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Sustained engagement and promotion by healthcare professionals are essential for the advancement
of telemedicine. Post coronavirus disease 2019 (COVID-19) pandemic, the preference for in-person
care highlights the need for research on healthcare professionals’ sustained telemedicine attitudes.
This study assessed healthcare professionals’ continued willingness to participate in and recommend
telemedicine post-pandemic and identified factors influencing their decisions. From September to
October 2023, a cross-sectional study was conducted among 560 healthcare professionals, with
samples recruited from 230 hospitals across 11 provinces in China using a multi-stage sampling
method. Overall, 518 (92.5%) of 560 respondents expressed their willingness to continue participating
in telemedicine, and nearly all respondents (93.5%) displayed a willingness to recommend
telemedicine to those in need. The results showed that perceived usefulness, subjective norms, patient
coverage, and satisfaction were positively associated with healthcare professionals’ willingness

to continue participating in and recommend telemedicine. Satisfaction and subjective norms play

a partial mediating role in the effect of usefulness on willingness to continue participating in and
recommend telemedicine. Patient coverage partially mediates relationship between usefulness and
willingness to recommend telemedicine. Chinese healthcare professionals exhibited a generally high
level of willingness to continue participating in and to recommend telemedicine. To further enhance
this willingness, it is essential to improve their perceptions of telemedicine’s usefulness, increase their
satisfaction with the technology, and emphasize the roles of subjective norms. Moreover, broadening
patient access to telemedicine services will be crucial in promoting healthcare professionals’
recommendations.
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The outbreak of coronavirus disease 2019 (COVID-19) has significantly sped up the rapid development and
deployment of telemedicine, both in China and globally!->. Amidst the global health crisis, telemedicine has
promptly emerged as a crucial adjunct to medical services, owing to its convenience, safety, and efficiency®®. It
effectively reduces the risk of virus transmission by minimizing direct contact between patients and healthcare
facilities®, highlighting its enormous potential and importance in the healthcare industry.

Telemedicine in China began in the mid-1980s, and its development was greatly accelerated following the
release of the “Opinions on Promoting Telemedicine Services in Medical Institutions” by the Chinese government
in 20147. Since then, a series of policies have been introduced to further promote telemedicine, with the goal of
improving primary healthcare and medical conditions in remote areas®. In the post-pandemic era, telemedicine
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in China is advancing from a provisional solution to a staple of healthcare delivery®. An increasing number of
medical institutions are beginning to incorporate telemedicine into their daily operations, offering patients more
convenient, efficient, and personalized healthcare services!012, By 2023, telemedicine services have covered all
residents in Chinese prefecture-level cities'®. This not only caters to the varied medical needs of patients and
improves medical resource utilization but also provides expanded avenues for career growth within medical
institutions and for their staff'!.

Healthcare professionals play a vital role in telemedicine services. They serve as the crucial connection
between patients and medical resources, employing their knowledge and technological skills to offer timely
and effective medical advice, diagnoses, and treatment recommendations!?. The continuous involvement
of healthcare professionals is crucial to ensuring the sustained and stable development of telemedicine'®.
Previous research indicates that a lack of understanding, insufficient awareness, and limited technological skills
and experience may hinder healthcare professionals from adopting telemedicine!®!”. During the COVID-19
pandemic, the widespread application and remarkable effectiveness of telemedicine heightened healthcare
professionals’ awareness of it'®, and these constraints are expected to have a significantly reduced impact on
their participation in telemedicine.

While the pandemic accelerated global telemedicine adoption, healthcare professionals’ willingness to
continue engaging in telemedicine post-pandemic varies across healthcare systems worldwide. In some countries
and regions, healthcare professionals have shown increased interest in telemedicine!®?°. However, challenges
persist in many countries, particularly the continued preference for in-person consultations among both
healthcare professionals?! and the public??, primarily due to the limitations of telemedicine in fully assessing
patient conditions. This variation highlights the need to understand the unique characteristics of the Chinese
healthcare system in the context of telemedicine adoption.

A significant amount of previous research has examined patients’ perspectives on telemedicine participation
and usage?®?*, while relatively little attention has been given to healthcare professionals’ involvement,
particularly concerning their sustained willingness to engage in telemedicine in the post-pandemic era. Given
the continuous advancement of telemedicine technologies and the broadening of their application scenarios,
there is an increasing importance in examining the experiences and perceptions of healthcare professionals
during the utilization of telemedicine technologies. It is essential to comprehend their willingness to engage
in telemedicine services and to analyze the factors that either facilitate or impede their engagement. This
understanding is pivotal for optimizing the quality of telemedicine services and for propelling their further
advancement.

