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As the global demand for healthcare services continues to grow, improving the efficiency and effectiveness of
the healthcare ecosystem has become a pressing concern. Information systems are transforming the healthcare
delivery process, shifting the focus of healthcare services from passive disease treatment to proactive health
prevention and the healthcare management model from hospital-centric to patient-centric. This study focuses on
reviewing research in IS journals on the topic of e-health and is dedicated to constructing a theoretical model of
intelligent health to provide a research basis for future discussions in this field. In addition, as the innovation of
intelligent healthcare services has led to changes in its elements (e.g., an increase in the number of stakeholders),
there is an urgent need to sort out and analyze the existing research.

1. Introduction

The digitalization of healthcare has become a hot topic in informa-
tion system (IS) research in recent years, leading to a number of stud-
ies on the subject [1]. Researchers believe that increasing the integra-
tion of information, technology, people, and connectivity will increase
the efficiency of healthcare professionals and improve patient health
[2]. The COVID-19 pandemic has also helped to usher in widespread
acceptance of digital health products, which has fundamentally trans-
formed the healthcare industry [3]. For instance, according to a report
from McKinsey & Company, “Telemedicine consultations in Germany
increased significantly with the onset of the COVID-19 pandemic, from
fewer than 3,000 in 2019 to 2.7 million in 2020”!. In China, in the first
six months after Baidu launched its “Ask a Doctor” service, more than
300,000 consultations were conducted daily, and 4.2 million consulta-
tions were conducted cumulatively?. Thus, the pandemic may amplify
healthcare digitalization in the long term, which provides interesting
avenues for future research.

* Corresponding author.
E-mail address: yl_yanli@cufe.edu.cn (Y. Li).
T These authors contributed equally to this work.

A number of review papers have been published in the IS domain
regarding the digitalization of healthcare, examining how information
systems can impact healthcare delivery [1,4-6]. For instance, Agarwal
et al. [4] surveyed studies of health information systems (HISs) such
as electronic health records and proposed that prior studies mainly fo-
cused on exploring the factors influencing HIS adoption and how in-
vestment in HIS affects medical performance (e.g., financial cost, qual-
ity of care). Furthermore, healthcare services are undergoing significant
transformation due to the emergence of external players, particularly
technology companies that provide services such as fitness trackers and
patient monitoring software in hospitals. Thus, Ostern et al. [1] extend
healthcare contexts to include mobile health (mHealth), health infor-
mation exchanges, online healthcare communities (OHCs), and services
that alter customer expectations and may result in significant interven-
tions. These authors also present a corresponding research agenda by
reviewing IS publications relevant to their focal topics.

From these review papers, it appears that HIS is continuously updat-
ing our understanding of how healthcare is delivered and gradually driv-

1 https://www.mckinsey.com/industries/life-sciences/our-insights/germanys-ehealth-transformation-makes-good-but-uneven-progress#0.
2 https://www.cn-healthcare.com/articlewm,/20200211/content-1087401.html?appfrom=jkj.
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ing this process. For example, online platforms have enabled a shift from
a physician-centric to a patient-centric healthcare delivery scenario [7].
In recent years, advanced technologies (e.g., Internet of Things, sensors,
artificial intelligence) have also been gradually integrated into HIS, driv-
ing dynamic data collection, management, and analysis, and supporting
the transfer of information across stakeholders in the healthcare deliv-
ery process. This change will further expand our understanding of the
impacts of information technology on healthcare delivery. It is imper-
ative that we develop a solid foundation for future e-health research
by updating our understanding of intelligent health and how intelligent
technologies will transform the healthcare domain. It is thus essential to
have a comprehensive understanding of prior research on e-health and
of the technology evolution in the healthcare field.

This study presents a literature review of papers on healthcare re-
lated topics in the IS and medical informatics field. By analyzing the
existing literature, this study presents a concept of intelligent health
that covers most applications of e-health technology. It also sorts out
the development of information systems applications in healthcare and
presents a research agenda focused on intelligent health. Specifically,
intelligent health is a dynamic and iterative health management pro-
cess that uses diverse information technologies to support information
exchange among stakeholders in the healthcare service process and sig-
nificantly influence the learning, compliance, and feedback behaviors of
stakeholders to achieve the goals of the management process. In addi-
tion, this study constructs an information-service-management research
model that can be used to map the progress of intelligent health research
in the IS field. This study will provide a theoretical foundation and, more
importantly, a practical research framework for future research.

This study provides insights for IS researchers into both the develop-
ment of the healthcare field and the impacts of information systems on
it, as well as providing a research foundation for further exploration in
this area. This study systematically examines the IS field’s exploration
of healthcare topics and the exploration of e-health topics in medical
informatics. This study also combines the current state of intelligent
technology development with the state of the healthcare industry to sug-
gest feasible future research directions, offer viable guidance for future
research and practice, and provide a solid research foundation for the
development of healthcare ecosystems.

2. Medical care and intelligent health

An analysis of the literature on e-health shows that the concept of
e-health is changing with the development of technology and is chang-
ing from “electronic health” to “intelligent health”. To understand in-
telligent health, we propose two dimensions involved in this concept:
stakeholders and IT affordances. Stakeholders refer to the people in
the healthcare delivery process, including physicians, patients, families,
communities, government, and technical assistants. IT affordances refer
to the possibilities and opportunities for action arising from the involve-
ment of actors in a focused technology [8]. Affordability theory proposes
that each environment contains specific affordances or possibilities that
trigger specific actions, which may vary depending on the characteris-
tics of the environment and the actors [9]. Therefore, when we discuss
intelligent health’s relationship to IS, we define it as the ability, medi-
ated through the interaction of a technological object with the user, to
guide the user to take a target action [10,11].

