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ABSTRACT

Objectives The growth and development of smartphones
and eHealth technologies have enabled the potential for
extended care hospitals (e-hospitals) in China in order to
facilitate the success of a primary healthcare centre (PHC)-
based integrated delivery model. Although the adoption
of e-hospitals is essential, few studies have directed
their research towards understanding the perspectives
of healthcare providers. This study aims to identify the
current readiness of healthcare providers to adopt e-
hospital technologies, determine the factors influencing
this adoption and describe the perceived facilitators and
barriers in regard to working at e-hospitals.

Design A cross-sectional study conducted in Sichuan,
China, between June and September 2019.

Settings Information was collected from healthcare
providers who have more than 3 years of work experience
from a tertiary hospital, secondary hospital, PHCs and
private hospital.

Participants 2298 medical professionals were included
in this study.

Outcome measure This study included a self-
administered questionnaire that was used to assess
participants’ sociodemographic characteristics, online
medical practices, willingness to use e-hospitals and
perceived facilitators/barriers to working at e-hospitals.
Multivariate regression analysis was performed in order
to evaluate the independent factors associated with e-
hospital work.

Results Overall, 86.3% had a positive response towards
working at e-hospitals. Age (p<0.05), familiarity with
e-hospitals (p<0.001) and prior work practices in online
healthcare settings (p<0.001) were associated with
participants’ readiness to work at e-hospitals. Gender,
education level, professional level, the tier of their affiliated
hospital and workload were not statistically associated.
Healthcare providers who had positive attitudes towards e-
hospitals considered improved efficiency, patient satisfaction,
communication among physicians, increased reputation
and income, and alleviated workload to be advantages of
adoption. The participants who were unwilling to work at
e-hospitals perceived lack of time, insufficient authenticity/
reliability and underdeveloped policies as potential barriers.
Conclusion Improving operative proficiency in electronic
devices, accommodating to work schedules, increasing
familiarity with e-hospitals and regulating practices will
improve the readiness of healthcare providers to work at
e-hospitals.

° Elizabeth Mason,® Zhi Zeng,’
8910 Mohammad S Jalali @ &'

Strengths and limitations of this study

» The current study investigated the healthcare pro-
viders’ readiness towards e-hospitals and aim
to provide a holistic and more complete view for
Chinese policymakers/e-hospital developers.

» This study is the first to investigate the factors im-
pacting the adoption of e-hospitals at this scale with
respondents from various hospital levels. It provides
useful implications for recognising healthcare pro-
viders’ perceived facilitators and barriers to the use
of e-hospitals and can lay the groundwork for the
future conceptualisations of digital health in China.

» Even though this study covered various hospital lev-
els in the Sichuan province, the results may not be
generalised to other regions with different health-
care providers and characteristics.

» Also, since this is a cross-sectional study conduct-
ed before COVID-19, changes over time in attitudes
towards e-hospitals due to rapid social development
and population ageing were not captured.

INTRODUCTION

Since 2014, the Chinese government has
suggested that the most costeffective
approach for healthcare delivery should
focus on primary healthcare, with coor-
dination between secondary and tertiary
health institutions ." In principle, individuals
should start treatment at primary healthcare
centres (PHCGCs), which focus on population-
based prevention, case detection and disease
management. Individuals should only
proceed to secondary hospitals if the PHC
is unable to cure and/or resolve the health
issues.” It has been proposed that tertiary
hospitals should focus primarily on solving
complicated diseases, and exclusively treat
patients unable to be cured by other institu-
tions.” The primary care integrated delivery
model would allow people to receive conve-
nient care from nearby health providers.
It would also help the Chinese healthcare
system to meet emerging health needs and
rising patient expectations that are caused by
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the rapidly ageing population and the increase in inci-
dence of non-communicable diseases.

However, the inequitable distribution of health-
care providers has proven to be a major barrier to the
adoption of this delivery approach.* The vast majority
of highly educated physicians and nurses are drawn to
work at tertiary public hospitals due to their high salaries
and prestigious reputations, while other medical profes-
sionals with fewer qualifications tend to fill positions
at secondary hospitals and PHCs.” Compounded with
healthcare providers’ unwillingness to relocate to PHCs
and secondary hospitals, these tendencies have led to
dominant patient preference for tertiary hospitals.’

