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Abstract

Background: Theadoption rate of €l ectronic health records (EHRS) in hospital s has become amain index to measure digitaization
in medicine in each country.

Objective: This study summarizes and shares the experiences with EHR adoption in China and in the United States.

Methods: Using the 2007-2018 annual hospital survey data from the Chinese Health Information Management Association
(CHIMA) and the 2008-2017 United States American Hospital Association Information Technology Supplement survey data,
we compared the trends in EHR adoption ratesin China and the United States. We then used the Bass mode! to fit these data and
to analyze the modes of diffusion of EHRsin these 2 countries. Finally, using the 2007, 2010, and 2014 CHIMA and Healthcare
Information and Management Systems Services survey data, we analyzed the major challenges faced by hospitalsin Chinaand
the United States in developing health information technol ogy.

Results: From 2007 to 2018, the average adoption rates of the sampled hospitals in China increased from 18.6% to 85.3%,
compared to the increase from 9.4% to 96% in US hospitals from 2008 to 2017. The annual average adoption rates in Chinese
and US hospitals were 6.1% and 9.6%, respectively. However, the annual average number of hospitals adopting EHRs was 1500
in Chinaand 534 in the US, indicating that the former might require more effort. Both countries faced similar major challenges
for hospital digitalization.

Conclusions: The adoption rates of hospital EHRs in China and the United States have both increased significantly in the past
10 years. The number of hospitals that adopted EHRsin Chinaexceeded 16,000, which was 3.3 times that of the 4814 nonfederal
US hospitals. Thisfaster adoption outcome may have been abenefit of top-level design and government-led policies, particularly
the inclusion of EHR adoption as an important indicator for performance eval uation and the appointment of public hospitals.
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Introduction

Electronic health records (EHRS) are the most important
component of health information technology (HIT), and their
adoption rate in hospitals indicates a country’s level of
digitalization in medicine. In the United States, EHRS enable
the electronic documentation of providers notes, electronic
viewing of laboratory and radiology results, and electronic
prescribing [1]. The 2009 Health Information Technology for
Economic and Clinical Health (HITECH) Act allocated
approximately US $3 hillion to accelerate the meaningful use
of EHRs in US hospitals. Ultimately, the adoption rates in
nonfederal hospitals increased from 9.4% in 2008 to 96% in
2017[2,3]. In Asia, the EHR adoption rateincreased from 15.1%
in 2010t0 58.1%in 2015 in Korean hospitals [4] and from 21%
in 2008 to 53% in 2014 in Japanese public hospitals [5]. In
Europe, the usage of EHRsin German hospitalsincreased from
39.9% in 2007 to 68.4% in 2017 [6]. In China, the “Technical
Specifications for Hospital Information Platforms based on
EMRS’ issued by the National Health Commission in 2015
defines electronic medical records (EMRs, corresponding to
hospital EHRS) as complete and detailed clinical information
resources that are created, stored, and used electronically by
medical institutions and are generated and recorded for citizens
inall visitsto medical institutions[7]. Since 2015, the Chinese
central government has invested over US $3.5 billion in HIT
and EHRs and hasissued 31 national policiesand 134 technical
standards covering all aspectsof medical caredigitalization and
the construction of a digital medical security system. Thus, in
China, EMRs are legal records created in hospitals and
outpatient environmentsthat constitute the data source of EHRs
[8]. In the United States, the Promoting Interoperability
Programs, led by the Centersfor Medicare & Medicaid Services
(CMS), do not specifically distinguish between EHRs and
EMRs. In this study, the term EHRSs refers specifically to the
definitions provided by the CMS and China's National Health
Commission.

Funding, policy, socia organizations, and other factors, which
can al greatly challenge any government, affect in-hospital
EHR adoption. The most important factors associated with EHR
adoption rates in hospitals are policy support and national
standards. In the United States, relevant policies and standards
include the HITECH Act [9], CMS Meaningful Use programs
[10], and Promoting Interoperability Programs [8]. In China,
they includethe*46312" strategy [11], EMR Grading Evaluation
Standards [12], and Hospital Intelligence Service Grading
Evaluation Standards [13]. The second greatest factor affecting
EHR promotion in both countriesisinsufficient financial support
for digitalization in medicine [14]. Finally, another main issue
isthelarge gap between the expectations of EHRsfrom clinical
medical staff and their actual clinical performance.