Based on a systematic analysis of the literature related to HIS and
the research framework of Barrett et al. [12], we identified three IT
affordances in healthcare: connecting, social, and sensing and collecting.
Specifically, as IS applications in healthcare began to develop, HIS and
telemedicine bridged the connections among physicians and patients inside
and outside hospitals to meet patients’ needs for efficient healthcare ser-
vices and access to quality healthcare resources in an infinite amount
of time and space [13]. As Internet technologies have developed, social
has been added to connectivity by creating social networks between users
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Fig. 1. The development process of intelligent health.

(physicians and patients) so that through mHealth and OHCs, patients can
access health information and socialize with other users [14,15]. This
affordance has also enabled HIS to engage more stakeholders, such as
family members, community members, and government and IS employ-
ees, in the healthcare delivery process [16]. Then, as patient demand for
personalized healthcare has increased, sensing and collecting are being
added to e-health services to enable intelligent capabilities in health-
care delivery by providing users with services like intelligent diagnosis
and personalized recommendations [17].

Fig. 1 depicts the evolution of HIS. With the evolution of stakeholders
and IT affordances in healthcare services, we classified the development
of HIS into three stages: Stage 1: emphasis on healthcare data connection
and exchange, Stage 2: emphasis on stakeholder communication and ex-
change, and Stage 3: emphasis on intelligent services. Throughout this
development process, the empowerment of healthcare services via the
advanced technologies has resulted in the maturing of the idea of intel-
ligent health, and we can observe in the third stage that the scenarios
in intelligent health have gotten more diverse as the variety of IT af-
fordances and stakeholders grows. Technologies, such as telemedicine,
the digital hospital, and e-health, will serve as the foundations and key
components of intelligent health. However, intelligent health is a more
complex concept that goes beyond the integration of intelligent tech-
nologies into healthcare systems and services. Thus, based on above,
the intelligent health in this study refers to the HIS applications in the
third stage.

It is important to note that the concept of intelligent health in a nar-
row sense is limited to studies related to the application of intelligent
technologies (e.g., machine learning) in the healthcare, while the con-
cept of intelligent health in a broad sense is used in this study, which
covers the application of diverse information technologies in the health-
care and emphasizes more on the affordances achieved by HISs, e.g.,
data analysis through a large amount of EMR data to predict variables
related to quality of care; discussing the impact of personalized medi-
cal services provided by mHealth, etc. Therefore, we based on the two
dimensions mentioned above define intelligent health as a dynamic in-
teraction iterative process of health management using diverse information
technologies that collect, manage and analyze health data to support infor-
mation delivery among stakeholders in the health service process, significantly
influencing stakeholders’ learning, adherence and feedback behavior in or-
der to achieve health management goals. Compared with traditional medi-
cal treatment, intelligent health has some distinct characteristics includ-
ing integrated healthcare systems with rich connections among multiple
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stakeholders, personalized healthcare services based on health big data,
and intellectualization among the whole standard process of subdivided
medical treatments. Despite the importance of intelligent health, there
are several issues that still need to be addressed to develop it, resulting
in several challenges for its development and application.

3. Methods

A scoping review of literature is conducted in this study in order to
identify knowledge gaps in intelligent health, scope a body of literature,
clarify concepts of intelligent health, and investigate research methods
[18]. To conduct this study, we used a method involving interrelated
stages of searching, screening, and analyzing the content [1]. In the
search stage, the scope of the literature review is described, in the con-
tent screening stage, the papers are selected, and finally, in the content
analysis stage, we can extract the most relevant topics from the papers.
Below, we provide a more detailed description of these three stages.

3.1. Searching

In this study, the search method used by Ostern et al. [1], the
hermeneutic approach, was adopted to more comprehensively, system-
atically, and effectively identify intelligent health-related papers in the
literature. This method improves the quality and criticism of scholarship
and research by emphasizing the importance of reading and the dialogi-
cal interaction between literature and readers. We first searched the web
of science using the keywords “digital health” and “electronic health”
and filtered the search results based on title, abstract, and keywords to
initially identify a set of 30 papers as the initial dataset. We then ex-
panded and refined our keywords by reading these papers. During the
subsequent reading of the papers, we repeated the process of compar-
ing the keywords in the papers with the latest keyword sets and adding
them if they were relevant to our research question (intelligent health
in IS research). All authors of this study discussed the set of keywords
obtained using this method until a consensus was reached.

We finally obtained two keyword sets for searching in the IS
and medical informatics literature, respectively. Since IS research
is cross-disciplinary research focused on information systems [19],
we searched by medical health keywords to obtain a more compre-
hensive view of e-health research in IS, with the keyword set of
“healthcare/health, hospital, online health community, m-health, tele-
medicine, doctor/physician, patient, and chronic disease”. Since medi-
cal informatics itself focuses on the intersection of IT and health/medical
topics, this study used keywords related to different HIT applications
to obtain more comprehensive search results, like “electronic health,
ehealth, mobile health, health apps, techhealth, healthcare services,
healthcare informatics, medical informatics, health data”. Accordingly,
this study could obtain the development history of e-health research
through the analysis of e-health related papers in IS literature, to under-
stand how e-health developed into intelligent health.

