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Abstract

Background: To achieve universal accessto medical resources, Chinaintroduced its second health care reform in 2010, with
health information technologies (HIT) as an important technical support point.

Objective: Thisstudy isthefirst attempt to explore the unique contributions and characteristics of HIT development in Chinese
hospitalsfrom the three maj or aspects of hospital HI T—human resources, funding, and materials—in an all-around, multi-angled,
and time-longitudinal manner, so asto serve asareference for decision makersin Chinaand the rest of the world when formulating
HIT development strategies.

Methods: A longitudinal research method is used to analyze the results of the CHIMA Annual Survey of Hospital Information
System in China carried out by a Chinese national industrial association, CHIMA, from 2007 to 2018. The development
characteristics of human resources, funding, and materials of HIT in Chinafor the past 12 years are summarized. The Bass model
isused to fit and predict the popularization trend of EMR in Chinese hospitals from 2007 to 2020.

Results: From 2007 to 2018, the CHIMA Annual Survey interviewed 10,954 hospital ClOs across 32 administrative regions
in Mainland China. Compared with 2007, as of 2018, in terms of human resources, the average full time equivalent (FTE) count
ineach hospital’s|T center isstill lower than the average level of US counterpartsin 2014 (9.66 FTEsvs. 34 FTES). The proportion
of ClOswith amaster’s degree or above was 25.61%, showing an increase of 18.51%, among which those with computer-related
backgrounds accounted for 64.75%, however, those with a medical informatics background only accounted for 3.67%. In terms
of funding, the sampled hospitals' annual HIT investment increased from ¥957,700 (US $136,874) to ¥6.376 million (US $911,261),
and the average investment per bed increased from ¥4,600 (US $658) to ¥8,100 (US $1158). In terms of information system
construction, as of 2018, the average EMR implementation rate of the sampled hospitals exceeded the average level of their US
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counterparts in 2015 and their German counterpartsin 2017 (85.26% vs. 83.8% vs. 68.4%, respectively). The results of the Bass
prediction model show that Chinese hospitals will likely reach an adoption rate of 91.4% by 2020 (R>=0.95).

Conclusions: In morethan 10 years, based on this top-down approach, China's medical care industry has accepted government
instructions and implemented the unified model planned by administrative intervention. With only about one-fifth of therequired

funding, and about one-fourth of the required human resources per hospital as compared to the US HITECH project, China's
EMR coveragein 2018 exceeded the average level of its US counterpartsin 2015 and German counterpartsin 2017. Thisexperience

deserves further study and analysis by other countries.

(IMIR Med Inform 2020;8(2):€17006) doi: 10.2196/17006
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Introduction

Health information technologies (HIT) can effectively improve
the quality and efficiency of medical services, distribution of
health care resources, safety in health care, and output of
scientific research. Therefore, governments of various countries
have set up ambitious plans to develop HIT and invested
enormous amounts of money in this development, using HIT
as an important starting point for the reformation of medical
services and medical systems.

The US government invested $787 billion in the American
Recovery and Reinvestment Act of 2009. In particular, $19
billion of thisinvestment was used to promote nationalized and
interoperable health information systems and implement them
through the Health Information Technology for Economic and
Clinical Health (HITECH) Act [1]. Its core Meaningful Use
strategy has achieved initid results [2]. As of 2014,
approximately 75.5% of US hospitalshad at |east abasic system
with a defined set of functions applied in at least one hospital
unit. About 69% of these hospitals supported the exchange of
laboratory examination results, 65% supported exchange of
radiological examination reports, 64% supported exchange of
progress notes, and 55% supported exchange of medication
histories, compared with 35%, 37%, 25%, and 21%,
respectively, in 2008 [3]. The United Kingdom launched the
National Programme for IT in 2005. By 2011, the utilization
rate of electronic health records (EHR) for primary care was
close to 100% [4], and the successful experience of the US
HITECH Act was further introduced in 2014 [4].

China has been no exception to this trend. As early as the
beginning of the second health care reform in 2010, the
government adopted HIT as one of the “four beams and eight
pillars’ supporting health care reform [5] and successively
promulgated 31 national policies and 134 technical standards
covering all aspects of hospital, population health, and medical
security system digitalization.