Asthe world's largest country in terms of both population and
number of hospitals, China has a unique medical system [15],
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with particular challenges affecting in-hospital EHR adoption.
Therefore, the progress and difficulties in EHR adoption in
Chinese hospitals are an important referencefor other countries.
First, through consecutive survey data analysis research, the
EHR adoption in Chinese hospitals from 2007 to 2018 and the
challenges of HIT innovation were summarized, based on the
Chinese Health Information Management Association (CHIMA)
Annua Survey—the longest and most authoritative national
HIT industry survey in mainland China. Second, with the Bass
model, we horizontally compared the EHR adoption rates of
China and the United States from 2008 to 2017 and analyzed
the challenges faced by the hospitals of these countries based
on datataken from the Healthcare | nformation and M anagement
Systems Services (HIMSS) Annual Surveys of 2007, 2010, and
2014. This study provides an overview and suggestions for
further advancement of EHRs in hospitals in both countries,
shares these experiences with other countries, and promotes
global popularization of HIT.

Methods

EHR Definition and Function Reconciliation

Due to the differences in medical systems and traditions, a
one-to-one mapping of the functions of EMRsin Chinaand the
United States is difficult. Nevertheless, we should clarify the
definition and function of EHRsin these 2 countries so that the
research results can reflect the closest comparable rates.

As for the United States, the EHR evaluation systems have,
mainly, 2 aspects. First, for the governmental aspect, the Office
of the National Coordinator for Health I nformation Technol ogy
(ONC) divided EHRs into “basic EHRS’ (with or without
clinical notes) and “comprehensive” EHRsin 2009. Theformer
focuses on data collection and sharing and only needs to be
implemented in one ward, while the latter stresses the clinical
process based on the former and requires hospital coverage
[2,16] (details in Multimedia Appendix 1). Since 2011, to
facilitate the realization of a financial stimulus program, the
CMSdivided EHRsinto 3 stages according to whether they are
meaningfully used [17]. Each stage requires core objects and
optional menu objects. Second, at the industry level, HIMSS
Analytics developed an EMR adoption model (EMRAM) in
2005, including levels 0 to 7 based on “how many departments
to use, standardization, sharing in hospital, decision support,
sharing outside the hospital” [18].

As for China, the Nationa Health Commission has been
promoting the construction of EHRs with various policies and
financial support since 2010 and issued the latest requirements
on the definition and implementation timeline of EHRs in
August 2018 [19]. In this requirement, EHR is divided into
levels O to 8: levels 0 to 2 (low stage, focusing on the data
collection function); levels 3 to 4 (medium stage, focusing on
data sharing within or between departmentsand simpleclinical
decision making); and levels 5 to 8 (high stage, focusing on
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clinical intelligent decision making, cross-hospital data sharing,
and patient self-service; detailsin Multimedia Appendix 2).

There is no systematic comparative study of the evaluation
systems of China and the United States. Our preliminary
comparison study of EHRs in the top 2 tertiary hospitals in
Beijing found that the Chinese EHR stage 4 hospitals can
accomplishmost (7 of 11) meaningfully used tasksin the United
States [20]. However, the requirements for some specific
functions of EHRSs in the 2 countries are inconsistent, which
complicates one-to-one matching of the 2 standards.
Preliminarily, after comparing the common terms of the 2
standards, we think that Chinese EHR stages 3 and 4 roughly
correspond to basic EHRswith notes and comprehensive EHRS,
respectively. Unlike US EHR standards, Chinese EHR stage 1
requires Chinese hospitals to use the EHR for billing.

Wedid not usethe datafrom HIMSSEMRAM, which was used
in both countries as the research baseline, mainly because of
the serious deviation of the sample distribution. Although about
74% of US hospitals passed HIMSS EMRAM stage 5 or above
by theend of 2017, in China, the EMRAM isonly acommercial
trial project in asmall number of hospitals. By June 2019, only
58 hospital s participated in the EMRAM evaluation and met or
passed stage 6 [21].

Data Resour ces

Dataon EHR adoption in Chinese hospitalswere obtained from
the CHIMA Annua Survey of Hospital Information Systems
from 2007 to 2018 [22]. These are the only authoritative,
national-level, long-term quantitative data of repeated surveys
available on the EHR adoption ratesin Chinese hospitals. Every
March for a decade, the CHIMA surveyed the application of
HIT in mainland China, covering 34 administrative regions.
Survey respondents included general hospitals, teaching
hospitals, specialty hospitals, traditional Chinese medicine
hospitals, and integrated Chinese and Western medicine
hospitals. In total, each survey was comprised of 9 parts. This
study primarily used data from Parts I, 1V, VI, and VIII,
assessing respondents’ basic information, information system
application and adoption barriers, and data standardization.