Given our initial research questions and the scope of the review,
we began by searching for papers in Web of Science over a period of
20 years (2003 to 2022). We used the above keywords to search for
papers in the dataset. To provide insights for future research in the IS
domain about e-health topic, we reviewed studies published in a basket
of eight IS journals (i.e., EJIS, ISR, ISJ, JAIS, JIT, JMIS, JSIS, MISQ)®,
well-regarded journals following analysis of ref. [1] (e.g., DSS, 1&M*)
and journals from health informatics area (e.g., JAMIA, Lancet Digital
Health, BMC Medical Research Methodology®). Following the creation

3 The basket of eight IS journals includes MIS Quarterly (MIS), Information Systems Re-
search (ISR), Journal of Management Information Systems (JMIS), Journal of the Association
for Information Systems (JAIS), Journal of Strategic Information Systems (JSIS), Journal of In-
formation Technology (JIT), European Journal of Information Systems (EJIS), and Information
Systems Journal (ISJ).

4 DSS: Decision Support Systems; I&M: Information & Management.

5 JAMIA*: Journal of the American Medical Informatics Association.
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of a dataset and the removal of duplicates, 5,042 publications were left
to be evaluated in the searching stage.

3.2. Content screening

We first excluded any papers that did not meet our criteria, such
as papers that were abstract-only papers, research-in-progress papers,
panel formats, or workshop formats, research notes, editorial material,
letters, as well as papers without direct thematic reference to our re-
search objective. We also excluded the papers unrelated to the informa-
tion systems, like the research question of career options for healthcare
professionals in the context of new technologies. We believe that such
issues do not interact directly with the information systems and, there-
fore, are not included in this literature review. After screening, we ob-
tained 1,483 papers and proceeded to review the full text of each one.
It is important to note that this study use the broader concept of in-
telligent health. It describes a dynamic interaction iterative process of
health management using diverse information technologies that collect,
manage and analyze health data to support information delivery among
stakeholders in the health service process. Thus, we exclude the papers
only discussed the HISs with simple information storage or exchange
functions, such as primary hospital information systems or health infor-
mation exchange systems. But the studies related to hospital informa-
tion systems with advanced functions (e.g., data analysis, visualization
or predictions) are included in our review. Afterward, content screening
resulted in the reduction of the number of papers to 402. We then read
these papers to determine the context and technology used in the stud-
ies. Appendix A provides a detailed description of the paper selection
process. Appendix B shows the number distributions of publications in
the journals reviewed in this study.

3.3. Content analysis

The review papers in the previous literature provided a general un-
derstanding of the literature, which enabled us to analyze and interpret
the data. Accordingly, we classified the 402 included papers using meta-
synthesis integrated content coding and analyzed their specific content
according to the method described in Ostern et al. ’s study [1]. Specifi-
cally, two authors labeled papers based on research focus, observation
level, model, and method. After reviewing the results of the research
focus, three main research aspects were identified and synthesized: de-
sign and method development, patient and physician attitudes and be-
haviors, and HIT evaluation and impact. As an example, in design and
method development, we include ‘software design for electronic health
records’, ‘predictive models for adverse drug reactions’, ‘screening for
depression symptoms’, and ‘detection models for automated adverse
event and medical error detection’. Furthermore, we reviewed the pa-
pers in each category and identified themes, main topics, types of HIT,
and significant findings, as shown in the following section.

4. Intelligent health: information-service-management model

Based on the review findings and on our definition of intelligent
health, we identified three focuses of studies in prior literature, namely,
intelligent information systems, medical services, and health manage-
ment. Fig. 2 illustrates how these three components combine to form
the intelligent health literature. We then propose a conceptual frame-
work including three management elements, namely, information sys-
tem management, service management and societal impacts, to further
understand the main research focus of e-health domain and construct
the foundation for future research.

+ Information system management focuses on the health data an-
alytics, healthcare system design and management issues related
to health data, information and systems. By building connections
among systems, data, and people, this research stream aims to in-
crease information value, IT efficiency, and accuracy when applying
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IT artifacts to medical and healthcare practices, which could build
the technical foundation for future studies.

The service management stream focuses on how stakeholders gain
benefits during the interaction process of intelligent health services.
The implementation of information technology leads to a shift from
physician-centered to patient-centered medical services, which in-
creases the power of social connections and stakeholder interaction
in influencing attitudes and behaviors, resulting in potential social,
economic, and medical value in healthcare systems. Thus, the objec-
tive of this research stream is to explore paradoxes that occur during
the service process in an intelligent healthcare environment, paying
more attention to the antecedents and consequences of physician-
patient interaction behaviors.

Societal impacts research examines how HIT affects societal prob-
lems related to healthcare management (e.g., tense relationships be-
tween physicians and patients). A growing number of stakeholders
are interacting with new medical and healthcare services, leading
to studies that focus on the social impact of these services, bringing
a more holistic approach to understanding the impact of intelligent
health. Therefore, in comparison with studies in the service manage-
ment stream, which look at interactions between stakeholders, this
stream focuses on research topics relating to changes in HIS at the
organizational and community levels.