As a priority eHealth project, e-hospitals were proposed
by the National Health Commission of China as an
innovative approach that harnessed online technolo-
gies to facilitate the exchange of health information for
healthcare service delivery in 2015. E-hospitals, also
known as extended care hospitals, are defined as an
internet hospital which take the form of a smartphone
app or website, and deliver outpatient service through
an instant chatting platform.”® Two-way information can
be delivered simultaneously in real time by videocon-
ference, image or through a messaging platform. Thus,
patients can stay at home or go to a medical institution
near their home and meet through the e-hospital with a
doctor who is based in a top-tier hospital. E-hospitals have
the potential to improve access to high-quality health
services as well as effectively reduce professional isola-
tion and improve providers’ performance in resource-
constrained environments. By providing opportunities
for online health education, medical services, follow-ups
and disease management, e-hospitals allow the delivery of
high-quality services regardless of geographic, temporal,
social, cultural and/or political barriers.” " In some ways,
e-hospitals can serve as an alternative to traditional phys-
ical hospitals. On the other hand, e-hospitals can supple-
ment traditional hospitals and integrate into the ongoing
healthcare reform so that universal healthcare coverage
can become more achievable.'!

The predicted benefits of e-hospitals carry great
promise for the implementation of a primary care-
centred healthcare system in China. This technology
empowers healthcare administrators to find solutions to
issues related to the shortage of qualified doctors, espe-
cially in rural regions. It improves access to healthcare
professionals, reducing referrals and minimising travel
costs for patients.'” E-hospitals also provide essential assis-
tance in the management of communicable diseases. For
example, during crises such as the COVID-19 pandemic
where demand for healthcare services grossly exceeds the
capacity of hospital systems, e-hospitals could lessen the
burden on physicians/hospitals as well as maximise the
number of individuals given care and overall improve
health outcomes."”” This could allow physicians to virtu-
ally instruct assessment and care for patients with milder
cases who would have otherwise further crowded hospi-
tals or suffered at home due to inadequate information

about self-care. Furthermore, e-hospitals would allow
patients with pre-existing non-related conditions to
continue their care and/or rehabilitation from home
with physician assistance while decreasing person-to-
person contact. Visiting a physical hospital would further
strain the resources/capacity and risk contracting infec-
tion from persons receiving treatment. E-hospitals would
benefit those directly receiving online services and greatly
improve the quality of care for patients in hospitals with
critical conditions. These patients would be afforded
more resources and physician attention due to the lesser
crowding of facilities."*

China has 989 million internet users, with an internet
penetration rate of 64.5%, according to the China Internet
Network Information Center.'” Ping An Good Doctor, one
of the representative internet hospitals, had 300 million
registered patient users as of October 2019, equivalent to
one in every three Chinese netizens having using it, and
the number of visitors exceeded 1.11 billion from April
2020 during the COVID-19 pandemic.'® Despite China’s
political commitment, significant financial investment in
the technology and patients’ demand, e-hospitals have
not yet been fully adopted into the Chinese healthcare
system. This is partly because the success of this health-
care innovation is dependent on the full adoption of
e-hospitals by patients and acceptance by healthcare
providers.”™ The eHealth readiness, which has been
positively associated with acceptance, is defined as the
degree to which both healthcare providers and patients
are prepared to engage with eHealth projects.”” While
previous studies have assessed patient attitudes towards
e-hospitals and theorised appropriate policy responses,
few provide information about the concerns of health-
care providers. Studies have confirmed that eHealth
readiness among doctors, nurses and allied healthcare
professionals varies depending on their degree of expo-
sure to online healthcare delivery methods.”' Unlike the
private sector-dominated healthcare system in the USA,
private hospitals in China are only intended to be supple-
ments to public hospitals.”® * Therefore, public hospi-
tals are able to hire more highly skilled physicians and
provide quality services. In 2001, China’s central govern-
ment began to encourage the proliferation of private
hospitals in an attempt to decentralise the role of tertiary
public hospitals, which became increasingly possible as
eHealth innovations continued to emerge.** As a result,
private hospitals now exist in addition to the three-tiered
e-hospital system (PHCs, secondary and tertiary public
hospitals). Thus, the readiness of healthcare providers
from different medical institutions must be considered in
the design of e-hospitals, and the factors that facilitate or
hinder their adoption should be closely analysed.

The main objective of this study is to assess the factors
influencing the providers’ preparation to successfully
take on e-hospitals. It also describes the factors that
contribute to their acceptance or rejection of the tech-
nology in order to inform the integration of e-hospitals
into the primary healthcare-centred delivery model.
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METHODS

Study design

Considering that cross-hospital care is one of the key
benefits of e-hospitals, it was essential that providers
from both private and public hospitals of all tiers were
surveyed. Further, the Sichuan province located in West
China, with a population of roughly 83.4 million people,
was chosen for this investigation because it has more
PHCs than any other province in China.” Accordingly,
we surveyed the following four medical institutions: West
China Hospital of Sichuan University (tertiary hospital),
First People’s Hospital of Longquan District (secondary
hospital), Community Health Centers of Chenghua
District (PHCs) and Aidi Hospital (private hospital). This
cross-sectional, questionnaire-based study was conducted
between June and September 2019. Multistage conve-
nience cluster sampling was conducted to make the
sample representative.