Dataon EHR adoption in US hospitals from 2008 to 2017 were
obtained from data briefs by the ONC [2,3,16] and research by
Jha et a [1,23-31]. Data on barriers faced in the information
system implementation in US hospital swere obtained primarily
fromthe HIMSS Annual Surveysin 2006, 2007, 2010, and 2014
[32-35].

Technology Diffusion Model and Bass M odeling

Asone of our methods, Bass diffusion modeling was employed
for the prediction and characterization of the progress in
adoption of EHRs. Diffusion theory is an essential branch of
communication theory [36]. The Bass model iswidely used in
the application and forecasting of new products and technologies
[37,38], including many medical-related technologies [39-41].
The Bass model has 9 key assumptions [38,41], which mostly
satisfy the scenarios of this study. For example, the market
potential of a new product remains temporally constant;
geographic boundaries of the social system are unchangeable
throughout the diffusion.
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Bass modeling has 2 important measures. First, the external
influence coefficient, called the “innovation” effect and
represented as the p coefficient, means the probability of using
the product under the influence of public mediaor other external
factors among users who have not used the product. Second,
the internal influence coefficient, called the “imitation” effect
and expressed as the q coefficient, depictsthe probability of the
same users using the product due to the influence of peerswho
have already used the product [42]. When p is high, the model
indicates that the new technology has a rapid diffusion at the
beginning of the propagation and that diffusion grows more
weakly in the subsequent periods. When q is high, the model
suggests that the new technology spreads slowly in the
beginning, but it accelerates with further popularization and
expansion. The Bass model is expressed as:

1_e—(pt+qlit
F (t) B 1+;?—Jg—(¥’+q}f (
where F(t) is the portion of M adopted by time t, p is the
coefficient of innovation, and q is the coefficient of imitation.

Data Analysis

We conducted statistical analyses and forecasts using linear
optimization in Microsoft Excel for Mac 2011 (Microsoft
Corporation, Redmond, WA). First, the analyses began with
basic descriptive statistics regarding the respondents’ basic
information. Second, Bass diffusion modeling was employed
to predict the progress of EHR adoption and analyze its
characteristics. On one hand, we used the method of least
sguaresto determinethe optimal values of g and p. On the other

hand, adjusted R? was used to evaluate the performance of the
prediction model. The parameters of the Bass model were
trained and estimated using SPSS 20 (IBM Corp, Armonk, NY).

Results

Descriptive Analysis

Scale and Coverage of the Surveys

Figure 1 illustrates the number of the 2007-2018 CHIMA
Annua Survey respondents (covering over 80% of Chinas
provinces, municipalities, and autonomous regions) and the
number of survey respondents for the adoption of EHRsin US
hospitalsfrom 2008 to 2017. In China, &l hospitalsare classified
by the government board into 3 classes: Level | hospitals
(roughly equivalent to community-based health centersin the
United States), Level 11 hospitals (county- and municipal-level,
small health care facilities), and Level Il hospitals (large,
advanced general or specialty hospitals) [43]. In this study,
hospitals were divided into 2 categories: Level 111 hospitals vs
Level Il or lower hospitals. For the definition of economically
developed and underdeveloped areas in China, please refer to
Multimedia Appendix 3. Data on the adoption of EHRsin US
hospitals from 2008 to 2017 were obtained from the ONC data
brief [2,3,16] and research by Jhaet al [1,23-31], inwhichlarge
hospitals were defined as those with =400 beds, while small
and medium hospitals were those with 6-399 beds. Jha et al did
not publish the number of surveyed and respondent hospitals
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in various subcategoriesin 2011 [28] and 2013 [26]. Since the
ONC changed its statistical method after 2015, it only published
the overall EHR adoption rate of US hospitals but not the rates
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in various subcategories. Therefore, only the numbers of
surveyed and respondent hospitals for 2016 and 2017 are
included in Figure 1.

Figure 1. The number of respondents to the 2007-2018 Chinese Health Information Management Association (CHIMA) Annua Surveys of Hospital
Information Systems and the surveys on the adoption of electronic health records (EHRS) in US hospitals from 2008 to 2017.
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Detailed information about the scale of the Sino-American
hospital (including the different hospital types) is provided in
Multimedia Appendix 4.