.

Consequently, the relationships between intelligent information sys-
tems, medical services, and health management are dynamic systems
in the sense that intelligent information systems provide technical
support for medical services and health management, medical ser-
vices provide interaction mechanisms, and health management pro-
vides guidelines for IT design and service provision for the other two
elements. As shown in Fig. 2, these three elements are dynamically
interconnected.

4.1. Information and system management in intelligent health

Prior studies in this stream mainly discussed clinical and healthcare
intelligent design, health information exchange, privacy concern and
information security.

4.1.1. Clinical and healthcare intelligent design

It is important to note that in the early stages of HIT implementation,
there are numerous issues relating to the design of the IS, which lead to
discussions regarding how to improve the effectiveness of an HIS and its
efficiency of implementation. Prior studies have aimed to provide HIS
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designs that can aid with a particular disease, such as personalized treat-
ment plans for breast cancer [20] and smart asthma management [17].
Further, considerable discussion has focused on ways to utilize emerg-
ing technologies for health management, such as how to create virtual
communities for patients, mobile health services for self-management,
and in-home diabetes management systems using IoT and sensor-based
technologies [21-24]. Also, the concept of information infrastructure in-
dicates a shift in focus from discrete information systems to expanding
assemblages of closely related systems [25]. As a result, studies can pro-
vide valuable insights into how to design information infrastructures.
In addition, accumulated health data and intelligent technologies
provide opportunities for healthcare innovation that can support clini-
cal decision making for personalized and preventive care by identifying
risks in healthcare delivery or self-management processes. For instance,
Lin et al. [26] developed a Bayesian multitask learning model that en-
ables healthcare providers to achieve multifaceted risk analysis, and the
model can reduce the risk of future adverse health events in patients.
Similarly, clinical intelligence systems can predict medical performance
in hospital or other stakeholder activities. For instance, Bardhan et al.
[27] developed the beta geometric Erlang-2 (BG/EG) hurdle model, a
novel predictive analytics model that predicts the propensity, frequency,
and timing of readmissions of patients diagnosed with congestive heart
failure. Intelligent technologies have also been used to address the fraud,
waste, and abuse that are significant issues in healthcare industries, par-
ticularly when it comes to third-party payers such as Medicare. For in-
stance, Bouayad et al. [28] proposed a generalized linear mixed model
with multitask learning and stochastic time series processes to identify
fraudulent activities and thereby reduce excess healthcare costs.

4.1.2. Health information exchange

There has been significant interest in health information exchanges
in both academic and industrial areas of healthcare, primarily due to
their potential impact on cost reduction and quality enhancement for
healthcare services [29]. Patient health records are fragmented, and
they cannot be exchanged between healthcare systems [30]. This has
resulted in a significant increase in healthcare costs and reduced qual-
ity of care. Research on this topic has indicated the importance of es-
tablishing health information exchange (HIE) platforms and sustainable
HIE networks [31-33]. Researchers have also empirically examined the
relationship between HIE and healthcare cost reduction [29]. Further-
more, while the importance of implementing an HIE within healthcare
systems has been widely acknowledged, effective integration of HIE with
internal systems is essential to obtaining the expected performance ben-
efits [34].

4.1.3. Privacy concern and information security

Within the emerging context of healthcare digitalization, electronic
health records (EHRs) constitute a significant technological advance in
the way medical information is stored, communicated, and processed
by the multiple parties involved in healthcare delivery [35]. Despite the
expected value potential of this technology, there is widespread worry
that consumer privacy concerns may hinder its popularity [36]. Studies
have also highlighted the potential negative impact of privacy issues on
health information systems; for example, individuals’ privacy concerns
can affect the information framework of health information systems and
thus patients’ attitudes or behaviors in using health systems [36]. There-
fore, although health information technology has increased the accessi-
bility of healthcare data and benefited medical research and healthcare
management, patient privacy issues remain a concern and issue to be
addressed when sharing healthcare data.

Thus, healthcare privacy and information security are currently in-
tensively studied in e-health research in the IS field. Specific topics
include the drivers of disclosing personal health information [37-39],
how to strengthen information security through health information ex-
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change design [40-42], and information security policy views [43,44].
For instance, Anderson and Agarwal [39] proposed that the relation-
ship between privacy concern and people’s willingness to provide ac-
cess to their personal health information is influenced by the informa-
tion type, intended purpose, and requesting stakeholders, as well as
their emotional status. To protect patient health information, Li and
Qin [41] proposed a new systematic approach to extract, cluster, and
anonymize medical text records by including a recursive partitioning
method to cluster medical text records based on the similarity of the
health and medical information and a value-enumeration method to
anonymize potentially identifying information in the text data rather
than simply detecting and removing patient identifiers from it. Further,
studies have discussed the determinants of patient information breaches,
including IT strategies or IT investment (e.g., meaningful use attestation,
the adoption of HIT) and individual characteristics (e.g., professional
subcultures) [40,42]. Finally, several studies have explored the effec-
tiveness of the consequences of organizational privacy efforts, provid-
ing policy insights for effective security programs in complex healthcare
environments.