Therefore, the purpose of this study is to explore healthcare professionals’ willingness to engage in
telemedicine in the post-pandemic era, with a focus on their willingness to continue participating in and
recommend telemedicine, and to further analyze the potential influencing factors. To ensure a comprehensive
understanding of the variables that may affect patients’ perspectives on telemedicine, this study adopted the
extended Technology Acceptance Model (TAM)? and the Theory of Planned Behavior (TPB)* as conceptual
frameworks, while considering the impact of telemedicine on patient accessibility. These models are frequently
employed in evaluating the adoption and acceptance of technological innovations by users.

Methods
Study design and setting
The 2023 Chinese National Survey of Telemedicine Development in Hospitals (CNSTDH) was conducted from
September to October 2023 across 230 hospitals in 11 provinces in China to investigate the current status of
telemedicine development. Data for the survey were collected through a joint effort between the Telemedicine
Informationization Professional Committee of China (TIPC) and the National Telemedicine Center of
China (NTCC). This study, part of the 2023 CNSTDH, specifically focused on examining the willingness of
healthcare professionals to continue engaging in telemedicine services post-pandemic. In this study, “healthcare
professionals” refers to a broad range of roles, including doctors, medical technologists, and public health
practitioners, all of whom play a role in the delivery of healthcare services. The study primarily focused on
general medicine, with a smaller proportion of participants from specialties such as psychiatry, neurology, or
dermatology. Telemedicine is discussed not only in the context of patient visits (e.g., remote consultations) but
also in relation to other interactions, such as remote diagnosis, remote surgical guidance, and remote teaching.

A multi-stage sampling method was employed to recruit the respondents. First, eleven survey provinces
were purposefully chosen from the eastern, central, and western regions based on previous collaborative efforts.
Then, one TIPC member from each province was selected to oversee the survey process, with responsibility for
both hospital selection and coordination. In terms of hospital sampling, we referred to the overall distribution
of hospitals in China in 2023, Given the importance of tertiary hospitals in telemedicine, we emphasized their
representation and also allowed flexibility for each provincial TIPC member to adjust the proportion of tertiary
hospitals based on local conditions, ensuring balanced and adaptable representation across hospital levels. After
obtaining consent from selected hospitals, a staff member was assigned to each hospital by TIPC members to
manage participant recruitment, and all of these staff members were trained by three experienced researchers
from NTCC. Finally, electronic questionnaires, along with quick-response codes and instructions, were
distributed by staff members in each hospital to healthcare professionals participating in telemedicine services.
Participation was voluntary, allowing participants to withdraw at any time. Anonymity and confidentiality of
data were ensured, and no financial compensation was provided. Researchers from NTCC periodically reviewed
data during the survey, provided timely feedback, and conducted unified data cleaning afterward to ensure the
effectiveness of the data.

Sample size was calculated using the standard formula for a cross-sectional study?:
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With a 95% confidence interval (Zq/2 = 1.96), a margin of error of 5%, and a response rate of 50%, a sample
size of 385 healthcare professionals was determined. Considering a 10% potential for non-response or invalid
questionnaires, the minimum required sample size was set at 424 participants.

Data collection

According to the 2023 CNSTDH, TIPC members reported that, in total, 1200 healthcare professionals were
initially contacted by the staff members and themselves through WeChat, telephone, and text message.
Finally, a total of 996 questionnaires were received, with a response rate of 83.0%. After excluding 135 invalid
questionnaires due to incomplete responses, highly repetitive answers, or obvious logical errors, there were 831
questionnaires left (effective rate 83.4%). As the main purpose of 2023 CNSTDH was to investigate the current
development status of telemedicine in China, the sub-questionnaire on willingness to continue engaging in
telemedicine was not set as mandatory. Healthcare professionals were free to decide whether to participate in
the sub-questionnaire. Therefore, after excluding participants who did not respond to the sub-questionnaire
on willingness, 560 valid samples were retained (Fig. 1). The sample size was set higher than the estimated
minimum to ensure representativeness, adequate statistical power, and reduced bias, thereby enhancing the
reliability of the results.

Ethics approval and consent to participate

Ethics approval for this study was obtained from the Ethics Committee of the First Affiliated Hospital of
Zhengzhou University. All participants were fully informed of the research purpose and were asked to provide
informed consent before the participation. All methods were performed in accordance with the relevant
guidelines and regulations.