Adoption of EHRsin Chinese and US Hospitals

Trends in EHR adoption in China and the United States were
compared (Figure 2), which revealed 3 main characteristics.
First, the EHR adoption rates in China were relatively high.
Overall, the average EHR adoption rates of the sampled Chinese
hospitals in 2018 (85.3%) were 1.5% higher than those of US
hospitalsin 2015 (83.8%), but lower than those of US hospitals
in 2017 (96%). To note here, since the ONC changed its
statistical method after 2015, it published only the overall EHR
adoption rate of US hospitals but not the rates in various
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subcategories. Therefore, only the data for 2016 and 2017 are
included in Figure 2A. Considering hospital scale, the adoption
rates in Level Il or lower Chinese hospitals (small-scale
hospitals) were 1.5% higher than in small hospitals (fewer than
100 beds) in the United Statesin 2015 (the adoption rate of the
former being 82.5% compared to the 81% of the latter).
However, the average adoption rate of Level 11l hospitals in
China (87.9%) was 1.2% lower than that of large US hospitals
(89.1%). Considering regional economic development, the
average adoption rate in Chinese hospitals in economically
underdeveloped regions was 3.6% higher than in rural US
hospital s—83.6% and 80%, respectively. The adoption rate in
economically developed Chinese hospitals (86.6%) was 2.4%
higher than that in urban US hospitals (84.2%).
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Figure 2. Trendsin electronic health record (EHR) adoption rates in Chinese hospitals from 2007 to 2018 and nonfederal US hospitals from 2008 to
2017. (A) Overall adoption rate in China vs the United States and adoption ratesin (B) small-scale hospitals, (C) large-scale hospitals, (D) hospitalsin
economically underdeveloped or rural areas, and (E) hospitalsin economically developed or urban areas.
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Because the overall number of hospitals in China exceeds the
number of urban hospitals in the United States, the absolute
number and challenges of Chinese hospitals adopting EHRs
should be greater. The annual average number of hospitals
adopting EHRs in China far exceeded the US average—1500
and 534, respectively. In 2007, China had 12,477 Level I-I11
hospitals [44] and an annual EHR adoption rate of 18.6%.
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According to sample projection, only 2322 Chinese hospitals
used EHRs. In 2018, China had 22,396 Level I-11l hospitals
using EHRs [45], with an EHR adoption rate of 85.3% and a
total of 19,094 hospitals. Thus, 16,772 hospitals in China
adopted EHRs from 2007 to 2018—3.3 times the number of
nonfederal hospitals adopting EHRs in the United States from
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total number of nonfederal US hospitals (see Figure 3) [46].

Figure3. Numbersof Chinese hospitalsand thoselikely to implement electronic health records (EHRS) from 2007 to 2018 and the numbers of nonfedera

US hospitals and those projected to implement EHRs from 2008 to 2017.
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DifficultiesWith HIT Development in Chineseand US
Hospitals

Figures 4 and 5 present the feedback from chief information
officers (ClOs) onthe barriersfaced inthe HI T application from
the CHMIA and HIMSS surveys; asof 2015, the HIMSS Annual
Survey no longer conducts a survey of hospital ClOs regarding
the barriers to HIT application. Among Chinese hospitals,
insufficient financial support and insufficient staff in the
department were consistently identified as the first and second
greatest obstacles, respectively. HIMSS Annual Survey data

http://www.jmir.org/2021/2/e24813/
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from the same years (2007, 2010, and 2014) show that US
hospital ClOs also identified insufficient financial support and
insufficient staff as their greatest challenges. This indicates a
similarity in the main obstacles faced by China and the United
States in hospital digitalization. In 2014, Chinese and US
hospitals identified vendors' inability to deliver products and
services to meet their demands as the third greatest obstacle.
This may be because, with the increasing development of HIT
in hospitals, hospital ClOs have becomeincreasingly demanding
with regard to the relevant software products.
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Figure 4. Survey feedback on health information technology (HIT) development barriers faced by hospitals in Chinain 2007, 2010, and 2014. IT:
information technology; ROI: return on investment.
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Figure 5. Survey feedback on health information technology (HIT) development barriers faced by hospitals in the United States in 2007, 2010, and