4.2. Service management in intelligent health

Intelligent health service aims to improve service quality and satis-
faction and increase the organization’s competitiveness in healthcare
markets. Mobile health applications, for example, may collect users’
health data (e.g., exercise, sleep data) through wearable devices for per-
sonalized health interventions. OHC allows for personalized doctor rec-
ommendations based on patient needs. The directions of prior studies
include the adoption of intelligent health services, the interaction pro-
cess, and value creation among stakeholders.

4.2.1. Health services adoption

Studies in this stream have discussed stakeholders’ behavior in
adopting healthcare services, such as physicians’ adoption or resistance
behavior regarding OHC and m-health services [45-48], as well as pa-
tients’ adoption behavior regarding OHC, and m-health services [49,50].
Studies initially discussed the determinants of physicians’ intentions or
adoption behaviors regarding HISs, like EMR and COPE, through the
mechanisms of cognitive factors (e.g., usefulness) [48], affective factors
(e.g., IT anxiety) [45], and social influence [46]. With the emergence
of advanced Internet capabilities, studies then investigated the deter-
minants of HIT adoption (e.g., telemedicine, online health community,
mobile health) from more diverse perspectives, such as multi-users (e.g.,
service providers to patients), multi-channels (e.g., online to offline),
and diverse IT artifacts (e.g., gamification).

4.2.2. Service process management

Empowered by advanced Internet capabilities, online health plat-
forms (e.g., online health community, m-health, social media in health-
care) enable professionals to share high-quality health information
[51] and offer healthcare consultation services; they allow patients
to share their experiences [15] and this communication can decrease
tensions between physicians and patients [14]. However, online plat-
forms can also lead to inequities in the healthcare delivery process,
which in turn can affect the quality of the physician-patient relationship.
Liu et al. [14] empirically examined the causal relationship between
physician-patient behavior in online healthcare communities and the
benefits of this collaborative relationship in terms of improving interper-
sonal relationships between patients and physicians. Physician-patient
interactions in online healthcare communities are not limited to medi-
cal services or medical decisions, but they may also have spillover ef-
fects on their non-transactional behaviors, such as effects on physicians’
knowledge-sharing [52] and patients’ online reviews [53]. As technol-
ogy has developed, new issues have emerged in the healthcare deliv-
ery process; for example, Al has the potential to become a healthcare
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provider, but it is unclear how the addition of Al will affect healthcare
delivery. Accordingly, recent studies have mostly discussed issues re-
lated to dynamic doctor-patient interactions from the dual perspectives
of physicians and patients, including the antecedents and consequences
of doctor-patient interactions and the dynamic interaction process.

4.2.3. Stakeholders and value co-creation

Online health platforms have the potential to become a channel for
value exchanges among stakeholders in the healthcare delivery pro-
cess. These exchanges could affect patients’ cognitive status (e.g., health
knowledge, health awareness) [54], improve their emotional state or
perceptions (e.g., patient satisfaction), generate economic value for
providers (e.g., financial performance, financial rewards) [55], reshape
providers’ reputations (e.g., gifting, online ratings) [56], and improve
patient health status (e.g., well-being) [14], thereby benefiting stake-
holders in the healthcare delivery process. It has been shown that ex-
change behavior among healthcare stakeholders in online healthcare
communities can be a potential resource for solving problems in medi-
cal practice.

4.3. Societal impact in intelligent health

Research in this direction discusses the social impacts of adopting
intelligent health technologies from three perspectives: hospital man-
agement, self-management, and public health. First, intelligent health
technologies can improve hospital management problems by optimizing
the process of healthcare delivery. Second, intelligent health technolo-
gies can provide technical supports for people self-management. Finally,
intelligent health technologies can optimize the allocation of healthcare
resources and provide technical support during public emergencies (e.g.,
COVID-19).

4.3.1. Medical process optimization

Patients face practical problems in accessing medical care, such as
complex diagnostic and treatment processes, high treatment costs, and
inefficient services. These also lead to inefficiencies in hospital man-
agement, such as high operating costs and low quality of care. There-
fore, studies in this stream focus on the question of how intelligent IT
could improve the effectiveness and efficiency of medical services. By
collecting data related to hospital operations and quality of care, stud-
ies have posited that applying intelligent technologies in hospitals could
reduce financial cost [31], medical errors [57], and readmission, and it
could also increase hospital operational efficiency (e.g., bed turnover,
responsiveness) through the information transfer in the healthcare sys-
tem [58-62]. Intelligent technologies could also help hospitals improve
their reputation or gain a digital advantage [63,64].

4.3.2. Personal self-management and patient outcomes

The synergistic characteristics of intelligent health can help elimi-
nate physician-patient communication barriers and improve physician-
patient relationships, but its mechanism of action is still unclear. Focus-
ing on the question of how intelligent IT can alleviate tension between
physicians and patients and improve patients’ health status, studies have
provided evidence that intelligent technologies are great potentials for
improving patients’ health outcomes because they are not limited by
the hospital context [65]. Intelligent health services can also satisfy the
individualized health management needs of patients with chronic dis-
eases, but there is still a lack of empirical evidence for its medical and
economic value, and the corresponding mechanism of action remains to
be explored [14]. Therefore, studies have posited that intelligent tech-
nologies could support patients’ self-management, and their positive be-
havior (e.g., adherence, use, connecting network) could then influence
their health outcomes [14,66,67].
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Fig. 3. Review findings on intelligent health.