Measures

Dependent variables

There are two dependent variables in this study, one of which measures healthcare professionals’ willingness
to continue participating in telemedicine post COVID-19 pandemic (“I am willing to continue participating
in telemedicine”), and the other measures their willingness to recommend telemedicine (“I am willing to
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Fig. 1. The flow diagram of the participant selection process.
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recommend telemedicine to those in need”). The responses are rated on a 5-point Likert scale, ranging from 1
(strongly disagree) to 5 (strongly agree), with higher scores indicating stronger willingness.

Independent variables

Based on the extended TAM-TPB theoretical model, this study assessed a range of independent variables
concerning participants’ perceptions and attitudes toward telemedicine: (1) The TAM includes two primary
variables: perceived ease of use (technological ease, equipment accessibility, connection stability, etc.) and
perceived usefulness (effectiveness, cost reduction, convenience, etc.) of telemedicine. (2) The TPB includes
two major components: subjective norms (participants’ perception of social pressure and attitudes toward the
expectations of others regarding telemedicine) and perceived behavioral control (participants’ perception of
their ability and the resources available to them for engaging in telemedicine services within their work context).
(3) Patient Accessibility, including perceived patient profile accessibility and perceived patient coverage by
telemedicine. (4) Overall satisfaction of telemedicine, assessed by one single item: “Overall, I am satisfied with
the telemedicine services I have engaged with.” Each variable, except satisfaction, was measured using three or
four scale items. Most items were retrieved and adapted from previously tested and validated research!>3%3!,
Measurement of Cronbach’s alpha showed good internal consistency reliability for each of the scales: 0.86
for ease of use, 0.93 for usefulness, 0.94 for subjective norms, 0.94 for perceived behavioral control, 0.87 for
patient profile accessibility, and 0.95 for patient coverage. Face and content validity were assessed through
panel discussions with experts (academics and clinicians in the field) and a small-scale pilot study involving 25
healthcare professionals from the target population, who were not part of the main study sample. All items were
rated on 5-point Likert scales, with responses ranging from 1 (strongly disagree) to 5 (strongly agree). Scores for
each variable were calculated by averaging across all items within that variable.

Socio-demographic variables

Sociodemographic characteristics examined include age, gender, region, education level, professional title,
participatory roles, hospital level, department, years of working, and years of telemedicine experience. The
participatory roles in telemedicine are defined as either “inviter” or “invitee” based on their responsibilities.
The “inviter” is the healthcare institution requesting support for diagnosis and treatment, while the “invitee”
provides the support using information technologies.

Data analysis

The statistical analysis was conducted with SPSS version 24.0 (SPSS Inc., Chicago, IL, USA). Categorical
variables were presented as frequencies with percentages. Age was presented as means with standard deviation
(SD), whereas other continuous variables were mainly presented as median (inter quartile range). Hierarchical
multiple linear regression models with a “Stepwise” approach were used to identify the primary correlates of
willingness to continue participating in and to recommend telemedicine, respectively. In Model 1, all socio-
demographic variables were included except for years of work experience to mitigate potential collinearity.
Model 2 added TAM constructs (ease of use and usefulness), and Model 3 added TPB constructs (subjective
norms and perceived behavioral control). Patient Accessibility variables (patient profile accessibility and patient
coverage) were entered in Model 4, and finally, overall satisfaction was entered in Model 5. “Perceived behavioral
control” variable was removed from the models due to variance inflation factor (VIF) values>5 and tolerance
values < 0.2, indicating significant multicollinearity. All assumptions for linear regression models were examined
graphically and analytically (linearity, normality, independence, and homoscedasticity) and were fulfilled.
Further, based on the results of linear regression, mediation analyses were performed using the PROCESS
version 4.2 macro designed for SPSS. We examined the mediation effects of satisfaction, subjective norms,
and patient coverage on the association between usefulness and both willingness to continue participating in
telemedicine and willingness to recommend telemedicine.

Results

Characteristics of the participants

In total, 560 healthcare professionals were included in this study. The sample characteristics are outlined in
Table 1. The average age of participants was 37.14 (+ 8.50) years, with a median of 3 (IQR 2-6) years of working
experience in telemedicine. Slightly over half of the sample (52.7%) was female, and the majority came from the
central region (48.9%) and the western region (45.2%). There were 43.2% of the respondents who took on the
role of the inviter in telemedicine services, while 38.8% simultaneously served as both the inviter and the invitee.
Approximately 43.0% were from tertiary hospitals, and most (75.4%) were from clinical departments. The largest
number of participants had junior and intermediate titles, accounting for 38.9% and 32.7% respectively, and over
60% had a bachelor degree.