Questionnaire

For the initial development of the questionnaire, we
performed focus group interviews with 30 stakeholders,
including healthcare providers, hospital administra-
tors, information technicians and staff from the health
insurance bureau, ministry of health and technical
corporations. Based on the results and literature review,
the preliminary questionnaire touched on a number
of factors impacting the use of eHealth applications by
providers as identified in the previous literature. Subse-
quently, the draft of the questionnaire was evaluated by
a panel of five experts that included a medical doctor,
statistician, nurse, healthcare policy researcher and
e-hospital administrator to validate its contents with
the intended constructs and theories. Content validity
of the questionnaire was conducted with the item-level
content validity index (CVI) which measured on a 4-point
Likert scale, including different parameters such as rele-
vance, clarity, simplicity and ambiguity.”® An item with
CVI>0.8 was retained, and context-specific adjustments
were made according to the feedback acquired from the
expert panel. A pilot survey was then performed with
25 healthcare providers to evaluate the questionnaire,
which mainly improved the interpretability of the ques-
tionnaire. Finally, a revised version of the questionnaire
was produced for use in this research—see online supple-
mental multimedia appendix.

The questionnaire consisted of four sections, designed
based on the transactional model of eHealth literacy,?’
and 14 closed-ended questions that aimed to collect
the user-oriented factor information from participants.
The first section included questions relating to personal
determinants of e-hospital readiness, such as partici-
pants’ sociodemographic characteristics, which included
gender, age, education level, department, years of prac-
tice, professional level, hospital type and length of time
working. The second part of the questionnaire measured
the technological user-oriented factor by measuring the
respondents’ experience and satisfaction with previous

online medical services, based on a 5-point Likert scale.
Part 3 assessed the familiarity with e-hospitals using a
5-point Likert scale and assessed the willingness to work at
e-hospitals using binary answer choices, corresponding to
the pre-existing knowledge. In the final section, respon-
dents who reported willingness to use e-hospitals were
asked their ‘perceived facilitators’, while the others were
asked their ‘perceived barriers’, aiming to measure the
rational support.

As for the validity and reliability of the questionnaire,
we supplement the analyses that rely on the results of the
survey as follows: Cronbach’s o coefficient was employed
to access the reliability of the test, and exploratory factor
analysis was used to assess the structural validity.”®* The
overall Cronbach’s a value for our scale was 0.76. The
Kaiser-Meyer-Olkin measure of sampling adequacy was
0.76 and the significance of Bartlett’s test of sphericity
was less than 0.001. By factor analysis, the cumulative
contribution rate of the five factors with characteristic
root greater than 1 was 48.3. These results provide good
reliability and validity of the survey.

Participant selection, consent and data collection

The questionnaire was published and shared through the
hospitals’ WeChat contacts using the web-based survey
tool Sojump (Changsha Ran Xing InfoTech, China).
Directors of the participating institutions were notified
about the study via a memorandum drafted and signed
by PYL. Once approval was obtained, the link to the
survey was shared through the corresponding hospitals’
WeChat contacts network which only gathered hospital
directors and healthcare providers. Given all physicians
in the WeChat contacts network were formal employees
and thus had at least 3 years of residency training, all were
eligible to participate in this study. Prior to participation,
the purpose of the survey was introduced, the concept
of e-hospitals was explained via a short text and the
consent of participants was obtained through the WeChat
network. Questionnaires were individually completed by
the healthcare providers only once, since Sojump auto-
matically checked that each participant’s IP address only
submitted one survey response. All centres received one
reminder a week after the questionnaires were distrib-
uted. No compensation was provided to participation in
the study.

Data analysis

Descriptive statistics were calculated for all survey items.
Percentages and frequencies were evaluated for cate-
gorical variables, and mean values with SDs were calcu-
lated for continuous variables. For univariate analyses,
a XQ test was used for categorical variables, a t-test was
used for continuous variables and a Kruskal-Wallis test
was conducted to analyse the ordinal variables. Multiple
significance tests were also used to examine whether there
were existing differences among hospital tiers. However,
years of experience were excluded from these analyses
due to its multicollinearity with age.
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A x* test was performed to examine the association
between willingness to use e-hospitals and other vari-
ables. Variables in the descriptive analysis were included
in the multivariate regression model. Degree of knowl-
edge about e-hospitals was enrolled as a continuous
variable because it resulted in findings that did not
significantly differ from those found when categorising
the variable as ordinal (x*=4.1, p>0.05). Additionally, a
test was employed to analyse hospital-related variations
in perceived facilitators and barriers. SPSS (IBM SPSS,
V.25, IBM) was used to perform the analysis. Two-tailed p
values <0.05 were considered statistically significant.

