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China has entered a transitional time in the health of its
population and the capacity of its health care system to
address the country’s changing needs. Prior successes
in socioeconomic development have led to a large and
growing elderly population, as well as rising rates of
non-communicable diseases, which has challenged
China to reform its health care system. In particular,
attention has been turned recently to a more integrated
national policy to strengthen the primary health care
system, which provides 55.1% of outpatient care and
18.3% of inpatient care, as well as basic public health
services to the 1.4 billion citizens in China.1

Despite 3.7 million primary health care providers
from 0.9 million institutions, prior surveys indicated
that the supply and capability of primary health care
workforce in China were disproportionately insufficient
to meet the increasing societal expectations for respon-
sive, accessible, affordable, and high-quality medical
care.2,3 The Chinese government announced the general
practitioner (GP) guideline in 2011.4 There were only
about 100,000 qualified GPs (about 0.8 per 10,000 resi-
dents) in 2012.5 By the end of 2019, China had trained
over 300,000 GPs (about 2.2 per 10,000 residents)
through in-service training and standardized residency
training. However, even if the government achieves its
aim of training 5 GPs per 10,000 residents by 2030,6 the
population density of GPs would still be far below that of
Western countries, where the number per 10,000 resi-
dents was eight in the United Kingdom and 11 in
Australia. This is one of the major shortfalls that have
been jeopardizing the management of common chronic
conditions like hypertension in communities. In two
recent nationally representative studies,7,8 the poor
awareness (31.9% and 46.9%) and control rates (9.7%
and 15.3%) indicated gaps in both public health service
(i.e. population screening) and clinical care (i.e., patient
treatments).

Obviously, traditional approaches to tackle the chal-
lenges of training primary health care physicians are
inadequate. In order to enhance the quality of primary
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health care throughout the country, China needs to
leverage novel technologies, including artificial intelli-
gence, cloud computing, and internet of things, to
develop scalable tools based on the national leading
knowledge base.

The newly established National Primary Health Care
Hypertension Management Office in the National
Center for Cardiovascular Diseases (NCCD) in Beijing
has set a good example of the pooling of extensive re-
sources and the introduction of new technologies in
China. The office developed five key strategies specif-
ically for hypertension management by the primary
health care system, including: 1) a new clinical practice
guideline; 2) a set of performance indicators; 3) a quality
assessment system; 4) training and certification mech-
anisms; and 5) health education platforms. The funda-
mental philosophy is that management of clinical
conditions commonly encountered by primary health
care physicians, like hypertension, is relatively straight-
forward. Thus it could be standardized using practical
guidelines and online training, as well as monitored
using simple indicators and real-time data platforms.
From 2018 to 2021, more than 2.4 million physicians
from 0.32 million primary health care institutions
located in all 31 provinces registered for the online
training program, 1.6 million of whom were certified
after successful completion. Over 75% of the trainees
were registered within the first year of the program. In
the meantime, the quality monitoring network has
covered all primary health care institutions in 143
counties/districts from 4 provinces.

As a step forward, CHESS (a Comprehensive intel-
ligent Hypertension managEment System for Support-
ing patients and physicians) was developed by NCCD as
a multifaceted-intervention system comprising of home
blood pressure monitoring, an intelligent reminder and
alert system, a clinical decision support system (CDSS),
and a data platform. In addition to CDSS which had
been previously shown to be a promising tool to
improve care quality and efficiency,9–15 home blood
pressure values will be transferred from patients’ home
to the platform and primary health information system;
intelligent reminder and alert system will be triggered
according to the patient’s characteristics and blood
pressure by contacting patients and physicians with
voices or messages or apps (depends on whether they
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had a smartphone); hypertension management quality
(such as the blood pressure control rate) will be
measured and sent to physicians or administrators
regularly to promote quality improvement.

The basic decision-support functions of CHESS are
to provide advice on prescriptions and referral according
to guidelines and patients’ characteristics, including
age, medical histories, current blood pressure, heart
rate, medication use, and potential contraindications or
adverse reactions to antihypertensive medications. At
each clinic, recommendations are generated automati-
cally, while the final decision is in the physician’s hands.
The advice also includes reminders for dosage adjust-
ments and calculations, alerts for potential contraindi-
cations, and prevention of adverse drug reactions.
Within the clinical decision-support tool, rigorous al-
gorithms were developed based on the latest clinical
guidelines, experience extracted from prior medical
documents, and comparative effectiveness research
findings generated based on information from everyday
practice.

The CDSS could be embedded into the health in-
formation system of primary health institutions, which
is considered the preferred way, because the recom-
mendation could appear during the clinic process and
would be easy to use by physicians without much
additional input. Nevertheless, this function, even
though developed and maintained by NCCD, requires
collaborations with local government, and support from
the local information technology companies. It is note-
worthy that health information technology systems for
primary care are commonly unavailable or are func-
tionally fragmented in China.3,16,17 Thus in the future,
NCCD also plans to develop an online version that could
be adapted for areas where primary care HIS is not
available.

CDSS completed a pilot study in 3 primary health
institutions in Beijing, which involved 15 physicians and
246 patients with uncontrolled hypertension. After a
6-month intervention, the average systolic blood pressure
decreased form 149 ± 16 mmHg to 133 ± 11 mmHg,
while the blood pressure control rate increased from 0 to
65.8% (unpublished manuscript).

Development of CHESS is almost complete, and its
effectiveness will be evaluated by a cluster randomized
clinical trial. If it is successful, it will be extended into
other chronic diseases, like diabetes mellitus, dyslipi-
daemia and so on.

Furthermore, this tool is user-friendly and patient-
centred, as the goal is to improve the experience of
both clinician and patient. The user interface is highly
intuitive and requires minimum training. Also, the
decision-support function was believed to be more effi-
cient if the information related to the problem the pa-
tient is facing was registered and classified in the
framework of care episodes, rather than the framework
of care venues.
China is in the position of demonstrating how
technology could bolster the performance of the primary
health care system. The newly established National
Medicine Centers should undertake their due obliga-
tions to strengthen primary health care institutions and
the workforce by summarizing and spreading their
knowledge and experience. It is common for hospitals
provide support to local primary health care institutions,
including expert consultation, technical training, and
quality promoting, but this is inevitably limited by their
professionals’ investment of time and effort. In com-
parison, scalable tools leveraging aforementioned tech-
nology like CHESS could make it possible to influence
almost every care primary health care provider quickly,
concurrently, and sustainably.

At this stage, the NCCD continues to explore– what
the evolution of primary health care system will look
like, and what iterations the CHESS will need to meet
the medical demands. Generally, China should gradu-
ally configure its primary health care system to be a
learning platform for knowledge generation in both care
strategies and health policy. The learning health system
is based on the premise that the data generated in the
ongoing delivery of care should be leveraged to produce
insights and discoveries that are made available to
practitioners to improve care and performance. Tools
could consider embedding outcomes research and
implementation research, which act as engines to
generate and test new knowledge in a rapid cycle, to
answer what strategies work in which populations, and
how best to ensure that care is optimally delivered. To
achieve this, 1) use of centralized health IT systems and
standardized data collection in the primary health care
system suggested above could lay the groundwork;
2) companies with expertise in artificial intelligence
should continue collaborating with professionals to
develop digital tools and online platforms; 3) users
should be committed to ensure that the tools and plat-
forms are adequately tested; 4) authorities should coor-
dinate efforts and local experiments to determine best
practices and to iterate on what is being learned. In
future learning primary health care system, physicians
and patients are hopefully made partners in the
knowledge generation efforts, and the robust research
program should propel the science forward – for China
and the rest of the world.
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