Perceptions, attitudes and willingness to continue participating in and recommend
telemedicine

Overall, 518 (92.5%) of 560 respondents expressed their willingness to continue participating in telemedicine,
and nearly all respondents (93.5%) displayed a willingness to recommend telemedicine to those in need.
Healthcare professionals generally perceived the telemedicine services they participate in with a high level of
ease of use and usefulness. They also reported a high level of subjective norms and perceived behavioral control
in participating in telemedicine, as well as a high level of perceived profile accessibility and patient coverage
through telemedicine. Moreover, participants expressed considerable satisfaction with the telemedicine services
they engaged in (Table 2). The correlation matrix with main variables can be found in supplementary files
(Supplementary Table 1).
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Characteristic ‘ N (%) ?
Socio-demographics
Age (years), Mean (SD) ‘ 37.14 (8.50)
Gender
Male 265 (47.3)
Female 295 (52.7)
Region
East 33(5.9)
Central 274 (48.9)
West 253 (45.2)
Participatory roles
Inviter 242 (43.2)
Invitee 101 (18.0)
Both 217 (38.8)
Hospital level
First-level hospital and below 140 (25.0)
Secondary hospital 179 (32.0)
Tertiary hospital 241 (43.0)
Professional title
Junior 218 (38.9)
Intermediate 183 (32.7)
Deputy senior 109 (19.5)
Senior 50 (8.9)
Education level
Associate degree 112 (20.0)
Bachelor degree 341 (60.9)
Master degree 85(15.2)
Doctoral degree 22 (3.9)
Department
Clinical departments 422 (75.4)
Medical technology departments 119 (21.3)
Public health departments 19 (3.4)
Years of working, Median (IQR) 10 (6-20)

Years of telemedicine experience, Median (IQR) | 3 (2-6)

Table 1. Demographics and characteristics of respondents (1 =560). *Data are noted as N (%) unless otherwise
stated.

Predictors associated with willingness to continue participating in telemedicine

Table 3 displays the hierarchical multiple linear regression results predicting willingness of healthcare
professionals to continue participating in telemedicine. Demographic variables (Model 1) were generally non-
significant predictors of variance. Professional title was negatively associated with healthcare professionals’
willingness to continue participating in telemedicine. Compared to respondents with a junior professional title,
those with intermediate (p = -0.10, P=0.040) and senior professional (B = -0.15, P=0.001) titles had lower
willingness to continue participating in telemedicine. Years of telemedicine experience was positively associated
with willingness to continue participating in telemedicine ($=0.09, P=0.030). In model 2, the inclusion of TAM
constructs accounted for a significant increase in variance explained (AR*=0.667, P<0.001), and usefulness
(B=0.82, P<0.001) was positively associated with willingness to continue participating in telemedicine.
Furthermore, the addition of TPB constructs in Model 3 was positively and significantly associated with
willingness. Healthcare professionals with greater perceived subjective norms (p=0.64, P<0.001) were more
willing to continue participating in telemedicine. The inclusion of TPB constructs accounted for an additional
13.1% of the variance (P<0.001), increasing the adjusted R? to 82.1%. In Model 4, the inclusion of patient
accessibility variables explained an additional 0.3% of the variance (P=0.004). In Model 5, greater overall
satisfaction with telemedicine was associated with stronger willingness to continue participating in telemedicine
(B=0.24, P<0.001), an effect that explained an additional 1.2% (P<0.001) of the variance and the model
accounted for 83.5% of adjusted total variance.

Predictors of willingness to recommend telemedicine

Results of multiple linear regression examining predictors of willingness to recommend telemedicine are shown
in Table 4. Socio-demographic predictors in Model 1 only explained an adjusted total variance of 0.7%, and
having a higher professional title was associated with lower willingness to recommend telemedicine. Years
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Willingness ‘ N (%)

Willingness to continue
participating in telemedicine

Strongly disagree | 5(0.9)

Disagree 1(0.2)
Neutral 36 (6.4)
Agree 307 (54.8)
Strongly agree 211 (37.7)
Mean (SD) 4.28 (0.67)
Willingness to recommend
telemedicine

Strongly disagree | 5 (0.9)