2014. IT: information technology; ROI: return on investment.
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Bass Model Fitting and Prediction of EHR Adoption
Ratesin Chinese and US Hospitals

Considerable differences between Chinese and US hospitalsin
terms of the EHR technology diffusion modes were identified.
Using Bass modeling and linear optimization, we estimated p
and q coefficients based on the CHIMA datafrom 2007 to 2018
[22] and the surveys from 2008 to 2017 reported by the ONC
[2,3,16] and Jhaet a [1,23-31]. The parameter estimation results
of the final model (Table 1) indicated that the Bass model fit
the CHIMA dataset [22] and the ONC [2,3,16] and Jha et &

[1,23-31] datasets. The adjusted R? was >0.9 for all models
except the EHRs-China-Level 111 Hospitals model. Generally,
each model shows a smaller motivation coefficient ratio (g/p)
for Chinese hospitals compared to US hospitals. The largest
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difference  (285-fold) was observed between the
EHRs-China-Hospitals in the Economically Developed Areas
model and the EHRs-US-Urban Hospitalsmodel, which arethe
models of the largest-scale hospitals in these countries. In
contrast, the smallest gap (14.8-fold) was observed between the
EHRs-China-Surveyed Level | and Il Hospitals model and the
EHRs-US-Small Hospitals model, which arethe models of these
countries’ smallest-scale hospitals. Moreover, the internal g of
US hospitals was significantly larger than that of Chinese
hospitals. Thelargest difference (57-fold) was observed between
the EHRs-China-Hospitals in the Economically Developed
Areas model and the EHRs-US-Urban Hospitals model, while
the smalest (3.6-fold) was found between the
EHRs-ChinaLevel | and Il hospitals model and the
EHRs-US-Small Hospitals model.
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Tablel. Bassmodel parametersfor the prevalence of electronic health records (EHRS) in Chinese and US hospitals, based on Chinese Health Information
Management Association (CHIMA) datafrom 2007 to 2018 [22] and survey datareported by the Office of the National Coordinator for Health Information

Technology (ONC) [2,3,16] and Jha et a [1,23-31] from 2008 to 2017.

Model Model parameters
p? qP a/p° Adjusted R?

EHRs-China 0.10 0.11 1.04 0.93
EHRs-China-Level | and || Hospitals 0.07 0.17 2.66 0.94
EHRs-China-Level 111 Hospitals 0.17 0.01 0.06 0.88
EHRs-China-Hospitals in Economically Underdeveloped Areas 0.08 0.13 151 0.98
EHRs-China-Hospitals in Economically Developed Areas 0.15 0.01 0.07 0.90
EHRs-US-Nonfederal Hospitals 0.02 0.58 24.33 0.97
EHRs-US-Small Hospitals 0.02 0.63 39.44 0.99
EHRs-US-Large Hospitals 0.07 0.45 6.64 0.95
EHRs-US-Rural Hospitals 0.01 0.65 46.29 0.99
EHRs-US-Urban Hospitals 0.03 0.57 19.66 0.98

3p: external motivation coefficient.
bq: internal motivation coefficient.
Cq/p: motivation coefficient ratio.