In order to build the HIT system, as detailed in the Healthy
China2020: Strategic Research Report released by the National
Health Commission of the People’s Republic of Chinain 2012
[6], anational budget of US$10 billion will beinvested to build
the National Electronic Health Information System Project by
2020, more than one-seventh of the total investment of US $68
billion designated for the plan. As of 2015, the central
government had actually invested more than US $3.5 hillion.

https://medinform.jmir.org/2020/2/€17006

For details of the investment and expected results, see
Multimedia Appendix 1. According to the latest administrative
directive issued by the Nationa Health Commission of the
People’'s Republic of Chinain August 2018, the use of electronic
medical records (EMR) in hospitals should be included in the
index system for hospital performance evaluation [7].

Despite the formulation of very active macro policies and the
investment of alarge amount of funds, governments of various
countries have aways faced significant challenges in the
technol ogica research and devel opment, project implementation,
effect evaluation, and speed of advancement of HIT.
Governments, academic circles, and industries have constantly
presented the relevant experience and lessons. Kruse et a [8]
collected 3636 articlesand selected 37 articlesfor final research;
they found that 81% of the research projects believed that the
HIT projects already implemented had a positive effect on the
quality and cost of medical care. Gold et a [3] advanced the
clam that athough HITECH provides administrative and
economic resources for the standards and interoperability of
EHRsand HIT, the law does not stipulate how to achieve them.
The US administrative system retains considerable autonomy
for the private sector, making it even more difficult to reach a
consensus under the current situation of relatively independent
public power at the federal and state levels. This has led to a
substantial delay intheimplementation of HITECH. At present,
it is too early to evaluate the fina effect of HIT projects
implemented between 2009 and 2015. Adler-Milstein et a [9]
found that with the stimulation of HITECH, as of 2013, EHRs
have been used in more than 50% of hospitals, with some
regional differences; rural and small specialized hospitals lag
far behind, potentially leading to problems of medical resource
allocation.

As the largest country in the world in terms of population and
number of hospitals and the second largest in total economic
volume, China currently lacks relevant research on the
application status, characteristics, and challenges of HIT iniits
hospitals. In thisstudy, wetry to answer thefollowing questions:

« How can we describe, evaluate, and summarize the
achievements and problems in China’'s HIT development
from 2007 to 2018?

«  During this period, compared with countries with advanced
HIT such as the United States, what are China's
characteristics in terms of the number and quality of HIT
employees, capita and resource investment, network
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support environment, and application of clinical information
systems (CIS) such asEMR?

Methods

Data Resour ces

Our data are from the 2007-2018 China Hospital Information
Management Association (CHIMA) annual survey hospital
information systems, which is the only national HIT industry
survey covering a period of more than 10 yearsin China. Over
the last decade or so, CHIMA [10] has used the questionnaire
issued by the journal Chinese Digital Medicine to conduct
continuous research on ChinasHIT application marketin March
of every year. The research area covered 34 administrative
regions of mainland China. The ingtitutions reviewed included
general hospitals, specialized hospitals, traditiona Chinese
medicine hospitals, and integrated traditional Chinese and
western medicine hospitals. The interviewees were chief
information officers (ClOs) who were responsible for the
information technology (IT) departments of the hospitals. The
research method was designed with reference to the Healthcare
Information and M anagement Systems Society (HIMSS) annual
survey in the United States, and hospital s that did not respond
in time received email and telephone notifications.

The CHIMA survey comprised 9 parts. respondents basic
information, IT application, infrastructure and hardware use,
information system application, I T outsourcing, I T construction
obstacles, information system construction investment, data
standardization, and regional medical and health information
system construction. We mainly used the data from the first to
seventh of the 9 parts; in particular, the data from parts |-V and
VII:  respondents basic information, IT application,
infrastructure and hardware use, information system application,
I'T outsourcing, and information system construction investment.
Each year's survey report provides a summary of the current
situation of hospital digitalization and the overall trend of HIT
in China. The 2018 survey was completed between March 2019
and June 2019 and released on September 10, 2019.

Research Subjects. Hospital I nfor mation Technology
Department—Related Attributesof the ChinaHospital
Information M anagement Association Annual Survey

In China, most hospitals purchase HIT software from the HIT
market, which is outsourced by system suppliers. Therefore,
the IT departments of hospitals are mainly responsible for the
procurement, management, and subsequent maintenance of the
system. Thehead of the I T department isthe Cl O of the hospital,
and these CIOs are the main subjects of this research.