4.3.3. Medical resource distribution

Regarding the redistribution of medical resources, the uneven dis-
tribution of medical resources between regions is a long-term social
problem facing China and the world. Focusing on the question of how
intelligent IT improves the imbalance of medical resources, studies
have posited that intelligent technologies enable the flow of medi-
cal resources across various channels through providing medical ser-
vices (e.g., making an appointment, online consultations) [67-70].
For instance, Goh et al. [71] showed that technology-mediated on-
line health communities are able to alleviate rural-urban health dis-
parities through the social exchange among users. However, there are
dark sides to the impacts of intelligent technologies when they are
not applied in an appropriate way. For instance, Greenwood et al.
[72] found that when technologies are disruptive and force profes-
sionals to alter their routines, there is a pronounced exodus from the
organization.

4.3.4. Public emergencies

In recent years, COVID-19 has posed significant challenges to public
health, resulting in heated discussions about solutions to mitigate the
damage caused by disease to national well-being [73]. Many journals
have published special issues related to COVID-19 topics, such as the
special issue on digital resilience published by MISQ®, which in 2020
featured prospective research on digital resilience in response to ma-
jor exogenous shocks (e.g., COVID-19). Most of the intelligent health
papers in this direction focus on the role of information technology in
eliminating the effects of COVID-19 [3], particularly as it relates to peo-
ple’s mental health [74]. Research from the medical informatics liter-
ature suggests several methods for tracking, monitoring, and early de-
tection of COVID-19 infection through the mining of multi-source data
(e.g., electronic medical record, social media) [75,76]. COVID-19 has
also driven the discussion of the impact of online platforms, which have
been a dominant channel for people to exchange health information.
This research stream implies potential benefits of the use of IT to shape
new health behaviors, but these discussions are limited. Fig. 3 is a sum-
mary of our review findings.

® URL: https://misq.umn.edu/skin/frontend/default/misq/pdf/CurrentCalls/Digital
Resilience.pdf.
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5. Lessons and opportunities from the literature review on
intelligent health

New context with emerging technologies brings new phenomena and
opportunities for e-health research. Specifically, driven by their high
computing power, advanced technologies and methods (e.g., machine
learning, deep learning) enable researchers to conduct diverse analy-
ses with high analytic performance [77]. Then, as more IT implemen-
tation has occurred in the healthcare domain, more stakeholders have
been considered in studies. Lastly, the center of health management is
shifting from disease treatment to preventive care (health promotion
and disease prevention). Therefore, by reviewing published intelligent
health studies, we summarize the lessons and opportunities for future
studies. These include empowerment from the high computing power of the
advanced technologies, value creation from intensive exchange among multi-
users in medical services, and transformation of the management paradigm
of intelligent health services, as shown in Fig. 4.

By reviewing papers in the IS and medical informatics literature, we
can identify research status on the topic of intelligent health in both
fields and thus provide informative insights into each other’s future re-
search. In this section, we identified the strength and weakness of med-
ical informatics literature to bring insights for IS studies.
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5.1. Empowerment from the high computing power of the advanced
technologies

Emerging technologies could power the healthcare domain in two
ways: analytic models with high computing power [78] and new prac-
tical context with demand differentiation. The popularity of advanced
methods enables studies to focus more on quality rather than quantity
by using a high volume of objective data, leading to more diverse dis-
cussions and accurate explorations [79]. The use of machine learning
or deep learning methods to solve problems in healthcare domain has
generated substantial discussion in recent years, as introducing such ad-
vanced methods into the healthcare domain has enabled researchers use
big data to explore healthcare topics in interesting ways, such as ana-
lyzing the semantics in health text.

Also in recent years, Al has drawn great attention from researchers,
with top tier IS journals including MISQ and ISR publishing special issues
on Al topics [77,79]. Some studies have already discussed the potential
benefits of Al in medical detection [80], AI adoption and IT collabora-
tion [77]. In addition to Al other emerging technologies (e.g., IoT, vir-
tual technologies) have great potential to improve medical performance
but have received limited attention in research discussion [22]. There-
fore, potential research directions for future development include ex-
ploring how such advanced technologies could support chronic disease
management or member collaboration in intelligent health management
and exploring how virtual technologies can empower gamification de-
sign in health management.

Researchers in the field of medical informatics have primarily fo-
cused on predicting the risk of disease [75,76] or other variables associ-
ated with quality of care [81] by mining data from multiple sources and
improving models and algorithms [75,76,82]. Consequently, these stud-
ies tend to focus exclusively on the methods and techniques themselves,
while neglecting to consider the impacts on human beings. Particularly
in the context of Al, the human in the loop is an important research topic.
Nevertheless, the medical field differs significantly from other fields in
that individual involvement and heterogeneity are even more impor-
tant. Accordingly, future research should consider user studies both in
the field of medical informatics and in the field of information systems.

Medical informatics literature, due to its own medical characteris-
tics, is more specific when it comes to the types of research context than
IS literature. The characteristics of the context are often overlooked by
scholars in IS research, especially in the e-health direction, where schol-
ars face the dilemma of how to distinguish the medical health field from
other context. Medical informatics literature provides an insight into the
unique challenges of researching medical context. It acknowledges the
complexity of these context and the need to consider the specific medi-
cal characteristics of the research context. This insight can be extremely
beneficial for IS researchers, as it helps them to better understand the
differences between medical and non-medical context. Therefore, the
medical informatics literature can serve as a source of information for
IS e-health research.