The differing diffusion patterns of EHRs in Chinese and US
hospitals led to the differences in the patterns of the diffusion
dynamics curves. By assuming that therewill be no major policy
adjustments or technological advancements in the future, we
used the Bass model to fit and predict future EHR adoption in
Chinese and US hospitalsfrom 2019 to 2025, both in the overall
scale and according to hospital scale and location (Figure 6).
An Annual Survey was not conducted in 2016 due to changes
in CHIMA's leadership. In 2017, the survey data from the
software portion of the CHIMA Annual Survey deviated greetly;
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CHIMA does not recommend use of these data. Sincethe ONC
changed its statistical method after 2015, it published only the
overall EHR adoption rate of US hospitals but not the rates of
various subcategories. Therefore, in Figures 6B, 6C, 6D, and
6E, the EHR adoption rates of various types of hospitalsin the
United States are predicted using the data from 2008 to 2015.
The diffusion dynamics curve for EHRs in US hospitals forms
a classic Sshape with a fast growth rate (p=0.03+0.02,
0=0.58+0.07)—larger than that of Chinese hospitals
(p=0.11+0.04, q=0.08+0.07).
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Figure 6. Predicted electronic health record (EHR) adoption up to 2025 in Chinese hospitals (based on Chinese Health Information Management
Association Annual Survey data from 2007 to 2018) and in US hospitals (based on annua survey data from 2008 to 2017 reported by the Office of the
National Coordinator for Health Information Technology and Jhaet a [1,23-31]). (A) Overal predictions and predictions for (B) small-scale hospitals,
(C) large-scale hospitals, (D) hospitalsin economically underdeveloped or rural areas, and (E) hospitalsin economically developed or urban aress.
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Based on the 2007-2018 CHIMA Annual Surveys, we examined
the progress and modes of EHR technology diffusionin sampled
Chinese hospitals nationwide, identified major difficulties in
HIT innovation, and compared them with US hospitals.
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From the perspective of EHR implementation in Chinese
hospitals, Chinese hospitals demonstrated differences in EHR
adoption and growth rates according to scale and location.
Among the sampled hospitals in China, the adoption rates in
small hospitals (Level Il or lower) and in hospitals from
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economically underdeveloped areas were below average.
However, the growth rate of EHR adoption in these
disadvantaged hospital s surpassed that of advantaged hospitals,
as shown by the considerably higher slope in the Bass curves
in Figure 6. This phenomenon islinked to national conditions,
the medical system, and the financial support policy for HIT in
hospitals in China. First, China has a vast territory that varies
greatly from regionto region. Although alarge number of Level
Il or lower hospitals has been set up to provide basic medical
services for local residents, high-quality medical resources are
concentrated in afew Level 111 hospitals. Second, because China
has not established a graded hierarchical medical system,
patients are more inclined to congregate in Level 111 hospitals,
leading to significantly higher workloads for doctors and
correspondingly higher economic benefits [47,48]. Asaresult,
many hospitals that are smaller or located in underdevel oped
areas|ack funds, resources, and motivation to build and maintain
EHRs. Fortunately, the government has recognized this problem.
Policies and funds should favor Level 11 or lower hospitals or
those in underdevel oped areas, whereas Level |11 hospitals or
those in developed areas should mostly be guided by policies
and required to generate their own funding. Furthermore, the
allowing of disadvantaged hospitals that have implemented
EHRs to join medical ingtitution alliances based on regional
HIT hasretained more patientsin local hospitalsinstead of them
seeking carein Level 111 hospitals, which also worksto increase
disadvantaged hospitals income [11]. With the rapid
development and wide application of wearable device
technology [49,50], more real-time health data can be included
in EHRs, which will further promote this trend.

From the perspective of the comparison of the EHR adoption
by Chinese hospitals and US hospitals, athough both the
Chinese and US governments have implemented policy
guidelines and financial incentives to promote EHR adoption,
the patterns of EHR diffusion between the 2 countries differ
considerably. The graph shapesin Figure 2 show thisdifference.
The US trend is more Sshaped and more typical of a
market-driven diffusion pattern, whilethe Chinesetrend ismore
linear and more like a top-down, policy-driven pattern. EHR
adoption in Chinese hospitals follows the innovator mode
(motion coefficient ratio g/p is only 0.06 to 2.66), indicating
that hospitals began to use EHRs in the initial stages dueto the
influence of external administrativeforces[51]. Thisisbecause,
in China, most (about 71.1%) of the secondary and higher
hospitals are funded and managed by the government, and the
number of bedsin public hospitalsis 3 times higher (about 76%)
than that of private hospitals. In 2010, the government began
to invest considerable resources and fundsinto EHRs and issued
relevant policies to guide and support their use. However, the
HIT support strategy at thetime did not provide adetailed, clear,
and measurable meaning of EHRs in Chinese hospitals nor
establish any quantitative rewards, penalties, or standards for
the use of EHRs by hospitals. Thisled to weak growth after the
initial implementation of financial support. Reliance on hospital
motivation to promote EHRswithout sufficient external financial
and policy incentives was proven to be unrealistic and
unsuccessful [4,5,52,53]. In contrast, the EHR adoption ratein
US hospitals grew very slowly from 2008 to 2010, perhaps due
to the adoption of the US Health Insurance Portability and
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Accountability Act [54] in 1996—a comprehensive personal
electronic health information privacy and security protection
law—and the fact that most (about 80%) of the hospitals are
private, which should be promoted by economicinterests. Since
2010, following theimplementation of meaningful use programs
with clear quantitative requirements for EHRs, the EHR
adoption rate increased significantly, and most US hospitals
started to use certified EHRs by 2017. In sharp contrast to the
low effectiveness of the expansive HIT development strategy
in China, the HITECH Act was a major driving force behind
this progress [55,56]. The US government provides financial
incentives to US hospitals that implement EHRs and meet
meaningful use phased standards and imposesfinancial penalties
on those that do not [30]. We believe that the financial support
and policy guidance of this“ carrot and stick” model isalso one
of the most important American experiences.