Technology Diffusion Model and Bass M odeling

Bass diffusion modeling was employed as one method to predict
the progress of EMR adoption and analyze its characteristics.
Diffusion theory isan essential branch of communication theory
that haslong attracted the attention of scholarsin management,
marketing, and other disciplines[11]. The Bass model hasbeen
widely used in the application and forecasting analysis of new
products and technologies [12,13], including many
medical-related technologies [14-16]. The Bass model has 9
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key assumptions [13,16], most of which satisfy the scenarios
of this study (eg, market potential of the new product remains
constant over time, the geographic boundaries of the social
system do not change over the diffusion process).

There are two important measures for the implementation of
the Bassmodel [17]. The external influence coefficient iscalled
the innovation effect, represented as the p-coefficient. It
corresponds to the probability of using the products under the
influence of public mediaor other external factors among users
who have not used the product. Theinterna influence coefficient
refersto theimitation effect and is expressed asthe g-coefficient.
This effect depicts the probability of the same userswho would
begin to use the product under the influence of peerswho have
already used the product [18]. The mathematical expression of
the Bass model is shown in Figure 1, where M is the potential
market, F(t) is the portion of M that have adopted by timet, p
is the coefficient of innovation, and q is the coefficient of
imitation.

Figure 1. Mathematical expression of the Bass model.

We conducted statistical analyses and forecasts using linear
optimization in Excel for Mac 2011 (Microsoft Corp). The
parameters of the Bass model weretrained and estimated using
SPSS Statistics software version 20 (IBM Corp). We used the
method of least squares to determine the optimal values of q
and p.

Results

Descriptive Analysis

Scale and Coverage of Research

The scale and regional coverage of the 2007-2018 CHIMA
annual survey of hospital information systems are shown in
Figure 2 below. In China, all hospitals are categorized by a
government board into threelevels: primary (roughly equivalent
to community-based health centers in the United States),
secondary (county- and municipal-level health care facilities),
and leve 1l (large, advanced general or specialty hospitals,
often academic medical centers) [19]. In this study, hospitals
were divided into two categories: level |11 and < secondary.
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Figure 2. ChinaHospital Information Management Association survey on hospital digitalization in China by hospital level, 2007 to 2018.
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Hospital Health Information Technologies Human
Resources: Quantity, Quality, and Work Stress
From 2007 to 2018, the shortage of human resourcesin China’'s

hospital I T centers eased and the quality of personnel improved
(Figures 3-6).

First, manpower allocation was 9.66 full-time eguivalents
(FTES), on average, in 2018. At the same time, the average
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number of beds managed by each staff member in the hospital
IT center decreased from 122 in 2007 to 93 in 2018, as shown
in Figure 3. The proportion of IT centersin level 111 hospitals
with 10 or more staff members increased from 27.44% in 2007
to 50.50% in 2018, as shown in Figure 4. However, compared
with their US counterparts, the gap was still significant.
According to the HIMSS annual survey data, as early as 2006,
more than 80% of IT centersin US hospitals were staffed with
more than 10 people [20].
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Figure 3. Proportion of human resources in China's hospital information technology centers from 2007 to 2018. FTE: full-time equivaent; IT:

information technol ogy.

180
156.78
E / \ 137.64
g 12223 18.88 118.26 '
8" T W— ]0467 99 62
: . > o 1 92% g3
= 90 —
=
Gy
g
2
=
z
9.93 6.7 707 7.16  7.55 6.6 955 923 992 952 966
0
2007 2008 2009 2010 2011 2012 2013 2014 2015 2017 2018
Year
—&— Average of IT FTEs —®— Average of IT per capita service bed number

Figure4. Information technology centers with 10 or more staff membersin China'slevel 111 hospitals and hospitals below level 111 from 2007 to 2018.

