŝĚĞŶƚŝĨŝĞĚĂǀŽŝĚĂďůĞĨĂĐƚŽƌƐŝŶŵĂƚĞƌŶĂůĂŶĚƉĞƌŝŶĂƚĂůĚĞĂƚŚƐ
ŝŶůŽǁƌĞƐŽƵƌĐĞƐĞƚƚŝŶŐƐ͗ĂƐǇƐƚĞŵĂƚŝĐƌĞǀŝĞǁ͘DWƌĞŐŶĂŶĐǇĂŶĚŚŝůĚďŝƌƚŚ͕ϭϰ͗ϮϴϬ͘
DŝůůŵĂŶD>͘ϭϵϵϯ͘ĐĐĞƐƐƚŽ,ĞĂůƚŚĂƌĞŝŶŵĞƌŝĐĂ͘EĂƚŝŽŶĂůĐĂĚĞŵǇWƌĞƐƐ͕tĂƐŚŝŶŐƚŽŶ͕͘
DŝƌŵŝƌĂŶŝ^͕>ŝ,͘ϮϬϬϴ͘,ĞĂůƚŚĂƌĞĨĨŝĐŝĞŶĐǇŝŶdƌĂŶƐŝƚŝŽŶĐŽŶŽŵŝĞƐ͗ŶƉƉůŝĐĂƚŝŽŶŽĨĂƚĂŶǀĞůŽƉŵĞŶƚ
ŶĂůǇƐŝƐ͘ŝŶƚĞƌŶĂƚŝŽŶĂůƵƐŝŶĞƐƐΘĐŽŶŽŵŝĐƐZĞƐĞĂƌĐŚ:ŽƵƌŶĂů͕ϳ͗ϭϬ͘
DŽƌĂŶs͕:ĂĐŽďƐZ͘ϮϬϭϯ͘ŶŝŶƚĞƌŶĂƚŝŽŶĂůĐŽŵƉĂƌŝƐŽŶŽĨĞĨĨŝĐŝĞŶĐǇŽĨŝŶƉĂƚŝĞŶƚŵĞŶƚĂůŚĞĂůƚŚĐĂƌĞƐǇƐƚĞŵƐ͘
,ĞĂůƚŚWŽůŝĐǇ͕ϭϭϮ͗ϴϴͲϵϵ͘
DŽƐĞƐDt͕WĞĚƌŽǌĂW͕ĂƌĂůZ͕ĞƚĂů͘ϮϬϭϵ͘&ƵŶĚŝŶŐĂŶĚƐĞƌǀŝĐĞƐŶĞĞĚĞĚƚŽĂĐŚŝĞǀĞƵŶŝǀĞƌƐĂůŚĞĂůƚŚĐŽǀĞƌĂŐĞ͗
ĂƉƉůŝĐĂƚŝŽŶƐŽĨŐůŽďĂů͕ƌĞŐŝŽŶĂů͕ĂŶĚŶĂƚŝŽŶĂůĞƐƚŝŵĂƚĞƐŽĨƵƚŝůŝƐĂƚŝŽŶŽĨŽƵƚƉĂƚŝĞŶƚǀŝƐŝƚƐĂŶĚŝŶƉĂƚŝĞŶƚ
ĂĚŵŝƐƐŝŽŶƐĨƌŽŵϭϵϵϬƚŽϮϬϭϲ͕ĂŶĚƵŶŝƚĐŽƐƚƐĨƌŽŵϭϵϵϱƚŽϮϬϭϲ͘dŚĞ>ĂŶĐĞƚWƵďůŝĐ,ĞĂůƚŚ͕ϰ͗ĞϰϵͲĞϳϯ͘
DƵƌƌĂǇ͕&ƌĞŶŬ:͘ϮϬϬϭ͘tŽƌůĚ,ĞĂůƚŚZĞƉŽƌƚϮϬϬϬ͗ĂƐƚĞƉƚŽǁĂƌĚƐĞǀŝĚĞŶĐĞͲďĂƐĞĚŚĞĂůƚŚƉŽůŝĐǇ͘>ĂŶĐĞƚ͕ϯϱϳ͗
ϯ͘
EĂƚŝŽŶĂůƵƌĞĂƵŽĨ^ƚĂƚŝƐƚŝĐƐ͘ϮϬϭϳ͘ŚŝŶĂ^ƚĂƚŝƐƚŝĐĂůzĞĂƌďŽŽŬ͘ŚŝŶĂ^ƚĂƚŝƐƚŝĐƐWƌĞƐƐ͘
EĂƚŝŽŶĂů,ĞĂůƚŚĂŶĚ&ĂŵŝůǇWůĂŶŶŝŶŐŽŵŵŝƐƐŝŽŶ͘ϮϬϭϲ͘ŚŝŶĂ,ĞĂůƚŚĂŶĚ&ĂŵŝůǇWůĂŶŶŝŶŐ^ƚĂƚŝƐƚŝĐĂůzĞĂƌďŽŽŬ
ϮϬϭϲ͘WĞŬŝŶŐhŶŝŽŶDĞĚŝĐĂůŽůůĞŐĞWƵďůŝƐŚŝŶŐ,ŽƵƐĞ͘
EŐz͘ϮϬϬϴ͘dŚĞWƌŽĚƵĐƚŝǀĞĨĨŝĐŝĞŶĐǇŽĨƚŚĞ,ĞĂůƚŚĂƌĞ^ĞĐƚŽƌŽĨŚŝŶĂ͘dŚĞZĞǀŝĞǁŽĨZĞŐŝŽŶĂů^ƚƵĚŝĞƐ͕ϯϴ͗
ϯϴϭͲϯϵϯ͘
EŝƚŝD͕EŐdW͘ϮϬϬϯ͘ǀŽŝĚĂďůĞŚŽƐƉŝƚĂůŝƐĂƚŝŽŶƌĂƚĞƐŝŶ^ŝŶŐĂƉŽƌĞ͕ϭϵϵϭͲϭϵϵϴ͗ĂƐƐĞƐƐŝŶŐƚƌĞŶĚƐĂŶĚŝŶĞƋƵŝƚŝĞƐŽĨ
ƋƵĂůŝƚǇŝŶƉƌŝŵĂƌǇĐĂƌĞ͘:ƉŝĚĞŵŝŽůŽŵŵƵŶŝƚǇ,ĞĂůƚŚ͕ϱϳ͗ϭϳͲϮϮ͘
K͘ϮϬϬϮ͘DĞĂƐƵƌŝŶŐhƉ͗/ŵƉƌŽǀŝŶŐ,ĞĂůƚŚ^ǇƐƚĞŵWĞƌĨŽƌŵĂŶĐĞŝŶKŽƵŶƚƌŝĞƐKWƵďůŝƐŚŝŶŐ͕WĂƌŝƐ͘
K͘ϮϬϭϱ͘K,ĞĂůƚŚ^ƚĂƚŝƐƚŝĐƐϮϬϭϱ͘
K͘ϮϬϭϳ͘,ĞĂůƚŚĂƚĂ'ůĂŶĐĞϮϬϭϳ͘
Kƌ͕tĂŶŐ:͕:ĂŵŝƐŽŶ͘ϮϬϬϱ͘/ŶƚĞƌŶĂƚŝŽŶĂůĚŝĨĨĞƌĞŶĐĞƐŝŶƚŚĞŝŵƉĂĐƚŽĨĚŽĐƚŽƌƐŽŶŚĞĂůƚŚ͗ĂŵƵůƚŝůĞǀĞů