The most significant morphological difference between the
hospitals' EHR diffusion curves of Chinaand the United States
isthat the motion coefficient ratio g/p value of the US curveis
much larger. On one hand, the q value of the Chinese curveis
smaller, and the P valueislarger. Thismay be becausetherapid
spread of EHRs in Chinais caused by external policy stimuli.
The Chinese government takes the HIT system represented by
EHRs widely implemented in hospitas as a kind of
technological innovation guided by the government and
considers HIT as atechnical tool to promote regional medical
consortium [57]. Asof 2015, according to our previous research
results based on the same survey data, about 57.2% of the
investigated hospitals have joined the regional medical
consortium, 81.9% of these hospitals that have joined the
medical consortium support the interconnection of electronic
data, and the gap between HIT systems of different levels of
medical institutions in the medical consortium is gradually
narrowing [11]. On the other hand, the relatively large g value
of the US curve may beinterpreted in relation to 2 aspects. First,
imitating the words or power of peers or industry leaders may
influence American doctors to use similar EHRs as a tool for
recording and exchanging health information [58]. Second,
American doctors may have a strong willingness to upgrade
information technology [59].

The comparison of the effects and outcomes of EHR
implementation shows that the Chinese government has done
more work to improve theimplementation quantity and quality,
as well as the relevant strategies used; has made unique
contributions; and, thus, has had more achievements. This
comparison can be made from 3 perspectives.

First, as for the implementation quantity, the EHR
implementation rate in Chinain 2018 (85.3%) is equivalent to
that in the United Statesin 2015 (83.8%) but is lower than that
in the United States in 2017 (96%). However, since the base
number of the former surpasses the latter (number of Chinese
hospitals in 2018 was 22,396, compared to the number of
nonfederal US hospitals in 2017, which was 5564) [46], the
number of hospitals adopting EHRs in Chinese hospitals is
approximately 3.3 timesthat in the United States—16,772 and
4818, respectively. Moreover, the annual growth of the former
(1500) is about 2.8 times that of the latter (534). As of 2018,
although China’s population (1.4 billion) is 4.28 times that of
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the United States (327 million), given that the Chinese gross
domestic product (GDP) is only 67.8% that of the latter (the
Chinese GDP being US $13.89 trillion, compared to the US
$20.5 trillion GDP in the United States), the per capita GDP of
China (US$9900) isonly 15.8% that of thelatter (US $62,500)
and is below the world average (US $11,300). It aso reflects
that the former has made great progress in promoting EHRs in
ashort time (11 years), under the promotion of ahuge subjective
initiative.

Second, as for the implementation quality, the China Health
Commission has conducted many top-level design policies.
First, the connotation of EHRs is clearly defined, and EHR
adoption is divided into Levels 0 to 8. Second, through
administrative instructions, different deadlines are set for
hospitals at different levels. For example, by the end of 2020,
al Level 11l and Level Il hospitals must use at least Level 1V
and Level 111 EHRs, respectively. Namely, by the end of 2020
[60], 11,565 secondary and tertiary hospitals in China,
accounting for 52% of the country’s 22,000 hospitals, must use
at least Chinese stage 3 EHRs (roughly corresponding to basic
EHRs with notes). This is 2.4 times the number of the 4818
nonfederal hospitals implementing EHRs in the United States
in 2017 [2,16]. As of July 2020, 128 Chinese hospitals were
tested and verified using EHRs that met the high-level (stages
5-7) standards—44 more than the same period of last year (84
hospitals)—of which 4 reached stage 7 (an increase of 2
hospitals) and 20 reached stage 6 (an increase of 15 hospitals)
[61]. Moreover, the performance monitoring data of the Chinese
government for public hospitals partially verify and support the
prediction results of the BASS model. As of July 2020, the
announcement on “the National Monitoring and Analysisof the
Performance Appraisal of the Nationa Tertiary Public
Hospitals’ released by the Chinese government in 2018 [62]
shows that the participation rate of Chinas EMR level
evaluation of tertiary hospitals was 94.58% by 2018, with an
average stage of 2.72—a stage close to the level of basic EHR
with clinical notesin the United States. Approximately 87% of
tertiary hospitalsreached EHR Level 111 or above, whichisvery
close to the prediction result of the Bass model (87.2%). We
believe that as of the end of 2020, China's tertiary hospitals
were likely to achieve stage 4 EMRs (namely, comprehensive
EHRS). The Chinese government has also released information,
which was published near the end of 2020, on the results of the
performance appraisal of hospitals, including the progress of
theimplementation of EMRsin public hospital sbelow thethird
level.