IT: information technology; FTE: full-time equivalent.
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Second, the professional quality of ClOsin China’'s hospital IT
centers also improved significantly. The proportion of hospital
ClOs with amaster’s degree or above nearly tripled from 7.1%
in 2007 to 25.61% in 2018. The proportion of CIOs with a
master’s degreein level 111 hospitalsincreased from 14.56% in
2007 to 42.17%, and the proportion of CIOs with a master’'s
degreeinleve | and Il hospitalsincreased from 2.08% to 6.31%,
as shown in Figure 5. The proportion of ClOs with
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medical -related backgroundsin China's hospital I T centerswas
very low and even showed a downward trend, falling from
18.25% in 2007 to 11.37% in 2018, while computer majors
became mainstream, rising from 41.95% in 2007 to 64.75% in
2018. Asthe counterpart discipline of HIT, medical informatics
is in a marginaly weak position among the background
disciplines of ClOs in hospital IT centers, rising only from
2.24% in 2007 to 3.67% in 2018 (see Figure 6 for details).
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Figure 5. Proportion of chief information officers with a master’'s degree or above in China's hospital information technology centers from 2007 to

2018. CIO: chief information officer.
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Figure6. Academic background and composition of chief information officersin China’s hospital information technology centers from 2007 to 2018.
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Stimulated and driven by the state's direct investment and
relevant policies, thetotal direct investment by hospitalsin HIT
greatly increased.
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First, the total investment in HIT rose from ¥957,700 (US
$136,875) per year in 2007 to ¥6.376 million (US $0.91 million)
per year in 2018, an increase of 5.66 times. The average annual
HIT investment of level 111 hospitals increased from ¥1.689
million (US $0.24 million) per year to ¥10.192 million (US
$1.46 million) per year, an increase of 5 times. The average
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annual HIT investment of hospitals below level 111 increased million) per year, an increase of nearly 4 times, as shown in

from ¥489,600 (US $69,974) to ¥2.401 million (US $0.34 Figure?7.

Figure 7. Health information technologies investment in Chinese hospitals from 2007 to 2018. I T: information technology.
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Second, relative to China's fast-growing economy (per capita
gross domestic product increased from ¥20,500 (US $2930) in
2007 to ¥64,600 (US $9233) in 2018, an increase of 2.15times)
and the rapid increase of medical expenses (per capita medical
expenses increased from ¥900 (US $129) in 2007 to ¥3700 (US
$528) in 2017, an increase of 4.28 times), the annual IT
investment per bed increased insignificantly (only 76%) from
¥4600 (US $657) in 2007 to ¥8100 (US $1158) in 2018, as

https://medinform.jmir.org/2020/2/€17006

RenderX

shown in Figure 8. However, due to the marginal cost of
software and service products, the higher the base number of
users, the larger the market, and the lower the cost of
digitalization allocated to each single service object (bed). We
believe that even considering theinflation factor, the connotation
of the digitalization investment of ¥8100 (US $1158) per bed
in 2018 was much greater than that of ¥4600 (US $657) in 2007.
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Figure 8. China's per capita gross domestic product, medical expenditure per capita, and information technology investment per hospital bed from
2007 to 2018. IT: information technology; GDP: gross domestic product. (Note: As of the date of submission, the per capita health spending data for

Chinain 2018 has not been announced.).
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Hospital Network Environment Support

The overal network infrastructure construction and
configuration of Chinese hospitals have a so been continuously
improving. On one hand, in terms of traditional wired Ethernet
local area network (LAN) construction, in 2017 about 75.83%
of the sampled hospitals had achieved the goal of one wired

https://medinform.jmir.org/2020/2/€17006
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LAN interface supporting 5 beds or fewer, which was basically
the same as in 2008. On the other hand, in terms of wireless
network infrastructure, about 69.21% of the sampled hospitals
had launched wireless networks, compared with 17.18% in
2007. In addition, about 30.79% of the sampled hospitals that
had launched wireless networks had more than 100 wireless
network access hotspotsin 2017, as shown in Figure 9.
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Figure9. Wired local areanetwork and wireless network facility construction in Chinese hospitals from 2007 to 2017. LAN: local areanetwork. (Note:
Wireless network-related indicators were not included in the 2007 CHIMA Annual Survey; relevant indicators on hospital networks were no longer

included in the 2018 CHIMA Annua Survey.).
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I mplementation and Application of Clinical I nformation
Systems (Including Electronic Medical Records) in
Chinese Hospitals