Patient and public involvement

No patient or public involvement took place in the design
or conduct of this study. We involved healthcare providers,
hospital administrators, experts in e-hospital systems, the
ministry of health, public health researchers from various

global settings in the design of this study and the survey
tool. We intend to disseminate the main results to several
stakeholders and health professionals globally by social
media and personal contacts, including the participants
of the study.

RESULTS

Baseline characteristics of study participants

Table 1 presents the baseline characteristics across the
four hospitals. Overall, this study included 2298 partici-
pants with 379 being from the primary care centre, 552
from the secondary public hospital, 834 from the tertiary
public hospital and 533 from the private hospital.

Several differences in the surveyed characteristics
existed across the four hospitals. Participants in the
secondary public hospital appeared to be older than
those in the other three hospitals. Specifically, 20.8% of

Table 1 Sociodemographic data of the healthcare providers included in the study
Level of hospital
Primary healthcare Secondary public Tertiary public Private

Characteristics Total centre hospital hospital hospital P value

Sample size, n 2298 379 552 834 533

Age, n (%) <0.001t
18-29 852 (37.1) 114 (30.1) 182 (33.0) 292 (35.1) 264 (49.5)

30-39 1053 (45.8) 202 (53.3) 255 (46.2) 413 (49.5) 183 (34.4)
40-49 264 (11.5) 41 (10.8) 79 (14.3) 87 (10.4) 57 (10.7)
>50 129 (5.6) 22 (5.8) 36 (6.5) 42 (5.0) 29 (5.4)

Gender, n (%) <.001*
Male 355 (15.4) 35(9.2) 118 (21.4) 109 (13.1) 93 (17.4)

Female 1943 (84.6) 344 (90.8) 434 (78.6) 725 (86.9) 440 (82.6)

Education level, n (%) <0.001t
Junior college 88 (3.8) 32 (8.4) 7(1.3) 18 (2.1) 31 (5.8)
College/bachelor’s degree 2057 (89.5) 343 (90.5) 485 (87.8) 752 (90.2) 477 (89.5)

Master’s degree or above 153 (6.7) 4(1.1) 60 (10.9) 64 (7.7) 25 (4.7)

Professional title, n (%) <0.001t
Junior 1366 (59.5) 275 (72.6) 296 (53.6) 478 (57.3) 317 (59.5)
Intermediate 711 (30.9) 91 (24.0) 185 (33.5) 273 (32.7) 162 (30.4)

Senior 221 (9.6) 13 (3.4) 71 (12.9) 83 (10.0) 54 (10.1)

Specialty, n (%) <.001*
Nurse 1409 (61.3) 145 (38.3) 292 (52.9) 703 (84.3) 269 (50.5)

Doctor 889 (38.7) 234 (61.7) 260 (47.1) 131 (15.7) 264 (49.5)

Years in practice, n (%) <0.001t
0-9 1200 (52.2) 183 (48.3) 277 (50.2) 395 (47.3) 345 (64.7)

10-19 773 (33.7) 141 (37.2) 183 (33.2) 327 (39.3) 122 (22.9)
>20 325 (14.1) 55 (14.5) 92 (16.6) 112 (13.4) 66 (12.4)

Hours worked per week, n (%) <.001*
<40 1216 (52.9) 305 (80.5) 203 (36.7) 565 (67.7) 143 (26.8)
>40 1082 (47.1) 74 (19.5) 349 (63.3) 269 (32.3) 390 (73.2)

“X? test.

tKruskal-Wallis test.
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participants in the secondary public hospital were over
the age of 40. This was only true for 16.1% of participants
in the private hospital, 15.4% in the tertiary hospital
and 16.6% in the primary care centre (p<0.001). While
the vast majority of our participants had bachelorlevel
education or above (96.2%), the primary care centre
(8.4%) and private hospital (5.8%) had higher propor-
tions of providers who did not have a bachelor’s degree
(p<0.001). The hierarchy in these organisations includes
juniors, intermediates and seniors; higher titles have
more experience, skill and academic achievement and
certifications.” *' The primary care centre had a lowest
percentage of senior providers (3.4%) compared with
others (p<0.001).

Interestingly, we found that the percentage of nurses
in the tertiary public hospital (84.3%) was significantly
higher than that of the other three hospitals (p<0.001).
We also found that 64.7% of participants at the private
hospital had been practising for less than 10 years, which
was significantly higher than those (p<0.001). Lastly,
47.1% of our participants worked over 40 hours/week,
with this being highest for the private hospital (73.4%),
and lower for the primary care centre (19.5%), tertiary

hospital (32.0%) and secondary public hospital (63.3%)
(p<0.001).