Disagree 0(0.0)
Neutral 31(5.5)
Agree 305 (54.5)
Strongly agree 219 (39.1)
Mean (SD) 4.31 (0.66)

Extended TAM_ | Mean
TPB constructs® | (SD) ®

TAM constructs
Ease of use 3.90 (0.64)
Usefulness 4.25(0.68)

TPB constructs

Subjective norms | 4.19 (0.71)

Perceived
behavioral 4.18 (0.71)
control

Patient accessibility

Patient profile

accessibility 3.84(0.63)

Patient coverage | 4.21 (0.71)

Satisfaction

Overall
satisfaction

4.25(0.71)

Table 2. Willingness to continue participating in and recommend telemedicine, and the constructs of the
extended TAM-TPB theoretical model (n=560). *Scores on all constructs ranged from one to five, with higher
values indicating more endorsement.

of telemedicine experience was positively associated with willingness to recommend telemedicine ($=0.09,
P=0.045). In model 2, TAM constructs accounted for 67.0% of added variance to the model (Adj R*=0.689,
P<0.001). Usefulness was positively associated with willingness to recommend telemedicine (f=0.83,
P<0.001). In Model 3, subjective norms (p=0.56, P<0.001) was positively associated willingness to recommend
telemedicine, accounting for 10.0% of added variance to the model (Adj R*=0.789, P<0.001). Furthermore,
patient coverage in Model 4 explained an additional 0.6% (Adj R?=0.795, P<0.001) of the variance, and
satisfaction in Model 5 explained an additional 1.9% of the variance (P<0.001). In Model 5, participants
who perceived higher levels of patient coverage (B=0.12, P=0.001) and satisfaction (f=0.30, P<0.001) with
telemedicine reported greater willingness to recommend telemedicine. Ultimately, the final model explained
approximately 81.4% of the variance in willingness to recommend telemedicine.

Mediation analysis

Finally, we further examined the mediating effects of satisfaction, subjective norms, and patient coverage in
the models (see Figs. 2 and 3). As depicted in Table 5, usefulness was associated with willingness to continue
participating in telemedicine directly (p=0.18, 95% CI [0.10, 0.25]), and indirectly through satisfaction (f=0.19,
95% CI [0.10, 0.29]) and subjective norms (p=0.39, 95% CI [0.28, 0.51]). We also found that usefulness was
associated with willingness to recommend telemedicine directly (f=0.20, 95% CI [0.12, 0.27]), and indirectly
through satisfaction (3=0.23, 95% CI [0.14, 0.34]), subjective norms ( =0.28, 95% CI [0.16, 0.39]), and patient
coverage ($=0.10, 95% CI [0.03, 0.19]).

Discussion

In the post-pandemic era, with traditional face-to-face medical care fully resumed, the sustained and active
engagement of healthcare professionals in telemedicine remains critical for its stable development. Given the
irreplaceable advantages of face-to-face consultations, it is uncertain whether healthcare professionals will
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sustain their willingness for active telemedicine engagement. The factors influencing healthcare professionals’
willingness to engage in telemedicine identified during the pandemic may not apply to the current multi-model
medical landscape. This nationwide survey examined the willingness of Chinese healthcare professionals to
engage in telemedicine post-pandemic, with a focus on their willingness to continue participating in and
recommend telemedicine, using an extended TAM-TPB model.

Overall, more than 90% of healthcare professionals in this study expressed willingness to continue
participating in and recommend telemedicine. This suggests a general recognition of its value and significant
role in enhancing the quality and accessibility of medical services. The adoption of telemedicine and willingness
to engage in it vary significantly across different countries. Our results are similar to the high levels of acceptance
and willingness observed in some high-income countries’», but are higher than those reported among
healthcare professionals in resource-limited settings®*>. A previous study in Saudi Arabia found that most
participants across all subgroups were willing to use digital tools in patient care, with acceptance rates ranging
from 75.6 to 87.1% among physicians and nurses and 66.1-80.0% among nursing and medical students®. In
contrast, only 53.42% of health professionals in Ethiopia held positive attitudes towards telemedicine, indicating
moderate acceptance®’. Furthermore, we note that the willingness in our study was slightly lower than that in
nationwide studies conducted both before and during the pandemic'®. As the pandemic subsides and daily life
returns to normal, healthcare professionals may reduce their demand and expectations for telemedicine. Face-
to-face communication is integral for healthcare professionals in diagnosing conditions and fostering patient
trust®. Despite the convenience of telemedicine during the pandemic, its constraints in communication and
diagnostic capabilities, such as the inability to monitor patients’ vital signs in person or perform physical exams
on location®”-¥, may limit its use in certain contexts. This could lead healthcare professionals to prefer traditional
face-to-face services, potentially reducing their willingness to participate in and recommend telemedicine.