ClShasbeenimplemented in Chinese hospitalsto aconsiderable
extent. After more than 10 years of development, medical
digitalization has been adopted as one of the “four beams and
eight pillars’ supporting China's health care reform, especially
China's second health care reform, which began in 2010; alarge
amount of funds and resources have been invested, and alarge
number of policies have been promulgated for support and
guidance [21]. Under this stimulus, from 2007 to 2018, the
utilization rate of mgjor CIS systems (including computerized
prescriber order entry [CPOE], laboratory information systems
[LIS], picture archiving and communication systems [PACS],
and EMR) in sampled hospitals increased significantly.
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CIS has been applied to a considerable extent, and the
popularization rate of EMR exceeded the average level of its
US counterparts in 2015 [22] (85.26% vs 83.8%) and the
average level of its German counterpartsin 2017 [23] (85.26%
Vs 68.4%). CPOE outpatient services rose from 30% in 2007
t0 65.9% in 2018, CPOE inpatient services rose from 56.1%in
2007 t0 85.9%in 2018, EMR rosefrom 18.6%in 2007 to 85.3%
in 2018, LIS rose from 31.3% in 2007 to 75.7% in 2018, and
PACSrose from 15.9% in 2007 to 72.5% in 2018, as shown in
Figure 10. The construction and implementation of CIS
including CPOE, EMR, LIS, and PACSin level 111 hospitalsin
China has developed vigorously and is maturing daily. In the
2018 survey, the utilization rates of CPOE, EMR, LIS, and
PACS in the sampled hospitals al exceeded 65%. China's
hospital digitalization focuses on the construction of a
patient-centered clinical information system that directly serves
medical personnel and provides strong support for health care
reform.
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Figure 10. Application and implementation of computerized prescriber order entry, electronic medical record, laboratory information system, and
picture archiving and communication system in the sampled hospitals from 2007 to 2018. CPOE: computerized prescriber order entry; EMR: electronic
medical record; LIS: laboratory information system; PACS: picture archiving and communication system. (Note: Due to a change in the leadership of
CHIMA in 2016, the CHIMA Annual Survey was not launched, and survey data of 2016 and 2017 were not available for analysis.).
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Bass Model Forecast Analysis. Development Trends
of Electronic M edical Recordsin Chinese Hospitals

We estimated the p- and g-coefficients using the Bass model
and linear optimization based on the CHIMA hospital adoption
rate of EMR data from 2007-2018 (excluding 2016 and 2017,
because of a leadership change in CHIMA in 2016, the 2016
annual survey was not launched). Table 1 describes the
parameter estimation resultsin thefinal model, which indicates
that the Bass model fit the CHIMA dataset well.
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Figure 11 shows the fit of the EMR popularization data of
Chinese hospitals from 2007-2018 (excluding 2016 and 2017),
and assuming that there will be no major policy adjustments
and technological upgrades in the future, the forecast of EMR
popularization in hospitals by 2020 has the adoption rate of
EMR expected to reach about 91.4%. Although great progress
has been made, there is till a slight gap compared with US
counterparts. According to research by Jha et a [24], the
adoption of certified EHR systems among US nonfederal acute
care hospitalsin 2020 is expected to be close to 100%.

Table 1. The estimating parameters for Chinese hospitals' adoption rate of electronic medical records.

Model parameter Estimated result
External motivation coefficient (p) 0.102

Internal motivation coefficient (q) 0.106
Moativation coefficient ratio (g/p) 1.039

R2 .951
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Figure11. Electronic medical record adoption among Chinese hospital s using the ChinaHospital Information Management Association Annual Survey
(figures for 2016, 2017, and 2020 are forecasted using the Bass mode). CHIMA: China Hospital Information Management Association.
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Onone hand, thefitted external coefficient (p=0.102) of Chinese
hospitals’ adoption rate of EMR is much larger than those of
medical examination egquipment popular in the United States,
such as ultrasound images (p=0.000) and molybdenum target
x-rays (p=0.000) [25]. On the other hand, it is relatively small
compared with those of other consumer electronic productsthat
provide information support, such as electronic calculators
(p=0.143) and personal computers (p=0.121) [26]. At the same
time, we found that for China's current medical system to join
theregional medical caredliance, hospitalswould need to invest
significant manpower and material resources to build IT
infrastructure and transform traditional paper-based medical
processes and care, as well as the communication methods and
busi ness processes between doctors and patients, so asto provide
medical services more effectively and efficiently. From this
perspective, EMR may dow the spread of the universal
technologies, such as personal computers and electronic
calculators, that have been widely publicized. Despite this, the
implementation and promotion of EMR have till been
effectively advanced under the strong support and publicity of
Chind's administrative supervision and public media.