Variations in knowledge, usage and satisfaction of e-hospitals
Table 2 presents the results regarding participants’ famil-
iarity with e-hospital, usage and satisfaction with previous
online medical service technologies. Participants in the
tertiary public hospitals appeared to have a better famil-
iarity of e-hospitals, given that the highest proportion of
participants reported being very familiar with e-hospitals
(13.7%, p<0.001). Overall, 59.6% of healthcare providers
stated that they have a work history of online medical
practices, while it is more commonplace for healthcare
providers in tertiary hospitals (p<0.001). Moreover,
75.0% of current users reported that they were satisfied
with their previous online medical practices.

Variations in willingness to work at e-hospitals

Table 3 shows the results from the descriptive analyses.
Among the 2298 participants, 314 individuals (13.7%)
reported that they were not willing to work at an e-hos-
pital. Younger participants were found to be more
willing to work at e-hospitals relative to older participants

Table 2 Present usage and satisfaction of online medical practices among healthcare providers

Level of working hospital

Primary healthcare Secondary public Tertiary public Private
Characteristics Total centre hospital hospital hospital P value
Sample size, n 2298 379 552 834 65388
Degree of familiarity towards e- <0.001t
hospitals, n (%)
Very familiar with 212 (9.2) 25 (6.6) 54 (9.8) 114 (13.7) 19 (3.6)
Know a better bit 499 (21.7) 76 (20.1) 116 (21.0) 242 (29.0) 65 (12.2)
Know a good bit 962 (41.9) 149 (39.3) 248 (44.9) 349 (41.8) 216 (40.5)
Only heard of 568 (24.7) 115 (30.3) 129 (23.4) 123 (14.7) 201 (37.7)
Never heard of 57 (2.5) 14 (3.7) 5(0.9) 6 (0.8) 32 (6.0)
Sample size—online medical users 1369 195 338 617 219 <0.001*
Category of the online medical practices, n (%)%
Online consultation 693 (50.6) 71 (36.4) 135 (40.0) 363 (58.8) 127 (58.0) <0.001*
E-prescription 650 (47.5) 77 (39.4) 163 (48.2) 318 (51.5) 92 (44.3) 0.008*
Remote round/teaching 603 (44.0) 13 (6.7) 242 (7.16) 307 (49.8) 41 (18.7) <.001*
Interpreting test reports 530 (38.7) 30 (15.4) 156 (46.2) 273 (44.2) 71 (32.4) <.001*
Online follow-up and rehabilitation 558 (40.8) 43 (22.1) 131 (38.8) 296 (48.0) 88 (40.2) <.001*
guidance
Managing chronic diseases 541 (39.5) 129 (66.2) 114 (33.7) 249 (40.4) 49 (22.4) <.001*
Degree of satisfaction of the online medical practices, n (%) <0.0011
Extremely satisfied 399 (29.2) 44 (22.6) 80 (23.7) 228 (37.0) 47 (21.4)
Satisfied 627 (45.8) 85 (43.6) 173 (561.2) 277 (44.8) 92 (42.1)
Neutral 321 (23.4) 60 (30.8) 78 (23.1) 104 (16.9) 79 (36.1)
Dissatisfied 16 (1.2) 5(2.5) 5(1.5) 5(0.8) 1(0.4)
Extremely dissatisfied 6 (0.4) 1(0.5) 2 (0.5) 3(0.5) 0(0.0)
*X? test.
tKruskal-Wallis test.
FThere are overlaps among the responses to these categories.
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Willingness to work at e-hospitals X2test

Characteristics Total No Yes P value

Age, n (%) <.001*

30-39 1053 (45.8) 139 (13.2) 914 (86.8)

50 129 (5.6) 34 (26.4) 95 (73.6)

Male 355 (15.4) 71 (20.0) 284 (80.0)

Education level, n (%) 0.091*

College/bachelor’s degree 2057 (89.5) 271 (13.2) 1786 (86.8)

Professional level, n (%) 0.034*

Intermediate 711 (31.0) 106 (14.9) 605 (85.1)

Specialty, n (%) <0.001

Doctor 889 (38.7) 213 (24.0) 676 (76.0)

0-9 1199 (52.2) 160 (13.3) 1039 (86.7)

220 325 (14.1) 67 (20.6) 258 (79.4)

<40 1219 (53.0) 137 (11.2) 1082 (88.8)

Level of hospitals, n (%) <.001*

Secondary public hospital 552 (24.0) 77 (13.9) 475 (86.1)

Private hospital 533 (23.2) 101 (18.9) 432 (81.1)

Very familiar with 212 (9.2) 5 (2.4) 207 (97.6)

Know a good bit 962 (41.9) 97 (10.1) 865 (89.9)

Never heard of 57 (2.5) 25 (43.9) 32 (56.1)

Yes 1369 (59.6) 70 (5.1) 1299 (94.9)

*Kruskal-Wallis test.