ĂŶĂůǇƐŝƐŽĨKĐŽƵŶƚƌŝĞƐ͘:ŽƵƌŶĂůŽĨ,ĞĂůƚŚĐŽŶŽŵŝĐƐ͕Ϯϰ͗ϱϯϭͲϱϲϬ͘
WĂůĂŶŐŬĂƌĂǇĂ͕zŽŶŐ:͘ϮϬϬϵ͘WŽƉƵůĂƚŝŽŶĂŐĞŝŶŐĂŶĚŝƚƐŝŵƉůŝĐĂƚŝŽŶƐŽŶĂŐŐƌĞŐĂƚĞŚĞĂůƚŚĐĂƌĞĚĞŵĂŶĚ͗
ĞŵƉŝƌŝĐĂůĞǀŝĚĞŶĐĞĨƌŽŵϮϮKĐŽƵŶƚƌŝĞƐ͘/ŶƚĞƌŶĂƚŝŽŶĂů:ŽƵƌŶĂůŽĨ,ĞĂůƚŚĂƌĞ&ŝŶĂŶĐĞĂŶĚ
ĐŽŶŽŵŝĐƐ͕ϵ͗ϯϵϭ͘
WĂůŵĞƌ^͕dŽƌŐĞƌƐŽŶ:͘ϭϵϵϵ͘ĞĨŝŶŝƚŝŽŶƐŽĨĞĨĨŝĐŝĞŶĐǇ͘D:͕ϯϭϴ͗ϭ͘
WĠƌĞǌͲĄƌĐĞůĞƐD͕'ſŵĞǌͲ'ĂůůĞŐŽ:͕'ſŵĞǌͲ'ĂůůĞŐŽD͘ϮϬϭϴ͘ŶǀŝƌŽŶŵĞŶƚĂůĨĂĐƚŽƌƐĂĨĨĞĐƚŝŶŐƵƌŽƉĞĂŶĂŶĚ
ĞŶƚƌĂůƐŝĂŶŚĞĂůƚŚͲƐǇƐƚĞŵƐ͛ďŝĂƐͲĐŽƌƌĞĐƚĞĚĞĨĨŝĐŝĞŶĐǇ͘ƉƉůŝĞĚĐŽŶŽŵŝĐƐ͕ϱϬ͗ϯϰϯϮͲϯϰϰϬ͘



ϭϯϳ

WƵƌĚǇ^͕'ƌŝĨĨŝŶd͕^ĂůŝƐďƵƌǇ͕^ŚĂƌƉ͘ϮϬϬϵ͘ŵďƵůĂƚŽƌǇĐĂƌĞƐĞŶƐŝƚŝǀĞĐŽŶĚŝƚŝŽŶƐ͗ƚĞƌŵŝŶŽůŽŐǇĂŶĚĚŝƐĞĂƐĞ
ĐŽĚŝŶŐŶĞĞĚƚŽďĞŵŽƌĞƐƉĞĐŝĨŝĐƚŽĂŝĚƉŽůŝĐǇŵĂŬĞƌƐĂŶĚĐůŝŶŝĐŝĂŶƐ͘WƵďůŝĐ,ĞĂůƚŚ͕ϭϮϯ͗ϭϲϵͲϳϯ͘
ZĂŵĞƐŚD͕tƵy͕,Ğ:͘ϮϬϭϰ͘,ĞĂůƚŚŐŽǀĞƌŶĂŶĐĞĂŶĚŚĞĂůƚŚĐĂƌĞƌĞĨŽƌŵƐŝŶŚŝŶĂ͘,ĞĂůƚŚWŽůŝĐǇĂŶĚWůĂŶŶŝŶŐ͕
Ϯϵ͗ϲϲϯͲϲϳϮ͘
ZĂǀĂŶŐĂƌĚZ͕,ĂƚĂŵE͕dĞŝŵŽƵƌŝǌĂĚ͕:ĂĨĂƌŝ͘ϮϬϭϰ͘&ĂĐƚŽƌƐĂĨĨĞĐƚŝŶŐƚŚĞƚĞĐŚŶŝĐĂůĞĨĨŝĐŝĞŶĐǇŽĨŚĞĂůƚŚ
ƐǇƐƚĞŵƐ͗ĐĂƐĞƐƚƵĚǇŽĨĐŽŶŽŵŝĐŽŽƉĞƌĂƚŝŽŶKƌŐĂŶŝǌĂƚŝŽŶ;KͿĐŽƵŶƚƌŝĞƐ;ϮϬϬϰͲϭϬͿ͘/ŶƚĞƌŶĂƚŝŽŶĂů
ũŽƵƌŶĂůŽĨŚĞĂůƚŚƉŽůŝĐǇĂŶĚŵĂŶĂŐĞŵĞŶƚ͕ϯ͗ϲϯͲϲϵ͘
ZŝǌǌĂW͕ŝĂŶĐŽ͕WĂǀŝĂD͕ŶŐĞůŝůůŽ/&͘ϮϬϬϳ͘WƌĞǀĞŶƚĂďůĞŚŽƐƉŝƚĂůŝǌĂƚŝŽŶĂŶĚĂĐĐĞƐƐƚŽƉƌŝŵĂƌǇŚĞĂůƚŚĐĂƌĞŝŶ
ĂŶĂƌĞĂŽĨ^ŽƵƚŚĞƌŶ/ƚĂůǇ͘D,ĞĂůƚŚ^ĞƌǀŝĐĞƐZĞƐĞĂƌĐŚ͕ϳ͗ϭϯϰ͘
ZŽĚƌşŐƵĞǌDĂƌƚşŶ:͕,ŽůŐĂĚŽDŽůŝŶĂDĚD͕^ĂůŝŶĂƐ&ĞƌŶĄŶĚĞǌ:͘ϮϬϭϱ͘ŶŝŶĚĞǆĨŽƌƋƵĂŶƚŝĨǇŝŶŐĨĞŵĂůĞ
ĞĚƵĐĂƚŝŽŶĂŶĚĐŚŝůĚŚĞĂůƚŚŝŶĞŵĞƌŐŝŶŐĞĐŽŶŽŵŝĞƐ͘ƌĐŚŝǀĞƐŽĨŝƐĞĂƐĞŝŶŚŝůĚŚŽŽĚ͕ϭϬϬ͗^ϭϬͲ^ϭϮ͘
ZŽĚƌŝŬ͘ϮϬϭϯ͘dŚĞWĂƐƚ͕WƌĞƐĞŶƚ͕ĂŶĚ&ƵƚƵƌĞŽĨĐŽŶŽŵŝĐ'ƌŽǁƚŚ͘
ZŽŽƐ>>͕tĂůůĚZ͕hŚĂŶŽǀĂ:͕ŽŶĚZ͘ϮϬϬϱ͘WŚǇƐŝĐŝĂŶsŝƐŝƚƐ͕,ŽƐƉŝƚĂůŝǌĂƚŝŽŶƐ͕ĂŶĚ^ŽĐŝŽĞĐŽŶŽŵŝĐ^ƚĂƚƵƐ͗
ŵďƵůĂƚŽƌǇĂƌĞ^ĞŶƐŝƚŝǀĞŽŶĚŝƚŝŽŶƐŝŶĂĂŶĂĚŝĂŶ^ĞƚƚŝŶŐ͘,ĞĂůƚŚ^ĞƌǀŝĐĞƐZĞƐĞĂƌĐŚ͕ϰϬ͗ϭϭϲϳͲϭϭϴϱ͘