On the other hand, compared with certain medical examination
equipment, theinternal motion coefficient () fitted in this study
isrelatively small, which indicatesthat theinternal driving force
of the hospital s themselves was rel atively weak in this process.
First, according to research by Sillup et al [25], the Bass model
fitting parameter of ultrasound imagesin the United States was
0=0.510 and the modél fitting parameter of molybdenum target
x-ray data was g=0.738, while in our study, g is only 0.106.
Second, we believe that it cannot be immediately clear how
much benefit hospitals can directly create for doctors and
patients from the actual use of EMR. In many cases, the
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government took the lead, the public mediaand public opinions
promoted it, and HIT technology, including EMR and CIS, was
used toredlizetheartificial project of sharing medical resources
in the hospital with information as the link rather than being a
spontaneous product of the hospital.

Discussion

Summary

This study uses the data from the survey of medica
digitalization construction conducted by CHIMA, a national
industrial association in China, on 10,954 Chinese hospital CIOs
from 2007 to 2018 to evaluate the progress of HIT in Chinese
hospitalsin termsof professiona staffing, funding, infrastructure
construction, and clinical system application. Here we discuss
the US HIMSS annual survey exploring the difficulties and
challenges encountered in the devel opment of China'sHIT.

Constraints on Health Information Technologies
Human Resour ces

As of 2018, compared with their US counterparts, 1T
departments in Chinese hospitals were still short of IT human
resources. The average allocation of human resourcesinthe I T
centers of the sampled Chinese hospitals was only 28% of that
of their US counterpartsin 2014 (9.66 FTEs vs 34 FTES). We
believe that this may further affect the development and
deepening of subsequent HIT applications. In terms of the
guantity of human resources, the survey results showed that
hospital IT centers had an average of 9.66 FTEs in 2018, and
the number of beds served by each I T staff member al so dropped
from 122 in 2007 to 93 in 2018. However, according to the
annual survey of HIMSSin 2014, IT centersin the United States
were equipped with an average of 34 FTEs, 3.5 times that of
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their Chinese counterparts [27]. As early as 2006, more than
80% of the IT centersin US hospitals were equipped with 10
or more FTES[20], whilein China, by 2018, level 111 hospitals
with 10 or more FTEs accounted for 50.5%, and hospitals
classified aslevel 11 and below with 10 or more FTEs accounted
for only 5.6%. Based on the results of the Information Statistics
Center of the National Health Commission of the People's
Republic of China in 2006, 10 to 30 HIT professionals were
required for each level 111 hospital (600 beds or more), 6 to 15
for each level 11 hospital (300 to 600 beds), and 3 to 6 for each
level | hospital (100 to 300 beds) [28].

Hospital information work such as system management;
operation and maintenance; system and network security;
content management; system integration and interface design;
and hardware, network, and software maintenance is tedious
and labor intensive, especially providing training for users of
various levels and types of systems. Considering that many of
the above services need to be provided on a 24/7 basis, it isan
objective need and an inevitable trend for the development of
hospital information systems to consume a large amount of
human resources. We believe that, on one hand, the breadth and
depth of HIT application in Chinese hospitalsare till relatively
low; on the other hand, policy makers and hospital managers
do not fully understand that the safe and effective operation of
information systems depends on the support of alarge number
of human resources.

Theanalysisof the highest degree of ClOsin hospitalsindicates
that the educational levels of information professionalsworking
in hospitalsin Chinahad significantly improved; however, their
distribution was not uniform. In 2018, 25.6% of CIOs had a
master’ s degree or above, an increase of 18.51% compared with
2007; however, there was asignificant difference between level
I11 hospitals and hospitals below level 111. Taking 2018 as an
example, the proportion in the former was 35.8% higher than
that in the latter. We believe that I T faces the urgent matter of
cultivating interdisciplinary senior management talent who
understand both medical care and IT technology. According to
the survey results in 2018, more than 60% of the CIOs in
Chind's hospital IT centers majored in computer information
systems, while only 3.67% had a medical informatics
background. Hospital CIOs demonstrated a relative lack of
knowledge of hospital information management and medical
informatics.

Unlike the cross-disciplinary definition of “using computer
technology in the fields of health care and medical science”
[29] in the United States, the medical informatics disciplinein
China is very young; however, it is gradually rising with the
development of hospital digitalization in China on the basis of
library science [30]. It was not formally established as an
independent discipline until 2010, and at present, very few
educational ingtitutions in China have medica information
research institutes or postgraduate programs (27 master’sdegree
programs and 5 doctoral degree programs), and most of the
current students are undergraduates who cannot meet the
business needs of hospitals [31]. We suggest that reeducating
experts interested in hospital digitalization in current leading
positions in Chinese hospitals at all levels (systematically
supplementing their knowledge of medical informatics based
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on International Medical Interpreters Association’s training
syllabus) and granting certificates to qualified personnel may
be a shortcut to cultivating the required talent [32].