5.2. Value creation from intensive exchange among multi-users in medical
services

The benefits of increasing use of HIT have been widely identified in
previous studies and proven in various cultures to enhance efficiency,
reduce errors, improve patient safety, and generally augment quality of
care [4,5]. Motivated by this, many countries have boosted their invest-
ments in advanced health technologies, mostly by focusing on the expan-
sion of HIS and online platforms (e.g., online health communities, health
apps). With the introduction of these platforms into a complex, plural-
istic sector like healthcare, the practices, roles, interdependencies, and
communication mechanisms of stakeholders across a range of sectors
are being transformed [83]. Hansen and Baroody [83] proposed four
roles for stakeholders in clinical environments including medical profes-
sionalism, private sector managerialism, regulatory oversight, and technical
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design. Based on their explorations and prior studies in the intelligent
health literature, we add two roles relying on the whole health man-
agement process, demand side and healthcare supporters. Specifically, in
the traditional medical service process, patients passively receive help
from caregivers; however, in intelligent health, patients are enabled to
actively participate in their health management process through activ-
ities such as information seeking and exchange in online environments
or self-management behaviors (e.g., diet, exercise). More importantly,
online platforms have established relationships among peer patients and
other roles, and such social relationships offer a channel for experience
and emotional communication that promotes positive health outcomes
using a psychological approach. Accordingly, future studies could in-
volve more stakeholders in such exploration, which could establish the
foundation for a more holistic understanding of value creation within
the healthcare ecosystem [84]. Table 1 summarizes the stakeholders in-
vestigated in previous literature.

5.3. Transformation of management paradigm of intelligent health services

Intelligent health management is facing a transformation from dis-
ease treatment to preventive care, which is especially important given
the worldwide rise in prevalence of chronic diseases and public emer-
gencies and in deaths from them [22]. Based on a WHO report’, pre-
ventive care encompasses two concepts, disease prevention and health
promotion. The former refers to action and early detection steps to pre-
vent the onset of a disease and maximize health outcomes. The latter is
about empowering people to increase control of their health and its de-
terminants through health literacy initiatives and multisectoral policies
to promote healthy behavior.

Based on this definition, we identify the key question as how to pre-
dict the risk factors related to diseases or health problems (e.g., tobacco
use, obesity, diet and physical inactivity, mental health, injury preven-
tion, drug abuse control, alcohol control, health behavior related to HIV,
and sexual health). Therefore, in comparison with the treatment ser-
vices that have been the focus of most previous studies, the study of
preventive care requires long-term, continuous and fine-grained data
for predicting risk factors, such as monitoring data on people’s regular
and frequent activities of daily living [90].

Through this literature review, we find that researchers are gradu-
ally transferring their focus from investigating the value of intelligent
technologies in medical service processes (e.g., hospitals, telemedicine)
[60,61,85] to intelligent health management (e.g., online health consul-
tations, intelligent self-management) [52] and preventive care using in-
telligent technologies (e.g., risk prediction) [26]. This trend also proves
that intelligent technology has the power to improve health outcomes
by identifying the risk factors that precede diseases, by promoting posi-
tive behaviors for routine health management (e.g., exercise for obesity,
diet, and physical inactivity) and by facilitating chronic disease man-
agement (e.g., exercise to mitigate complications of diabetes). Similar
trends could also be found in medical informatics literature that stud-
ies focused more on predicting the health risk rather than disease risk
[75]. For instance, Aral and Nicolaides [91] tested the social influence
of exercise behavior within a social network, proving the casual impact
of social relationships in motivating people to maintain healthy routine
behaviors. Another research trend is risk prediction through big data
and advanced methods. For instance, Zhu et al. [90] proposed a novel
deep transfer learning framework for identifying performed activities
of daily life using object motion sensors, and employing sensor-based
home monitoring systems within this framework could provide afford-
able, predictive, preventive, and personalized care to ensure a healthy
life for senior citizens [22]. Therefore, future research can consider this
shift in the intelligent health management paradigm by focusing on how

7 http://www.emro.who.int/about-who/public-health-functions/health-promotion-
disease-prevention.html.
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Table 1
Stakeholders in a healthcare system.
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Stakeholders

Research topics or influencing mechanism Ref.

Medical professionalism Health service providers

Private sector managerialism/
Regulatory oversight

Insurance providers

Hospital administrators

Private practitioners

Regulators

Auditors

< HIT adoption; HIT impacts on medical performance
and patient outcomes; providing professional support
(e.g., knowledge sharing, suggestions)

[45-48,85-87]

Technical designers

Demand side

HIT managers
Vendors

Patients

Healthcare supporters Individuals in social network (e.g.,

family, friends, peer patients)

« The impact of IT on Malpractice Insurance Premium [88]

< HIT investment, deployment strategies [58-62]

« HIT adoption; HIT impacts on medical performance [89]
and patient outcomes

< Information security; information infrastructure; [16,35]
policy intervention

« The impacts of auditing policies [28]

< HIT can improve medical care

< Information integration improves health outcomes

« HIT adoption; how HIT (e.g., use or design) improves [49,50]
self-management (e.g., health literacy, health
consciousness, health awareness)

< Providing emotional support or health experience for [15,53,54]

patients to increase their psychological status or
health outcomes

Intelligent technologies
HIS Tele-medicine Social network Mobile
Techonologies Al...
X

Multi-users
Professionals Private Technical Supports...