(p<0.001). Female participants (87.5%) were more willing  intermediate (85.1%), and then senior participants
to work at an e-hospital when compared with male partic- (81.9%) (p<0.001).

ipants (80.0%) (p<0.001). Junior participants (87.7%) Compared with physicians (76.0%), nurses (92.8%)
were most willing to work at an e-hospital, followed by = were more willing to work at an e-hospital (p<0.001).

(=]
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|I

[72]
m

Independent variables Coefficient OR (95% CI) df P value

Secondary public hospital Ref Ref

Tertiary public hospital 0.248 1.282 (0.841 to 1.954) 0.215 1 0.248

Age 3 0.006

30-39 -0.411 0.663 (0.445 to 0.988) 0.204 1 0.043

>50 -1.626 0.197 (0.078 to 0.498) 0.474 1 <0.001

Female Ref Ref

Education level 2 0.791

College/bachelor’s degree -0.232 0.793 (0.393 to 1.598) 0.358 1 0.516

Professional level 2 0.704

Intermediate 0.105 1.111 (0.765 to 1.613) 0.190 1 0.579

Specialty

-0.864 0.167

-

Doctor 0.421 (0.304 to 0.584) <0.001

0-9 Ref Ref

>20 0.270 1.310 (0.639 to 2.685) 0.366

-

0.461

<40 Ref Ref

0.810 0.096

-

Degree of familiarity towards e-hospitals 2.247 (1.861 t0 2.712) <0.001

No Ref Ref

-2InL=1425.986; Hosmer and Lemeshow test: x2=5.043, p=0.753.

Participants with 10-19 years of experience (88.7%)
appeared to be most willing to work at an e-hospital
(p<0.001). Unsurprisingly, the proportion of providers
currently working over 40 hours/week who were willing
to work at an e-hospital (83.6%) was lower than those
who worked less than 40 hours/week (88.7%) (p<0.001).
Moreover, participants who were more familiar with e-hos-
pitals were more likely to report that they were willing
to work for one (p<0.001). Results also indicated that
individuals with previous online medical practices were
more willing to conduct their work in e-hospital platforms
(p<0.001).

Table 4 presents the results of multivariate analysis,
showing that the level of affiliated hospitals, education,
professional level and working hours/week were not
statistically associated with the willingness to work at e-hos-
pitals after adjusting for other covariates in the model.
Results further suggested that compared with those
18-29 years of age, individuals aged 30-39.9 (OR=0.663,
p=0.043) and 40-49.9 (OR=0.409, p=0.014), and over 50
(OR=0.197, p<0.001) were less willing to work at e-hos-
pitals. Nurses were found to be more willing to work at
e-hospitals relative to physicians (nurses vs physicians,
OR=0.421, p<0.001). Also, participants with a better
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familiarity with e-hospitals were more willing to work at
e-hospitals (OR=2.247, p<0.001). In addition, clinicians
with online working practices had a higher likelihood
of being willing to work at e-hospitals compared with
those without an online working background (OR=3.205,
p<0.001).

Variations in perceived facilitators and barriers
Among the 1984 participants who were willing to work at
e-hospitals, over 90% perceived that it could improve the
convenience and efficiency of healthcare. Participants
from tertiary public hospitals (94.6%) appeared to be
more concerned with improving convenience and effi-
ciency relative to those from other hospitals (p<0.001).
A statistically higher proportion of participants from the
tertiary public hospital considered e-hospitals to be a
potential tool for alleviating workload (66.8%, p<0.001)
and improving patient satisfaction (72.8%, p<0.001).
Similarly, a significantly higher proportion of participants
from private hospitals perceived it as a way for physi-
cians to communicate with and learn from one another
(41.9%, p<0.001). 19.6% of participants in the secondary
public hospital considered working at an e-hospital to be
a way to increase their income and reputation (p<0.001).
Several barriers were identified from the 314 partici-
pants who were unwilling to work at e-hospitals. Among
them, 18.5% reported that they were not willing to work
atan e-hospital because they were unable to operate smart
devices (this figure did not differ across the four hospi-
tals). In addition, 48.4% reported that they did not have
extra time to work at an e-hospital. The proportion of
participants from secondary hospitals that reported this
(67.5%) was statistically higher than those from tertiary
public hospitals (51.0%), primary care centres (36.5%)
and private hospitals (42.6%) (p<0.001). Furthermore,
43.6% of participants were not willing to work at an e-hos-
pital because they believed that the current licences for
multisited and medical disputes for e-hospitals are not
fully developed. 53.5% of participants reported that they
believed e-hospitals were not reliable and 18.2% said that
they were concerned that e-hospitals had not been well
received by the patients. No variations in the last three
barriers existed among participants across the four hospi-
tals. Figures 1 and 2 present the perceived facilitators
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Figure 2 Perceived barriers for non-workers (%).

for workers of e-hospitals and barriers for non-workers,
respectively.