ZƵďŝŶƐƚĞŝŶ͕ĂƌĂŶŝD͕>ŽƉĞǌ^͘ϮϬϭϴ͘YƵĂůŝƚǇĨŝƌƐƚĨŽƌĞĨĨĞĐƚŝǀĞƵŶŝǀĞƌƐĂůŚĞĂůƚŚĐŽǀĞƌĂŐĞŝŶůŽǁͲŝŶĐŽŵĞĂŶĚ
ŵŝĚĚůĞͲŝŶĐŽŵĞĐŽƵŶƚƌŝĞƐ͘dŚĞ>ĂŶĐĞƚ'ůŽďĂů,ĞĂůƚŚ͕ϲ͗ĞϭϭϰϮͲĞϭϭϰϯ͘
ZǇĂŶD͘ϮϬϭϬ͘ŚŝŶĂΖƐŚĞĂůƚŚƐǇƐƚĞŵĂŶĚƚŚĞŶĞǆƚϮϬǇĞĂƌƐŽĨƌĞĨŽƌŵ͘/Ŷ͗'ĂƌŶĂƵƚZ͕'ŽůůĞǇ:͕^ŽŶŐ>;ĞĚƐͿ͘
ŚŝŶĂΖƐŚĞĂůƚŚƐǇƐƚĞŵĂŶĚƚŚĞŶĞǆƚϮϬǇĞĂƌƐŽĨƌĞĨŽƌŵ͘
^ĂŶĚĞƌƐ>D͕&ĞĚĞƌŝĐŽ^͕<ůĂƐƐW͕ďƌĂŵƐD͕ƌĞǇĞƌ͘ϮϬϬϵ͘>ŝƚĞƌĂĐǇĂŶĚĐŚŝůĚŚĞĂůƚŚ͗ƐǇƐƚĞŵĂƚŝĐƌĞǀŝĞǁ͘
ƌĐŚŝǀĞƐŽĨWĞĚŝĂƚƌŝĐƐΘĚŽůĞƐĐĞŶƚDĞĚŝĐŝŶĞ͕ϭϲϯ͗ϭϯϭͲϭϰϬ͘
^ĂŶĚĞƌƐŽŶ͕ŝǆŽŶ:͘ϮϬϬϬ͘ŽŶĚŝƚŝŽŶƐĨŽƌtŚŝĐŚKŶƐĞƚŽƌ,ŽƐƉŝƚĂůĚŵŝƐƐŝŽŶŝƐWŽƚĞŶƚŝĂůůǇWƌĞǀĞŶƚĂďůĞďǇ
dŝŵĞůǇĂŶĚĨĨĞĐƚŝǀĞŵďƵůĂƚŽƌǇĂƌĞ͘:ŽƵƌŶĂůŽĨ,ĞĂůƚŚ^ĞƌǀŝĐĞƐZĞƐĞĂƌĐŚΘWŽůŝĐǇ͕ϱ͗ϮϮϮͲϮϯϬ͘
^ĞŝĨŽƌĚ>D͕dŚƌĂůůZD͘ϭϵϵϬ͘ZĞĐĞŶƚĚĞǀĞůŽƉŵĞŶƚƐŝŶ͘:ŽƵƌŶĂůŽĨĐŽŶŽŵĞƚƌŝĐƐ͕ϰϲ͗ϳͲϯϴ͘
^ŚĂŝŶD͕ZŽĞŵĞƌD/͘ϭϵϱϵ͘,ŽƐƉŝƚĂůĐŽƐƚƐƌĞůĂƚĞƚŽƚŚĞƐƵƉƉůǇŽĨďĞĚƐ͘DŽĚ,ŽƐƉ͕ϵϮ͗ϳϭͲϯƉĂƐƐŝŵ͘
^ŚĞĞƌŝŶ/͕ůůĞŶ'͕,ĞŶĂƌĞD͕ƌĂŝŐ<͘ϮϬϬϲ͘ǀŽŝĚĂďůĞŚŽƐƉŝƚĂůŝƐĂƚŝŽŶƐ͗ƉŽƚĞŶƚŝĂůĨŽƌƉƌŝŵĂƌǇĂŶĚƉƵďůŝĐŚĞĂůƚŚ
ŝŶŝƚŝĂƚŝǀĞƐŝŶĂŶƚĞƌďƵƌǇ͕EĞǁĞĂůĂŶĚ͘dŚĞEĞǁĞĂůĂŶĚDĞĚŝĐĂů:ŽƵƌŶĂů͕ϭϭϵ͘
^ŝŵĂƌ>͕tŝůƐŽŶWt͘ϭϵϵϵ͘ƐƚŝŵĂƚŝŶŐĂŶĚďŽŽƚƐƚƌĂƉƉŝŶŐDĂůŵƋƵŝƐƚŝŶĚŝĐĞƐ͘ƵƌŽƉĞĂŶ:ŽƵƌŶĂůŽĨKƉĞƌĂƚŝŽŶĂů
ZĞƐĞĂƌĐŚ͕ϭϭϱ͗ϰϱϵͲϰϳϭ͘
^ŝŵĂƌ>͕tŝůƐŽŶWt͘ϮϬϬϮ͘EŽŶͲƉĂƌĂŵĞƚƌŝĐƚĞƐƚƐŽĨƌĞƚƵƌŶƐƚŽƐĐĂůĞ͘ƵƌŽƉĞĂŶ:ŽƵƌŶĂůŽĨKƉĞƌĂƚŝŽŶĂůZĞƐĞĂƌĐŚ͕
ϭϯϵ͗ϭϭϱͲϭϯϮ͘
^ŬŝŶŶĞƌ:͕^ƚĂŝŐĞƌ͘ϮϬϭϱ͘dĞĐŚŶŽůŽŐǇŝĨĨƵƐŝŽŶĂŶĚWƌŽĚƵĐƚŝǀŝƚǇ'ƌŽǁƚŚŝŶ,ĞĂůƚŚĂƌĞ͘dŚĞZĞǀŝĞǁŽĨ
ĐŽŶŽŵŝĐƐĂŶĚ^ƚĂƚŝƐƚŝĐƐ͕ϵϳ͗ϵϱϭͲϵϲϰ͘
^ŵŝƚŚW͘ϮϬϬϮ͘DĞĂƐƵƌŝŶŐŚĞĂůƚŚƐǇƐƚĞŵƉĞƌĨŽƌŵĂŶĐĞ͘dŚĞƵƌŽƉĞĂŶ:ŽƵƌŶĂůŽĨ,ĞĂůƚŚĐŽŶŽŵŝĐƐ͕ϯ͗ϭϰϱͲϭϰϴ͘
^ƚĂŵƉ<D͕ƵĐŬĞƚƚ^:͕&ŝƐŚĞƌ͘ϭϵϵϴ͘,ŽƐƉŝƚĂůƵƐĞĨŽƌƉŽƚĞŶƚŝĂůůǇƉƌĞǀĞŶƚĂďůĞĐŽŶĚŝƚŝŽŶƐŝŶĂďŽƌŝŐŝŶĂůĂŶĚ
dŽƌƌĞƐ^ƚƌĂŝƚ/ƐůĂŶĚĞƌĂŶĚŽƚŚĞƌƵƐƚƌĂůŝĂŶƉŽƉƵůĂƚŝŽŶƐ͘ƵƐƚE:WƵďůŝĐ,ĞĂůƚŚ͕ϮϮ͗ϲϳϯͲϴ͘
^ƚĂƚĂŽƌƉ͘ϮϬϭϳĂ͘>ŽŶŐŝƚƵĚŝŶĂůͲĂƚĂͬWĂŶĞůͲĂƚĂZĞĨĞƌĞŶĐĞDĂŶƵĂů͘^ƚĂƚĂWƌĞƐƐ͕dĞǆĂƐ͘