X

Health management paradigm
Passive->Active

Information management

Empowerment from the high computing power of the advanced
technologies
* Using advanced methods to improve the analytic model
* Addressing research questions based on new phenomena
generated by applying emerging technologies in healthcare
domain

Service management

Value creation from intensive exchange among multi-users in
medical services

* Social exchange among multi-users and their impacts

* Information exchange mechanism among multi-users

* The role of support in health management

Societal impact

Transformation of management paradigm of intelligent health
service
* The infrastructure of health information exchange
* The policy intervention impacts on health performance
» The technical design for health promoting using various
technologies

Fig. 5. Review results and future research suggestions.

disease prevention and health promotion can be achieved through in-

telligent health technologies.
Future directions have been shown in Fig. 5.

5.4. Implications for practice

The proposed intelligent health-based ternary interaction model
can prompt healthcare innovation and provide various practi-
cal implications for coping with public health management issues
worldwide.
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Regarding healthcare innovation, the intelligent health services that
are emerging from intelligent health technologies could help build a
sustainable framework of public health management methods serving
people in multiple scenarios (i.e., family, community and hospitals) and
throughout their lives. As Fig. 6 presents, in this framework, practi-
tioners can achieve healthcare model innovation, develop personalized
health management, and create precise strategies to prevent and control
epidemics (e.g., COVID-19). In this process, IT companies and suppliers
can provide technical support, and the government serves as a regula-
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Fig. 6. Intelligent health services in practice.

tor, ensuring the technologies and services meet certain standards and
facilitating fair transactions among all participants.

People could then access innovative services that improve their well-
being, and these emerging services would also empower the health-
care system. Therefore, practically, our theoretical model for intelligent
health services has great potential to address many public health man-
agement issues and can provide rich implications for healthcare policy-
making.

5.4.1. Health management with multi-party active engagement

Intelligent health services can facilitate multiple parties (e.g., physi-
cians and patients) engaging in health management as well as the estab-
lishment of a continuous health management service model covering
multiple scenarios in families, communities, and medical institutions.
For instance, by establishing an “Intelligent Health + Group Interven-
tion” model, which would facilitate the chronic disease management
through online and offline group interventions, group activities, and
group incentives, healthcare providers could reduce their costs and im-
prove healthcare productivity. More importantly, this model could in-
crease the popularity of health management as well as improve chronic
disease patients’ compliance.

5.4.2. Advanced health service with high performance

Intelligent health services can be, compared to traditional health-
care, more personalized and make deeper use of multi-source health big
data; thus, the utilization rate of intelligent health services as well as
their performance can be greatly increased. As intelligent health tech-
nologies can be precise, anthropomorphic and proactive, healthcare
providers (e.g., platforms) can develop and design emerging services
that are more useful for elderly and chronic disease patients by harness-
ing these advantages to analyze health big data. For example, platforms
can provide people with precise exercise and diet recommendations by
using health big data algorithms and models, which can be more per-
suasive; public health administrations can provide people with chronic
disease screening drawing on more accurate algorithms and models; and
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the medical system can optimize the allocation of nursing resources and
provide chronic disease patients with personalized home care.

5.4.3. Robust health monitoring networks for public emergencies

Intelligent health technologies/services can help public health sys-
tems better prevent and control public emergencies (e.g., COVID-19)
by establishing a robust health monitoring network. Using intelligent
health technologies, medical systems can develop comprehensive elec-
tronic health record databases that incorporate residents’ physiologi-
cal data, pathological data, medical data, healthcare data, examination
data, and genome data, and by combining the database and the trajec-
tory information for a susceptible population, a public health system
can achieve normalized and precise epidemic prevention and control.
For instance, China has effectively prevented the spread of disease dur-
ing outbreaks of COVID-19 by examining a resident’s health code and
itinerary code, providing a successful example for countries worldwide
struggling with COVID-19.

5.4.4. Implications for health policymaking

To further increase the sharing, inclusiveness and equity of intelli-
gent health services, governments and health authorities should take ini-
tiative to implement policies that can support and regulate the develop-
ment of the intelligent health industry. For instance, to promote health
data sharing, a nation’s government and health authority can improve
the construction of intelligent health infrastructure and implement poli-
cies that encourage the interconnection of information systems. To fur-
ther ensure the quality of intelligent health, the health authority and
related institutions should advance the standardization and precision of
intelligent health technologies/services, especially in the fields of pri-
mary care, chronic disease management, and health big data, which
are particularly important for ensuring patients’ safety and the sustain-
able development of intelligent health. Moreover, given that intelligent
health is a promising industry, policies can be made to reallocate social
resources for promoting it. Specifically, to facilitate the platformization,
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generalization and industrialization of intelligent health, governments
can make more policies to introduce or train talent in the intelligent
health industry, encourage investment in it, and implement policies like
government procurement, tax reduction and exemption.

6. Conclusion

This study presents the development process of intelligent health
technology through a review analysis of e-health research in the IS
field. It assesses the main lines of existing literature and proposes possi-
ble directions for future e-health research in the IS field in conjunction
with the development of intelligent technology. This study will help re-
searchers to quickly understand the status of research in the e-health
field while allowing for more in-depth consideration of future research.
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