DISCUSSION

Many contend that eHealth technologies hold promises
for enhanced efficiency and quality of healthcare.”** No
studies have been conducted to assess the attitudes of
healthcare providers towards e-hospitals or their respec-
tive facilitators/barriers towards its adoption in China.
This research attempts to address this informational gap
and provide insight for decision makers in China, espe-
cially since eHealth has been proposed as a part of anti-
COVID-19 strategy.

Research has shown that computer proficiency is posi-
tively associated with the acceptability of eHealth technol-
ogies.34 % However, in this study, one of the key results
found that it was the physicians’ age, not their informa-
tion technology (IT) skills, that affects their readiness for
the adoption of e-hospitals. Specifically, younger partici-
pants usually presented higher willingness towards e-hos-
pitals. One possibility is that the younger physicians are
generally equipped with higher computer proficiency
and more familiar with electronic health records (EHRs)
as well as healthcare information systems (HIS), which
enables them to be more open to e-hospitals. Alterna-
tively, given the early healthcare system was less informa-
tionised, older generation physicians at that time are less
likely to have received telehealth training during their
residency. Although the healthcare system has gradually
become more digitised in the last decades, nevertheless,
those older generation physicians also become seniors
over time, which were more likely to give verbal orders,
treatment plan and prescriptions, not work directly
with EHRs or the HIS, making them missing telehealth
training, lacking technological proﬁciency.36 Given that
patients often prefer treatment from senior physicians
when visiting e-hospitals, it is essential that the readiness
of senior providers is prioritised. Therefore, upguided
operational skills training, including e-hospital curricula,
is implemented and that postgraduate e-hospital accredi-
tation is mandated. Additionally, designing a user-friendly
app and providing 24-hour technical assistants may be
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also critical for facilitating the older physicians’ engage-
ment with e-hospitals in China.”

Considering that nurses are usually more focused on
direct, physical patient care, while physicians are more
involved in handling patients’ diagnoses, and treatments
and prescriptions, the priority of nurses in facilitating
e-hospital initiatives was presumed to be lower in compar-
ison to physicians. Although physicians are deemed the
most important for the adoption and implementation of
eHealth services,” we found that nurses were significantly
more willing to work in e-hospitals than the physicians.
The positive association between nurses and willingness
to work at e-hospitals may be attributed to the ability of
e-hospital visits to provide flexibility in healthcare loca-
tion, thus the patient would transfer from offline to
online, which might have been especially helpful for
significantly decreased physical labour for nurses attrib-
uting to decrease the number of offline visiting patients.
However, in this context, the workload for physicians may
increase since e-hospitals will allow for additional counsel-
ling patients, who previously had not been able to reach
the hospital, to receive care. Thus, in order to access the
potential advantages of e-hospitals, it may be necessary
for policymakers to prioritise the workload concerns of
physicians.” For example, to address these concerns,
government and hospital administrators could designate
specific times during the workday for virtual consulta-
tions. Additionally or alternatively, administrators could
also provide performance incentives for professionals
who elect to work at e-hospitals.*’

Our participants who had previous experience with
online medical practices reported being more willing
to work at e-hospitals, which is consistent with prior
research.! Thus, clinicians in locations where health-
care is less integrated with technology may be especially
unlikely to realise or recognise the advantages of e-hos-
pitals. However, our study was conducted in Western
China, where the economy is relatively underdeveloped
compared with Beijing and Shanghai, and only half of the
participants had experience with online medical practices
in this region. The lesser prevalence of IT trend in health-
care in Western China may be explained by the limited
financial support for establishment, management and
maintenance of current HIS.* Thus, it is important that
local decision makers give priority to allocating funding
for the development of HIS in order to further the prog-
ress of e-hospitals. Furthermore, hardware infrastructures
and internet access are necessary for e-hospitals to func-
tion; however, they may not be affordable for smaller
institutions such as PHC.*” * In our study, PHCs had
less online medical practices, which may be explained
by variation in the accessibility of infrastructure needed
to provide online care. Therefore, policymakers should
take corresponding strategic approaches to address this
concern, such as increasing funding for PHCs.

In our results, it was found that familiarity with e-hos-
pitals was one of the prerequisites for readiness to adopt
e-hospitals. To increase knowledge and awareness among

healthcare professionals, e-hospital training should
be an integral part of advanced education for hospital
employees. Furthermore, e-hospital curriculum for
undergraduates’ medical education should be estab-
lished to increase the familiarity among next generation
of medical providers.