^ƚĂƚĂŽƌƉ͘ϮϬϭϳď͘^ƚĂƚĂĞǆƚĞŶĚĞĚƌĞŐƌĞƐƐŝŽŶŵŽĚĞůƐƌĞĨĞƌĞŶĐĞŵĂŶƵĂůƌĞůĞĂƐĞϭϱ͘^ƚĂƚĂWƌĞƐƐdĞǆĂƐ͕Ϯϱϰ͘
^ƚĞŝŶŵĂŶŶ>͕ŝƚƚƌŝĐŚ'͕<ĂƌŵĂŶŶ͕ǁĞŝĨĞůW͘ϮϬϬϰ͘DĞĂƐƵƌŝŶŐĂŶĚĐŽŵƉĂƌŝŶŐƚŚĞ;ŝŶͿĞĨĨŝĐŝĞŶĐǇŽĨ'ĞƌŵĂŶ
ĂŶĚ^ǁŝƐƐŚŽƐƉŝƚĂůƐ͘dŚĞƵƌŽƉĞĂŶ:ŽƵƌŶĂůŽĨ,ĞĂůƚŚĐŽŶŽŵŝĐƐ͕ĨŽƌŵĞƌůǇ͗,W͕ϱ͗ϮϭϲͲϮϮϲ͘
^ƚƌŝŶŐŚŝŶŝ^͕ĂƌŵĞůŝ͕:ŽŬĞůĂD͕ĞƚĂů͘ϮϬϭϳ͘^ŽĐŝŽĞĐŽŶŽŵŝĐƐƚĂƚƵƐĂŶĚƚŚĞϮϱയпയϮϱƌŝƐŬĨĂĐƚŽƌƐĂƐĚĞƚĞƌŵŝŶĂŶƚƐ
ŽĨƉƌĞŵĂƚƵƌĞŵŽƌƚĂůŝƚǇ͗ĂŵƵůƚŝĐŽŚŽƌƚƐƚƵĚǇĂŶĚŵĞƚĂͲĂŶĂůǇƐŝƐŽĨϭͼϳŵŝůůŝŽŶŵĞŶĂŶĚǁŽŵĞŶ͘dŚĞ
>ĂŶĐĞƚ͕ϯϴϵ͗ϭϮϮϵͲϭϮϯϳ͘
^Ƶ>,͕:ŝĂŶŐY͕ŚŽƵ,>͕ŚĂŶŐ͘ϮϬϭϲ͘ŶĂůǇƐŝƐŽĨƵŶƌĞĂƐŽŶĂďůĞĂĚŵŝƐƐŝŽŶŽĨŶŽŶͲĐŽŵŵƵŶŝĐĂďůĞĐŚƌŽŶŝĐ
ĚŝƐĞĂƐĞƐŝŶŚŝŶĂ͘ŚŝŶĞƐĞ,ĞĂůƚŚĐŽŶŽŵŝĐƐ͕ϯϱ͗ϳϬͲϳϯ͘
^ƵŶ͕ŚŶ,͕>ŝĞǀĞŶƐd͕ĞŶŐt͘ϮϬϭϳ͘ǀĂůƵĂƚŝŽŶŽĨƚŚĞƉĞƌĨŽƌŵĂŶĐĞŽĨŶĂƚŝŽŶĂůŚĞĂůƚŚƐǇƐƚĞŵƐŝŶϮϬϬϰͲϮϬϭϭ͗
ŶĂŶĂůǇƐŝƐŽĨϭϳϯĐŽƵŶƚƌŝĞƐ͘W>K^KE͕ϭϮ͗ĞϬϭϳϯϯϰϲ͘
^ƵŶY͕'ƵŽy͕DĞŶŐY͘ϮϬϭϮ͘ĨĨŝĐŝĞŶĐǇŶĂůǇƐŝƐŽĨDŝŶŝƐƚƌǇŽĨ,ĞĂůƚŚΖƐϱϳ,ŽƐƉŝƚĂůƐ͘ŚŝŶƐĞ,ĞĂůƚŚ
ĐŽŶŽŵŝĐƐ͕ϯϭ͗ϯ͘
^ƵŶĚŵĂĐŚĞƌ>͕&ŝƐĐŚďĂĐŚ͕^ĐŚƵĞƚƚŝŐt͕ĞƚĂů͘ϮϬϭϱ͘tŚŝĐŚŚŽƐƉŝƚĂůŝƐĂƚŝŽŶƐĂƌĞĂŵďƵůĂƚŽƌǇĐĂƌĞͲƐĞŶƐŝƚŝǀĞ͕ƚŽ
ǁŚĂƚĚĞŐƌĞĞ͕ĂŶĚŚŽǁĐŽƵůĚƚŚĞƌĂƚĞƐďĞƌĞĚƵĐĞĚ͍ZĞƐƵůƚƐŽĨĂŐƌŽƵƉĐŽŶƐĞŶƐƵƐƐƚƵĚǇŝŶ'ĞƌŵĂŶǇ͘
,ĞĂůƚŚWŽůŝĐǇ͕ϭϭϵ͗ϭϰϭϱͲϮϯ͘
dĂŶy͕tƵY͕^ŚĂŽ,͘ϮϬϭϴ͘'ůŽďĂůĐŽŵŵŝƚŵĞŶƚƐĂŶĚŚŝŶĂ͛ƐĞŶĚĞĂǀŽƌƐƚŽƉƌŽŵŽƚĞŚĞĂůƚŚĂŶĚĂĐŚŝĞǀĞ
ƐƵƐƚĂŝŶĂďůĞĚĞǀĞůŽƉŵĞŶƚŐŽĂůƐ͘:ŽƵƌŶĂůŽĨ,ĞĂůƚŚ͕WŽƉƵůĂƚŝŽŶĂŶĚEƵƚƌŝƚŝŽŶ͕ϯϳ͗ϴ͘
ƚŚĞWĞŶƚƌĂůŽŵŵŝƚƚĞĞĂŶĚƚŚĞ^ƚĂƚĞŽƵŶĐŝů͘ϮϬϬϴ͘KƉŝŶŝŽŶƐŽĨƚŚĞWĞŶƚƌĂůŽŵŵŝƚƚĞĞĂŶĚƚŚĞ^ƚĂƚĞ
ŽƵŶĐŝůŽŶĞĞƉĞŶŝŶŐƚŚĞ,ĞĂůƚŚĂƌĞ^ǇƐƚĞŵZĞĨŽƌŵ͘/Ŷ͗ŽƵŶĐŝůƚĂƚ^;ĞĚͿ͘ĞŝũŝŶŐ͘
dŚĞ>ĂŶĐĞƚ͘ϮϬϭϴ͘ŚŝŶĂƚŚƌŽƵŐŚƚŚĞůĞŶƐŽĨŚĞĂůƚŚŝŶϮϬϭϴĂŶĚďĞǇŽŶĚ͘dŚĞ>ĂŶĐĞƚ͕ϯϵϭ͗ϵϵϵ͘
dŚĞ^ƚĂƚĞŽƵŶĐŝůƚŚĞWĞŽƉůĞΖƐZĞƉƵďůŝĐŽĨŚŝŶĂ͘ϮϬϭϴ͘EĂƚŝŽŶƚŽƉƌŽŵŽƚĞ/ŶƚĞƌŶĞƚWůƵƐŚĞĂůƚŚĐĂƌĞ͘



ϭϯϴ