Hospital Health Infor mation Technologies | nvestment
Trends

HIT investment in alarge number of hospitalsclassified aslevel
Il and below in Chinamay be mainly driven by stateinvestment,
but their own investment willingness is not strong. After the
previous health carereform, hospitals could only receive limited
government financial subsidies and had to be self-financing
[33]. Therefore, their financia strength was very limited.
Beginning in 2010 (Figure 7), the average investment in HIT
in Chinese hospitals increased rapidly, from ¥1.9224 million
(US $0.27 million) in 2010 to ¥6.3759 million (US $0.91
million) in 2018, an increase of nearly 2.32 times. However,
wefound that theincrease was extremely uneven (ie, after 2010,
the HIT investment growth rate of level |11 hospitals was much
higher than that of level 1l and below hospitals, and this
imbalance may have caused new imbalances in medical
resources).

According to an analysis of national HIT investment directions
from 2010 to 2015 (Multimedia Appendix 1), the investment
targets were mainly level 11 and below hospitals. According to
the survey results, HIT investments in such hospitals in 2007,
2008, and 2009 were only ¥489,600 (US $69,974), ¥726,000
(US $103,760), and ¥744,800 (US $106,447), respectively.
After 2010, HIT investment increased to ¥1.82 million (US
$0.26 million), but subsequent growth was weak, with an
increase of only ¥572,600 (US $81,836). During the same
period, the increase for level 111 hospitals was ¥7.0779 million
(US $1.01 million), which was 11.3 times the former. We
suggest that the issue of how to raise the awareness of the
majority of primary-level hospital |eaders of the dividend that
HIT bringsto hospital devel opment isone of the areasfor which
the National Health Commission should formulaterelevant HIT
development policies in the next stage.

Rapid Development of Electronic Medical Recordsin
China and Difficultiesin Recycled Use of Precipitated
Data

The utilization rate of CIS represented by EMR in Chinese
hospitals continued to increase. First, the EMR popularization
rate of the sampled hospitals increased from 18.6% in 2007 to
85.3% in 2018, an increase of 3.6 times in 8 years, and the
average EMR implementation rate of the sampled hospitals
exceeded the average level of their US counterparts in 2015
[22] and their German counterparts in 2017 [23] (85.26% vs
83.8% vs 68.4%, respectively). Considering that asof 2017, the
number of various medical institutionsin Chinawas more than
27,700, whilethat in the United Stateswas more than 6300, the
former close to 4.5 times of the latter, the growth rate was
already considerable. Second, based on the Bass model fitting
results of EMR utilization rate data from the sampled hospitals
in the 2007-2015 CHIMA annual surveys, it is suggested that
thisgrowth waslargely driven by externa motivation coefficient
effects (p-coefficient). That is, hospitals began to use EMR to
a large extent under the influence of external administrative
forces. The specific manifestation was p=q (p=0.102, g=0.106),
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which is consistent with the Chinese government’s attitude and
strategy toward HIT development. We believe that the
development mode of China's medical industry, which accepts
government instruction, uses unified planning of administrative
intervention, and enablesHIT to achieveleapfrog improvements
inashort period of time, isone of the most important and unique
contributions of China’'s HIT.

On the other hand, as CIS, represented by EMR, has gradually
been built and put into use, it faces the challenge of how to carry
out the secondary application of massive precipitated data in
China. In the survey samplesin 2018, the implementation rates
of CPOE, EMR, LIS, and PACS all exceeded 65%. However,
real-world clinical datafrom EMR and other CIS have not been
widely used for secondary data research in China. The second
health care reform in China established medical digitalization
as an essential strategic development direction [34,35]. The
reform also set the long-term goal of building and improving
HIT, especialy EMR software infrastructure in various
hospitals. Based on the research feedback, the coverage of EMRs
within hospitals reached 80% in 2018, which exceeds the
coveragerate of hospitalsin the United Statesin 2015. However,
the interoperability, quality, and ease of use of EMR data are
lacking.