Third, as for the implementation strategy, evaluation is
emphasized with the principle “promote construction with
eva uation, promoteimprovement with evaluation.” The Chinese
government has adopted different direct capital investments
and indirect policy guidance strategiesfor hospital s of different
scales. For the Level 111 large hospitals, which are responsible
for over 46% of outpatients in China, the government focused
on policy guidance, released many guidelines [63] and
management and normative documents from 2010 to 2019 to
promote hospital digitization with EHRs as the core, and
encouraged private capital investments [64]. Additionally, for
small hospitals at a level lower than Level 11, a strategy of
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direct finance and indirect guidance was adopted to gradually
promote EHR implementation. Furthermore, in 2019, the State
Council of China stipulated that the construction of EHRs was
one major indicator for hospital-level assessment and
appointment of public hospital presidents[64]. For example, in
the 3-year national hospital evaluation, the EHRs used by
tertiary hospitals must meet Chinese stage 4; otherwise, the
hospitals will be downgraded, which will greatly affect the
reputation and economic income of the hospitals.

Limitations

The data used here were collected from (1) repeated
measurements of EHR constructions in the same batch of US
hospitals affiliated with the ONC and American Hospital
Association (2007-2017) and (2) repeated i nvestigationsthrough
self-report questionnaires  (2007-2015, 2018) of EHR
construction from Chinese hospitals participating in annual
conferences organized by the CHIMA. The latter was not
independently verified. Therefore, such analysis might be
affected by several potential confounding factors of data bias.
First, due to the limitation of the CHIMA survey data, there
may be limitations to the classification of EHRsin hospitalsin
China. However, the implementation rate of each classification
of hospitalsis only an added reference index. Moreover, there
are no such hospitalsin the United States, so this classification
is not used mainly for the comparison of the same hospitalsin
Chinaand the United States. Second, wedid not use multivariate
model s to assess the independence among different factors (eg,
grades, types, economic levels, or locations of hospitals). Third,
the cumul ative proportions of some repeated questionnaire data
from CHIMA during 2007-2015 dlightly declined. We think
one explanation may be that throughout the repeated surveys,
the sampling differences of hospital samplesled to differences
in the investigated data. Although we limit our deductions to
our own samples, our analyses are valuable in that these data
are the only available quantitative data concerning the trend in
HIT development in China over a time span of 10 years and
collected by the Chinese state-level academy inthisfield. These
arethe only authoritative, national-level, long-term quantitative
data available on the rate of adoption of EHRs in Chinese
hospitals. Therefore, these are the best available data that can
reflect the status of EHR usein Chinese hospitals. Furthermore,
due to the differences in the economic, cultural, and health
systems between China and the United States, there are also
some differences in the functional definition of necessary
components of hospital EHRs. Therefore, we mainly analyzed
the overall time trend of EHR implementation in hospitals of
the 2 countries, and the horizontal comparison is only for an
approximate reference.

Conclusion

Over the last decade, the Chinese government has identified
HIT development, represented by hospital EHRs, as an
important technical focus and starting point to support medical
reform. According to the CHIMA Annual Surveys, the average
EHR adoption rate in sampled hospitalsin Chinaincreased by
3.6 timesfrom 2007 to 2018, peaking at 85.3%, which exceeds
that of 83.8% in US hospitalsin 2015 but islower than the 96%
recorded in 2017. The difference in the EHR technology
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diffusion curves of China and the United States based on the
Bass model is very likely due to the differences in the EHR
promotion, implementation, and management policies, aswell
asthe medical system, of the 2 countries. The former ismainly
stimulated by external policies, while the latter is initiated by
their own technological upgrading needs. The Chinese
government has begun to amend relevant policies, gradually
implementing both financial support and policy guidance
measures and adding the assessment of secondary utilization
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