dŚǇŐĞƐĞŶ>͕ŽŶƐŽƌƚŝƵŵŽďŽ͕ŚƌŝƐƚŝĂŶƐĞŶd͕ĞƚĂů͘ϮϬϭϱ͘WŽƚĞŶƚŝĂůůǇĂǀŽŝĚĂďůĞŚŽƐƉŝƚĂůŝǌĂƚŝŽŶƐŝŶĨŝǀĞ
ƵƌŽƉĞĂŶĐŽƵŶƚƌŝĞƐŝŶϮϬϬϵĂŶĚƚŝŵĞƚƌĞŶĚƐĨƌŽŵϮϬϬϮƚŽϮϬϬϵďĂƐĞĚŽŶĂĚŵŝŶŝƐƚƌĂƚŝǀĞĚĂƚĂ͘
ƵƌŽƉĞĂŶ:ŽƵƌŶĂůŽĨWƵďůŝĐ,ĞĂůƚŚ͕Ϯϱ͗ϯϱͲϰϯ͘
hE^͘ϮϬϭϮ͘tŽƌůĚƉŽƉƵůĂƚŝŽŶƉƌŽƐƉĞĐƚƐ͗ƚŚĞϮϬϭϮƌĞǀŝƐŝŽŶ͘
hŶŝƚĞĚEĂƚŝŽŶƐ͘ϮϬϭϳ͘ϮϬϭϳZĞǀŝƐŝŽŶŽĨtŽƌůĚWŽƉƵůĂƚŝŽŶWƌŽƐƉĞĐƚƐ͘hŶŝƚĞĚEĂƚŝŽŶƐ͘
sĂŶ>ŽĞŶĞŶd͕&ĂďĞƌD:͕tĞƐƚĞƌƚ'W͕sĂŶĚĞŶĞƌŐD:͘ϮϬϭϲ͘dŚĞŝŵƉĂĐƚŽĨƉƌŝŵĂƌǇĐĂƌĞŽƌŐĂŶŝǌĂƚŝŽŶŽŶ
ĂǀŽŝĚĂďůĞŚŽƐƉŝƚĂůĂĚŵŝƐƐŝŽŶƐĨŽƌĚŝĂďĞƚĞƐŝŶϮϯĐŽƵŶƚƌŝĞƐ͘^ĐĂŶĚŝŶĂǀŝĂŶ:ŽƵƌŶĂůŽĨWƌŝŵĂƌǇ,ĞĂůƚŚ
ĂƌĞ͕ϯϰ͗ϱͲϭϮ͘
sĂƌĂďǇŽǀĂz͕DƺůůĞƌ:ͲD͘ϮϬϭϲ͘dŚĞĞĨĨŝĐŝĞŶĐǇŽĨŚĞĂůƚŚĐĂƌĞƉƌŽĚƵĐƚŝŽŶŝŶKĐŽƵŶƚƌŝĞƐ͗ƐǇƐƚĞŵĂƚŝĐƌĞǀŝĞǁ
ĂŶĚŵĞƚĂͲĂŶĂůǇƐŝƐŽĨĐƌŽƐƐͲĐŽƵŶƚƌǇĐŽŵƉĂƌŝƐŽŶƐ͘,ĞĂůƚŚWŽůŝĐǇ͕ϭϮϬ͗ϮϱϮͲϮϲϯ͘
tĂŐŶĞƌ:D͕^ŚŝŵƐŚĂŬ'͘ϮϬϬϬ͘WŚǇƐŝĐŝĂŶƉƌŽĨŝůŝŶŐƵƐŝŶŐĚĂƚĂĞŶǀĞůŽƉŵĞŶƚĂŶĂůǇƐŝƐ͗ĂĐĂƐĞƐƚƵĚǇ͘
/ŶƚĞƌŶĂƚŝŽŶĂů:ŽƵƌŶĂůŽĨ,ĞĂůƚŚĐĂƌĞdĞĐŚŶŽůŽŐǇĂŶĚDĂŶĂŐĞŵĞŶƚ͕Ϯ͗ϯϱϴͲϯϳϰ͘
tĂŶŐ>͕'ĂŽW͕ŚĂŶŐD͕ĞƚĂů͘ϮϬϭϳ͘WƌĞǀĂůĞŶĐĞĂŶĚƚŚŶŝĐWĂƚƚĞƌŶŽĨŝĂďĞƚĞƐĂŶĚWƌĞĚŝĂďĞƚĞƐŝŶŚŝŶĂŝŶ
ϮϬϭϯWƌĞǀĂůĞŶĐĞĂŶĚƚŚŶŝĐWĂƚƚĞƌŶŽĨŝĂďĞƚĞƐĂŶĚWƌĞĚŝĂďĞƚĞƐŝŶŚŝŶĂWƌĞǀĂůĞŶĐĞĂŶĚƚŚŶŝĐWĂƚƚĞƌŶ
ŽĨŝĂďĞƚĞƐĂŶĚWƌĞĚŝĂďĞƚĞƐŝŶŚŝŶĂ͘:D͕ϯϭϳ͗ϮϱϭϱͲϮϱϮϯ͘
tĂŶŐ^͕W͘DĂƌƋƵĞǌ͕>ĂŶŐĞŶďƌƵŶŶĞƌ:͘ϮϬϭϭ͘dŽǁĂƌĚĂ,ĞĂůƚŚǇĂŶĚ,ĂƌŵŽŶŝŽƵƐ>ŝĨĞŝŶŚŝŶĂ͗^ƚĞŵŵŝŶŐƚŚĞ
ZŝƐŝŶŐdŝĚĞŽĨEŽŶͲĐŽŵŵƵŶŝĐĂďůĞŝƐĞĂƐĞƐ͘
tĂŶŐz͕tĂŶŐt͘ϮϬϬϳ͘ƐĐĂůĂƚŝŽŶŝŶŚĞĂůƚŚĞǆƉĞŶĚŝƚƵƌĞĂŶĚĚŝĨĨŝĐƵůƚĂĐĐĞƐƐƚŽĐĂƌĞŝŶŚŝŶĂ͘ĞǀĞůŽƉŵĞŶƚŽĨ
^ŽĐŝĂů^ĞĐƵƌŝƚǇŝŶŚŝŶĂ͗,ĞĂůƚŚ^ĞƌǀŝĐĞƐĂŶĚWƌŽƚĞĐƚŝŽŶŝŶdƌĂŶƐĨŽƌŵĂƚŝŽŶ͘ŚĞŶ:͕tĂŶŐz;ĞĚƐͿĞĚŶ͘
ĞŝũŝŶŐ͗^ŽĐŝĂů^ĐŝĞŶĐĞĐĂĚĞŵŝĐWƌĞƐƐ͘
tĞŝƐďƌŽĚ͘ϭϵϵϭ͘dŚĞ,ĞĂůƚŚĂƌĞYƵĂĚƌŝůĞŵŵĂ͗ŶƐƐĂǇŽŶdĞĐŚŶŽůŽŐŝĐĂůŚĂŶŐĞ͕/ŶƐƵƌĂŶĐĞ͕YƵĂůŝƚǇŽĨ
ĂƌĞ͕ĂŶĚŽƐƚŽŶƚĂŝŶŵĞŶƚ͘:ŽƵƌŶĂůŽĨĐŽŶŽŵŝĐ>ŝƚĞƌĂƚƵƌĞ͕Ϯϵ͗ϱϮϯͲϱϱϮ͘