In terms of interoperability, the various EMR systems used in
different hospitals are incompatible with each other. There are
currently more than 300 EMR software providersin China, al
with their own proprietary technology structures and data
standards. The hospitals have no initiative to exchange data
despite the government establishment of some regional health
information organizations (RHI10s). As of 2015, the proportion
of hospitals participating in RHIOs in the sample had reached
50% [36]. Nevertheless, most of them are in the initial stages
and are far from interoperability due to semantic problems.

Concerning the quality of information, EMR data in Chinais
not informative. One study used Charmaz’s grounded theory
approach to perform a difference analysis of the medical
questions and number of examination and treatment
terminologiesinthe EMR corpus samplesamong 3 US hospitals
and a Chinese hospital [37]. The study found that in certain
types of medical records, the density of technical terms in
Chinese EMRs was much lower than that in English EMRs.
Chinese EMRs contained only half the amount of technical
terms compared to US EMRS, indicating that the latter is more
professional. We believe that this may be due to the more
complicated and rigorouslegal environment in the United States,
where more complete and comprehensive examinations and
discussions with patients are required to prevent medical
disputes.

Regarding ease of use, there are large discrepancies and gaps
between EMR data in China and the United States. This
indirectly leadsto problems of integrity and accuracy in China's
EMR data. Previous research used the US Stage 2 Meaningful
Use objectives to evaluate usability of EMR data from the two
best Chinese teaching hospital s affiliated with Peking University
Medical School (Peking University First Hospital and Beijing
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Cancer Hospital) [38]. They found that only 50% of the
Meaningful Usetargetswere supported in the EMRs of Chinese
hospitals. Moreover, the Chinese hospitals still used many paper
forms to augment the clinical work despite the establishment
of EMRS, resulting in aconsiderableloss of clinical information
beyond the EMR system. The ease of use of EMRs at Peking
University First Hospital and Beijing Cancer Hospital [39] was
examined based on the standard of the Unified Framework For
EHR Usability [40], and a total of 85 problems in usability
relevant to clinical tasks were found, some of which may even
serioudly affect the quality and safety of medical services.

Limitations

Thisstudy ishbased on self-reported questionnaire survey results
from 2007-2018 regarding investment in HIT funds, staffing
and training, investment in funds, construction and
implementation of applied technologies, and difficulties
encountered in the processes of Chinese hospitals. The data
have not been independently verified. Therefore, such an
analysis is subject to the potential confounding factors of data
bias. In addition, we did not use amultivariate model to evaluate
the independence of different factors (such as hospital level,
hospital type, and economic development level in the region of
the hospital). Although we only limit the inference to our own
samples, these analyses are still valuable because these data
spanning 12 years are the only data on the devel opment trend
of HIT in China collected by China's nationa industrial
association that can be quantitatively analyzed.

In addition, the absence of feedback on data offset will affect
the survey results. For example, hospitals with high HIT
application levels are more likely to give feedback. However,
the feedback providers of this survey should be representative
of thetruelevel of HIT application in Chinese hospitalsto some
extent, especially for thelevel 111 hospitalsin China, which have
an average coverage rate of 34.44% over 12 years.

Conclusions

China suniqueinstitutional model may have distinct advantages
in achieving the goals of health care reform. In this case, the
Chinese government used a top-down, top-level design mode
and took HIT development as an important technical support
and starting point to support health care reform through policies,
systems, funds, and other comprehensive methods. According
to the survey results of the CHIMA annua survey of hospital
information systems, with about only one-fifth of the required
funding and one-fourth of the required human resourcesfunding
per hospital IT FTE ascompared with the USHITECH project,
China's EMR coverage in 2018 exceeded the average level of
its US counterpart in 2015 and the average level of its German
counterpart in 2017. Fitting results based on the Bass model
suggest that it is expected that 91% of hospitals in China will
use EMR by 2020. All signs show that the Chinese government
is gradually approaching and realizing the phased goals set in
the second health care reform launched in 2010: integrating
medical resources, improving medical care popularization,
reducing medical costs, and improving medical care quality.
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EMR: electronic medical record

FTE: full-time eguivalent

HIMSS: Healthcare Information and Management Systems Society

HIT: health information technologies

HITECH: Health Information Technology for Economic and Clinical Health
IT: information technology

LAN: local area network

LIS: laboratory information system

PACS: picture archiving and communication system

RHIO: regional health information organization
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