In this study, improved efficiency, patient satisfaction,
communication among physicians, increased provider
reputation and income, and alleviated workload were
perceived by participants as key facilitators for e-hospital
work. Meanwhile, the top perceived barriers included:
difficulty of use, lack of extra time, dubious authenticity
and reliability, negative patient attitudes and underdevel-
oped policy. Specifically, our findings revealed that the
most common perceived facilitator for e-hospitals among
willing providers at tertiary hospitals was the alleviation of
workload. However, workload was also the most frequently
mentioned concern among unwilling providers. In light
of this, e-hospital and physical hospital administrators
should ensure that healthcare providers continue to have
reasonable working hours while balancing offline and
online workload. Furthermore, interviews with healthcare
providers and IT designers are necessary to effectively
identify and integrate clinical demands into user-friendly
e-hospital platforms. Furthermore, outpatient fees of
e-hospitals must be set to a price that is both affordable to
patients and enticing for physicians.

Concerns regarding the authenticity/reliability must
also be addressed so that e-hospitals can be successful
staples of the primary care-centred integrated delivery
model. Fear of inadequate data protection is a prominent
concern regarding the adoption of healthcare IT among
physicians. In addition to data security and privacy, the
service quality conducted by e-hospitals also worried physi-
cians. Though there are currently many e-hospital systems
within the Chinese healthcare market, none fulfil the
requirements for patient safety, nor are there any scien-
tific entities responsible for evaluating e-hospitals’ service
quality. To address these shortcomings, e-hospitals should
be implemented according to criteria that will guarantee
quality and continuity of clinical care. Establishing an
e-hospital management department and designing reli-
able treatment protocol and evaluation mechanisms
for e-hospitals is imperative for decision makers and
policymakers to ensure that the quality of healthcare is
protected.*’ ** Finally, structural and organisation guide-
lines for e-hospitals must be developed and government
real-time regulation of data security surrounding e-hos-
pitals must be enacted in order to further encourage
physicians’ adoption.** Moreover, developed policies
are not well proposed yet. Evidence-based policy research
regarding e-hospitals and Information and communi-
cations technology-guided healthcare reform should
continue to be explored to aid policymaking.

For decades, the private sector in China has received
minimal attention from policymakers. However, recent
years have brought an interest in its potential. We believe
that the integration of private hospitals into the e-hospital
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delivery cycle is necessary for the success of the primary
care-centred integrated model and the promotion of
communication between public and private hospitals.
Through this increased connectivity of private and public
hospitals, the best possible outcomes may be achieved
and resources may be accessed for patients in China.*®

Strengths, limitations and future research

This study has several limitations. First, its participant
sample was only drawn from hospitals in the Sichuan
province by convenience sampling, and thus the results
may not be generalised to other regions with different
healthcare providers and characteristics. The degree of
IT development and economic conditions constrained
the generalisability of our results. Second, although the
present study contained various healthcare providers
from different departments, we could not precisely
estimate the differences among subgroups due to the
limited sample size across specialists. Further studies are
recommended to investigate these nuances. Moreover,
due to the constraint of time of respondents, our survey
lacked open-ended response options and qualitative
interviews, which would have allowed for the collection
of more specific information from respondents. Also,
since this is a cross-sectional study which was conducted
before the COVID-19 pandemic, changes in physicians’
attitude and willingness towards e-hospitals caused by
the pandemic are hard to evaluate as sudden increases
in telehealth visits were observed during the pandemic.
Finally, changes over time in attitudes towards e-hospitals
due to rapid social development and population ageing
were also not captured.

Nevertheless, this study is the first to investigate the
factors impacting the adoption of e-hospitals at this scale
with respondents from various hospital levels. It provides
useful implications for recognising healthcare providers’
perceived facilitators and barriers to the use of e-hospi-
tals and can lay the groundwork for the future concep-
tualisations of digital health in China. The results of this
study have been providing insights into physicians’ partic-
ipation towards e-hospitals, especially if the epidemic has
weakened its boosting effect on e-hospital usage in the
future.

The Chinese healthcare system must enhance its
responsiveness and capacity to meet the imperative needs
of the ageing population, especially given the burden
of communicable and non-communicable diseases.
Although e-hospitals have evidence-based value in the
delivery of healthcare services, it is important to note
that these advantages cannot be accessed without patient
demand for e-hospitals and cooperation from healthcare
providers.47 Despite efforts that have been made, the
e-hospital technology is imperfect, and therefore further
studies are needed to support policies and expand avail-
able resources for this critical infrastructure.*® In addition,
cost-benefit analysis and outcome evaluations are encour-
aged.* Moreover, although the present study contained
various healthcare providers from different departments,

we could not estimate the differences among subgroups
due to the limited sample size across specialists. Further
studies are recommended to investigate these nuances on
the specific attitudes and perceptions of specialists, such
as psychiatrists, geriatricians and general practitioners.
Issues of quality and accessibility must also be taken into
consideration for future research.
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