tĞŝƐƐŵĂŶ:^͕'ĂƚƐŽŶŝƐ͕ƉƐƚĞŝŶD͘ϭϵϵϮ͘ZĂƚĞƐŽĨĂǀŽŝĚĂďůĞŚŽƐƉŝƚĂůŝǌĂƚŝŽŶďǇŝŶƐƵƌĂŶĐĞƐƚĂƚƵƐŝŶ
DĂƐƐĂĐŚƵƐĞƚƚƐĂŶĚDĂƌǇůĂŶĚ͘:ĂŵĂ͕Ϯϲϴ͗ϮϯϴϴͲϵϰ͘
tŽƌůĚĂŶŬ͘ϭϵϵϯ͘tŽƌůĚĞǀĞůŽƉŵĞŶƚZĞƉŽƌƚϭϵϵϯ͗/ŶǀĞƐƚŝŶŐŝŶ,ĞĂůƚŚ͘
tŽƌůĚĂŶŬ͘ϮϬϭϲ͘ĞĞƉĞŶŝŶŐŚĞĂůƚŚƌĞĨŽƌŵŝŶŚŝŶĂ͗ďƵŝůĚŝŶŐŚŝŐŚͲƋƵĂůŝƚǇĂŶĚǀĂůƵĞͲďĂƐĞĚƐĞƌǀŝĐĞĚĞůŝǀĞƌǇͲ
ƉŽůŝĐǇƐƵŵŵĂƌǇ;ŶŐůŝƐŚͿ͘tŽƌůĚĂŶŬ'ƌŽƵƉ͘
tŽƌůĚĂŶŬ͕ƚŚĞĞǀĞůŽƉŵĞŶƚZĞƐĞĂƌĐŚĞŶƚĞƌŽĨƚŚĞ^ƚĂƚĞŽƵŶĐŝůW͘Z͘ŚŝŶĂ͘ϮϬϭϯ͘ŚŝŶĂϮϬϯϬ͗ƵŝůĚŝŶŐĂ
DŽĚĞƌŶ͕,ĂƌŵŽŶŝŽƵƐ͕ĂŶĚƌĞĂƚŝǀĞ^ŽĐŝĞƚǇ͘tŽƌůĚĂŶŬ͕tĂƐŚŝŶŐƚŽŶ͕͘
tŽƌůĚĂŶŬ'ƌŽƵƉ͕tŽƌůĚ,ĞĂůƚŚKƌŐĂŶŝǌĂƚŝŽŶ͕DŝŶŝƐƚƌǇŽĨ&ŝŶĂŶĐĞ͕ĞƚĂů͘ϮϬϭϲ͘ĞĞƉĞŶŝŶŐ,ĞĂůƚŚZĞĨŽƌŵ/Ŷ
ŚŝŶĂďƵŝůĚŝŶŐŚŝŐŚͲƋƵĂůŝƚǇĂŶĚsĂůƵĞͲďĂƐĞĚƐĞƌǀŝĐĞĚĞůŝǀĞƌǇ͘
tŽƌůĚ,ĞĂůƚŚKƌŐĂŶŝǌĂƚŝŽŶ͘ϮϬϬϬ͘dŚĞtŽƌůĚ,ĞĂůƚŚZĞƉŽƌƚϮϬϬϬͶ,ĞĂůƚŚǇƐƚĞŵƐ͗ŝŵƉƌŽǀŝŶŐƉĞƌĨŽƌŵĂŶĐĞ͘
tŽƌůĚ,ĞĂůƚŚKƌŐĂŶŝǌĂƚŝŽŶ͕'ĞŶĞǀĂ͘
tŽƌůĚ,ĞĂůƚŚKƌŐĂŶŝǌĂƚŝŽŶ͘ϮϬϭϬ͘dŚĞǁŽƌůĚŚĞĂůƚŚƌĞƉŽƌƚʹ,ĞĂůƚŚƐǇƐƚĞŵƐĨŝŶĂŶĐŝŶŐ͗ƚŚĞƉĂƚŚƚŽƵŶŝǀĞƌƐĂů
ĐŽǀĞƌĂŐĞ͘tŽƌůĚ,ĞĂůƚŚKƌŐĂŶŝǌĂƚŝŽŶ͘
tŽƌůĚ,ĞĂůƚŚKƌŐĂŶŝǌĂƚŝŽŶ͘ϮϬϭϳ͘'ůŽďĂů,ĞĂůƚŚKďƐĞƌǀĂƚŽƌǇĚĂƚĂƌĞƉŽƐŝƚŽƌǇ͘
tƵ͕>ĂŵdW͘ϮϬϭϲ͘hŶĚĞƌƵƐĞŽĨWƌŝŵĂƌǇĂƌĞŝŶŚŝŶĂ͗dŚĞ^ĐĂůĞ͕ĂƵƐĞƐ͕ĂŶĚ^ŽůƵƚŝŽŶƐ͘:ŽƵƌŶĂůŽĨŵĞƌŝĐĂŶ
ŽĂƌĚŽĨ&ĂŵŝůǇDĞĚŝĐŝŶĞ͕Ϯϵ͗ϴ͘
tƵ>͕^ƵŶ͕^Śŝ͘ϮϬϭϭ͘WƵďůŝĐĨŝŶĂŶĐĞŝŶǀĞƐƚƐŵŽƌĞƚŚĂŶƚŚƌĞĞƚƌŝůůŝŽŶZDŝŶƚŚĞŚĞĂůƚŚƌĞĨŽƌŵ͘ĐŽŶŽŵŝĐ
/ŶĨŽƌŵĂƚŝŽŶĂŝůǇ͘ĞŝũŝŶŐ͗yŝŶŚƵĂEĞǁƐŐĞŶĐǇ͘
tƵ^͕tĂŶŐ͕ŚĂŶŐ'͘ϮϬϭϱ͘,ĂƐŚŝŶĂ͛ƐŶĞǁŚĞĂůƚŚĐĂƌĞƌĞĨŽƌŵŝŵƉƌŽǀĞĚĞĨĨŝĐŝĞŶĐǇĂƚƚŚĞƉƌŽǀŝŶĐŝĂůůĞǀĞů͍
ǀŝĚĞŶĐĞĨƌŽŵĂƉĂŶĞůĚĂƚĂŽĨϯϭŚŝŶĞƐĞƉƌŽǀŝŶĐĞƐ͘:ŽƵƌŶĂůŽĨƐŝĂŶWƵďůŝĐWŽůŝĐǇ͕ϴ͗ϯϲͲϱϱ͘
tƵz͕ĂŶŐ:͘ϮϬϭϯ͘ŚŝŶĂƌĞƉŽƌƚŽĨƚŚĞĚĞǀĞůŽƉŵĞŶƚŽŶĂŐŝŶŐĐĂƵƐĞ͘^ŽĐŝĂů^ĐŝĞŶĐĞƐĐĂĚĞŵŝĐWƌĞƐƐ͕ĞŝũŝŶŐ͘
yŝĂŽ,y͕ĂŽd͕dĂŶŐ>͘ϮϬϭϰĂ͘DĞĂƐƵƌĞŵĞŶƚĂŶĚĂŶĂůǇƐŝƐŽĨŐŽǀĞƌŶŵĞŶƚŚĞĂůƚŚĞǆƉĞŶĚŝƚƵƌĞƐĂŶĚŚĞĂůƚŚ
ĞĨĨŝĐŝĞŶĐǇ͘ŚŝŶĞƐĞ:ŽƵƌŶĂůŽĨ,ĞĂůƚŚWŽůŝĐǇ͕ϳ͗ϳϭͲϳϳ͘
yŝĂŽE͕>ŽŶŐY͕dĂŶŐy͕dĂŶŐ^͘ϮϬϭϰď͘ĐŽŵŵƵŶŝƚǇͲďĂƐĞĚĂƉƉƌŽĂĐŚƚŽŶŽŶͲĐŽŵŵƵŶŝĐĂďůĞĐŚƌŽŶŝĐĚŝƐĞĂƐĞ
ŵĂŶĂŐĞŵĞŶƚǁŝƚŚŝŶĂĐŽŶƚĞǆƚŽĨĂĚǀĂŶĐŝŶŐƵŶŝǀĞƌƐĂůŚĞĂůƚŚĐŽǀĞƌĂŐĞŝŶŚŝŶĂ͗ƉƌŽŐƌĞƐƐĂŶĚ
ĐŚĂůůĞŶŐĞƐ͘DWƵďůŝĐ,ĞĂůƚŚ͕ϭϰ͗^Ϯ͘
yŝŶŚƵĂEĞǁƐŐĞŶĐǇ͘ϮϬϭϲ͘,ĞĂůƚŚǇŚŝŶĂϮϬϯϬ͘KƵƚůŝŶĞŚŝŶĞƐĞ͘yŝŶŚƵĂEĞǁƐŐĞŶĐǇ͘
zĂŶŐ'͕<ŽŶŐ>͕ŚĂŽt͕ĞƚĂů͘ϮϬϬϴ͘ŵĞƌŐĞŶĐĞŽĨĐŚƌŽŶŝĐŶŽŶͲĐŽŵŵƵŶŝĐĂďůĞĚŝƐĞĂƐĞƐŝŶŚŝŶĂ͘>ĂŶĐĞƚ͕ϯϳϮ͗
ϭϲϵϳͲϳϬϱ͘
zĂŶŐ^͕ŚĂŶŐ͕ŚĂŽ:͕ĞƚĂů͘ϮϬϭϰ͘WƌŽŐƌĞƐƐŽŶƚŚĞDĂƚĞƌŶĂůDŽƌƚĂůŝƚǇZĂƚŝŽZĞĚƵĐƚŝŽŶŝŶtƵŚĂŶ͕ŚŝŶĂŝŶ
ϮϬϬϭʹϮϬϭϮ͘W>K^KE͕ϵ͗ĞϴϵϱϭϬ͘
zŝŶŐE͘ϮϬϬϴ͘dŚĞƉƌŽĚƵĐƚŝǀĞĞĨĨŝĐŝĞŶĐǇŽĨƚŚĞŚĞĂůƚŚĐĂƌĞƐĞĐƚŽƌŽĨŚŝŶĂ͘dŚĞZĞǀŝĞǁŽĨZĞŐŝŽŶĂů^ƚƵĚŝĞƐ͕ϯϴ͗
ϭϯ͘
zŝƉt͕,ƐŝĂŽt͘ϮϬϬϵ͘ŚŝŶĂΖƐŚĞĂůƚŚĐĂƌĞƌĞĨŽƌŵ͗ƚĞŶƚĂƚŝǀĞĂƐƐĞƐƐŵĞŶƚ͘ŚŝŶĂĐŽŶŽŵŝĐZĞǀŝĞǁ͕ϮϬ͗ϲϭϯͲ
ϲϭϵ͘



ϭϯϵ

zŝƉt͕,ƐŝĂŽt͘ϮϬϭϰ͘,ĂƌŶĞƐƐŝŶŐƚŚĞƉƌŝǀĂƚŝƐĂƚŝŽŶŽĨŚŝŶĂΖƐĨƌĂŐŵĞŶƚĞĚŚĞĂůƚŚͲĐĂƌĞĚĞůŝǀĞƌǇ͘dŚĞ>ĂŶĐĞƚ͕ϯϴϰ͗
ϴϬϱͲϴϭϴ͘
zŝƉt͕,ƐŝĂŽt͘ϮϬϭϱ͘tŚĂƚƌŽǀĞƚŚĞǇĐůĞƐŽĨŚŝŶĞƐĞ,ĞĂůƚŚ^ǇƐƚĞŵZĞĨŽƌŵƐ͍,ĞĂůƚŚ^ǇƐƚĞŵƐΘZĞĨŽƌŵ͕
ϭ͗ϱϮͲϲϭ͘
zŝƉtͲD͕,ƐŝĂŽt͕ŚĞŶt͕ĞƚĂů͘ϮϬϭϮ͘ĂƌůǇĂƉƉƌĂŝƐĂůŽĨŚŝŶĂΖƐŚƵŐĞĂŶĚĐŽŵƉůĞǆŚĞĂůƚŚͲĐĂƌĞƌĞĨŽƌŵƐ͘
dŚĞ>ĂŶĐĞƚ͕ϯϳϵ͗ϴϯϯͲϴϰϮ͘
ĞŶŐz͘ϮϬϭϮ͘dŽǁĂƌĚĚĞĞƉĞƌƌĞƐĞĂƌĐŚĂŶĚďĞƚƚĞƌƉŽůŝĐǇĨŽƌŚĞĂůƚŚǇĂŐŝŶŐʹƵƐŝŶŐƚŚĞƵŶŝƋƵĞĚĂƚĂŽĨŚŝŶĞƐĞ
ůŽŶŐŝƚƵĚŝŶĂůŚĞĂůƚŚǇůŽŶŐĞǀŝƚǇƐƵƌǀĞǇ͘ŚŝŶĂĐŽŶŽŵŝĐ:ŽƵƌŶĂů͕ϱ͗ϭϯϭͲϭϰϵ͘
ŚĂŝ&z͕Ƶ^&͕tĂŶŐ,͕ĞƚĂů͘ϮϬϭϰ͘ǇŶĂŵŝĐƐŽĨƚŚĞŚŝŶĞƐĞĚŝĞƚĂŶĚƚŚĞƌŽůĞŽĨƵƌďĂŶŝĐŝƚǇ͕ϭϵϵϭͲϮϬϭϭ͘KďĞƐ
ZĞǀ͕ϭϱ^ƵƉƉůϭ͗ϭϲͲϮϲ͘
ŚĂŶ͕DŝůůĞƌDZ͕tŽŶŐ,͕DĞǇĞƌ'^͘ϮϬϬϰ͘dŚĞĨĨĞĐƚƐŽĨ,DKWĞŶĞƚƌĂƚŝŽŶŽŶWƌĞǀĞŶƚĂďůĞ,ŽƐƉŝƚĂůŝǌĂƚŝŽŶƐ͘
,ĞĂůƚŚ^ĞƌǀŝĐĞƐZĞƐĞĂƌĐŚ͕ϯϵ͗ϯϰϱͲϯϲϭ͘
ŚĂŶŐ͕ĂŽz͘ϮϬϭϮ͘ZĞƐĞĂƌĐŚŽŶĞĨĨŝĐŝĞŶĐǇŽĨŚŝŶĞƐĞŵĞĚŝĐĂůŚĞĂůƚŚƐĞƌǀŝĐĞƐͲďĂƐĞĚŽŶĂŶĂůǇƐŝƐŽĨͲ
ƉƌŽĚƵĐƚŝŽŶĨƵŶĐƚŝŽŶ͘ƵƌŽƉĞĂŶ^ĐŝĞŶƚŝĨŝĐ:ŽƵƌŶĂů͕ϴ͗ϴ͘
ŚĂŶŐ͕>ŝ:͘ϮϬϭϭ͘'ĞŶĚĞƌĂŶĚŵĂƌŝƚĂůƐƚĂƚƵƐĚŝĨĨĞƌĞŶĐĞƐŝŶĚĞƉƌĞƐƐŝǀĞƐǇŵƉƚŽŵƐĂŵŽŶŐĞůĚĞƌůǇĂĚƵůƚƐ͗dŚĞ
ƌŽůĞƐŽĨĨĂŵŝůǇƐƵƉƉŽƌƚĂŶĚĨƌŝĞŶĚƐƵƉƉŽƌƚ͘ŐŝŶŐΘDĞŶƚĂů,ĞĂůƚŚ͕ϭϱ͗ϴϰϰͲϴϱϰ͘
ŚĂŶŐ:͘ϮϬϭϴ͘ƉƉůŝĐĂƚŝŽŶĂŶĚĂƉƉƌŽǀĂůŽĨĐĂŶĐĞƌĚƌƵŐƐŝŶŚŝŶĂ͗ĂĐĐĞůĞƌĂƚŝŽŶƐŚŽƵůĚďĞŬĞƉƚŝŶƉƌŽŐƌĞƐƐ͘D
DĞĚŝĐĂů:ŽƵƌŶĂů͕ϯ͘
ŚĂŶŐ:͕ŽŶĂůĚD͕ĂǆƚĞƌ<͕ĞƚĂů͘ϮϬϭϱĂ͘/ŵƉĂĐƚŽĨĂŶŝŶƚĞŐƌĂƚĞĚŵŽĚĞůŽĨĐĂƌĞŽŶƉŽƚĞŶƚŝĂůůǇƉƌĞǀĞŶƚĂďůĞ
ŚŽƐƉŝƚĂůŝǌĂƚŝŽŶƐĨŽƌƉĞŽƉůĞǁŝƚŚdǇƉĞϮĚŝĂďĞƚĞƐŵĞůůŝƚƵƐ͘ŝĂďĞƚŝĐDĞĚŝĐŝŶĞ͕ϯϮ͗ϴϳϮͲϴϴϬ͘
ŚĂŶŐ>͕ŚĞŶŐ'͕^ŽŶŐ^͕ĞƚĂů͘ϮϬϭϳ͘ĨĨŝĐŝĞŶĐǇƉĞƌĨŽƌŵĂŶĐĞŽĨŚŝŶĂΖƐŚĞĂůƚŚĐĂƌĞĚĞůŝǀĞƌǇƐǇƐƚĞŵ͘/Ŷƚ:
,ĞĂůƚŚWůĂŶŶDĂŶĂŐĞ͕ϯϮ͗ϮϱϰͲϮϲϯ͘
ŚĂŶŐy͕ŚĂŽ>͕Ƶŝ͕tĂŶŐz͘ϮϬϭϱď͘^ƚƵĚǇŽŶƋƵŝƚǇĂŶĚĨĨŝĐŝĞŶĐǇŽĨ,ĞĂůƚŚZĞƐŽƵƌĐĞƐĂŶĚ^ĞƌǀŝĐĞƐĂƐĞĚ
ŽŶ<ĞǇ/ŶĚŝĐĂƚŽƌƐŝŶŚŝŶĂ͘W>K^KE͕ϭϬ͗ĞϬϭϰϰϴϬϵ͘
ŚĂŶŐz͕^ĂůŵD͕ǀĂŶ^ŽĞƐƚ͘ϮϬϭϴ͘dŚĞĞĨĨĞĐƚŽĨƌĞƚŝƌĞŵĞŶƚŽŶŚĞĂůƚŚĐĂƌĞƵƚŝůŝǌĂƚŝŽŶ͗ǀŝĚĞŶĐĞĨƌŽŵŚŝŶĂ͘
:ŽƵƌŶĂůŽĨ,ĞĂůƚŚĐŽŶŽŵŝĐƐ͕ϲϮ͗ϭϲϱͲϭϳϳ͘
ŚŽƵ͕YƵ͕DĂt͕^ŽŶŐ:͕DĂy͘ϮϬϭϱ͘ǀŽŝĚĂďůĞ,ŽƐƉŝƚĂůŝǌĂƚŝŽŶ͗ŽŶĐĞƉƚĂŶĚ/ŵƉůŝĐĂƚŝŽŶ͘DĞĚŝĐĂůYƵĂůŝƚǇ͕
ϮϮ͗ϱ͘
ŚŽƵD͕>ŝz͕tĂŶŐ,͕ĞƚĂů͘ϮϬϭϲĂ͘ŶĂůǇƐŝƐŽŶůŝĨĞĞǆƉĞĐƚĂŶĐǇĂŶĚŚĞĂůƚŚǇůŝĨĞĞǆƉĞĐƚĂŶĐǇŝŶŚŝŶĂ͕ϭϵϵϬͲϮϬϭϱ͘
ŚŝŶĞƐĞũŽƵƌŶĂůŽĨƉŝĚĞŵŝŽůŽŐǇ͕͕ϯϳ͗ϱ͘
ŚŽƵD͕tĂŶŐ,͕ŚƵ:͕ĞƚĂů͘ϮϬϭϲď͘ĂƵƐĞͲƐƉĞĐŝĨŝĐŵŽƌƚĂůŝƚǇĨŽƌϮϰϬĐĂƵƐĞƐŝŶŚŝŶĂĚƵƌŝŶŐϭϵϵϬʹϮϬϭϯ͗Ă
ƐǇƐƚĞŵĂƚŝĐƐƵďŶĂƚŝŽŶĂůĂŶĂůǇƐŝƐĨŽƌƚŚĞ'ůŽďĂůƵƌĚĞŶŽĨŝƐĞĂƐĞ^ƚƵĚǇϮϬϭϯ͘dŚĞ>ĂŶĐĞƚ͕ϯϴϳ͗ϮϱϭͲ
ϮϳϮ͘
ŚŽƵZ͘ƵŶĚĂƚĞĚ͘ZĞƐƉŽŶƐŝďůĞƵƚŝůŝǌĂƚŝŽŶŽĨĂŶƚŝďŝŽƚŝĐƐƐŚŽƵůĚďĞĂƐŽĐŝĞƚĂůƌĞƐƉŽŶƐŝďŝůŝƚǇ͘^ĂŶŵĞŶǆŝĂĞŶƚƌĂů
,ŽƐƉŝƚĂůWĂƉĞƌ͘
ŚƵĂŶŐE͕,Ƶ͕ŚĞŶŐ:͘ϮϬϬϲ͘hƐŝŶŐĂƚĂŶǀĞůŽƉŵĞŶƚŶĂůǇƐŝƐƉƉƌŽĂĐŚƚŽƐƚŝŵĂƚĞƚŚĞ,ĞĂůƚŚWƌŽĚƵĐƚŝŽŶ
ĨĨŝĐŝĞŶĐŝĞƐŝŶŚŝŶĂ͘ĐŽŶŽŵŝĐƐ^ƚƵĚǇ͗ϭϰ͘
ŽĨŝŽ:>͘ϮϬϬϳ͘DĂůŵƋƵŝƐƚƉƌŽĚƵĐƚŝǀŝƚǇŝŶĚĞǆĚĞĐŽŵƉŽƐŝƚŝŽŶƐ͗ĂƵŶŝĨǇŝŶŐĨƌĂŵĞǁŽƌŬ͘ƉƉůŝĞĚĐŽŶŽŵŝĐƐ͕ϯϵ͗
ϮϯϳϭͲϮϯϴϳ͘
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