In this study, we found that healthcare professionals with higher professional titles (intermediate and senior
levels) were less willing to continue participating in and recommend telemedicine compared to those with junior
titles. This reluctance may stem from multiple factors. First, senior healthcare professionals may have a stronger
preference for traditional in-person consultations, which rely heavily on physical examinations and personal
interactions that are difficult to replicate in virtual settings®. Second, their years of experience in traditional
practice may create cognitive inertia, making them less inclined to adapt to newer modalities®’. According to
Rogers’ Diffusion of Innovations theory, later adopters often require higher compatibility between technologies
and existing workflows*!, and telemedicine may be perceived as a challenge to their established practice patterns.
Additionally, the time investment required for technology adoption may disproportionately affect senior
healthcare professionals. While junior healthcare professionals, often trained in the digital era, tend to have
higher e-health literacy*?, senior healthcare professionals may face a steeper learning curve, further exacerbated
by their existing clinical workload*®. Finally, concerns over the technological aspects of telemedicine, such as
usability and reliability, may further reduce their willingness to adopt it*%. Our results also showed that years of
telemedicine experience were positively associated with willingness to continue participating in and recommend
telemedicine. This further emphasizes the importance of familiarity and comfort in driving the adoption of new
technologies. As healthcare professionals gain more exposure to telemedicine, they become more confident in its
benefits and effectiveness, leading to increased acceptance and utilization. It also suggests that ongoing education
and hands-on experience may help overcome initial barriers to telemedicine adoption. These findings highlight
the need for tailored strategies, such as targeted training, technical support, and incentives, to encourage greater
participation in telemedicine across all professional levels. Further research should focus on identifying the
specific barriers faced by senior healthcare professionals and exploring effective ways to address these challenges
to promote broader telemedicine adoption.

The results suggested that the extended TAM-TPB frameworks have a better predictive effect on healthcare
professionals’ willingness to continue participating in telemedicine and their intention to recommend it. Two
multiple linear regression models explained 86.0% and 82.8% of the total variance in healthcare professionals’
willingness to continue participating in and recommend telemedicine, respectively. Previous research has
confirmed the validity and effectiveness of TAM and TPB in understanding technology acceptance?>®. However,
relying solely on a single theoretical model may not fully capture the complex relationship between behavioral
intention and actual behavior. The integration of multiple theoretical models can enhance the accuracy and
comprehensiveness of predictions?’*8. Future research could explore the significant role of integrating multiple
theoretical models in predicting health behaviors and intentions related to telemedicine.

When analyzing the factors associated with healthcare professionals’ willingness to continue participating
in and recommend telemedicine, our results showed that usefulness, subjective norm, patient coverage, and
satisfaction were key drivers. Usefulness has been identified as one of the key determinants for the adoption of
telemedicine®. When telemedicine systems offer practical benefits to healthcare professionals, such as improving
diagnostic efficiency and streamlining resource management, they are more willing to participate in and
recommend these technologies®. The usefulness of such systems is not only reflected in their technical features
but also in their enhancement of the patient’s medical experience™. Interestingly, we found that greater subjective
norms were associated with higher willingness to continue participating in and recommend telemedicine.
Previous research has focused on individuals’ telemedicine usage experiences®!*>2, with little attention paid to
the normative influences on healthcare professionals’ participation and promotion of telemedicine. However, it
is important to note that healthcare professionals’ participation in and promotion of telemedicine is not just an
individual choice but also has significant social interaction characteristics™. This suggests that future efforts to
encourage healthcare professionals to engage more actively in telemedicine should leverage the positive influence
of peer effects or social norms. Beyond using telemedicine technology, healthcare professionals’ perception of
its benefits to patients is crucial for their sustained engagement and promotion®. Our results indicated that
patient coverage was positively associated with the willingness to recommend telemedicine. This suggests that
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Fig. 2. Mediation effect model of satisfaction, subjective norms, and patient coverage between usefulness and
willingness to continue participating in telemedicine. Usefulness was both directly and indirectly (through
satisfaction and subjective norms) associated with willingness to continue participating in telemedicine.
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Fig. 3. Mediation effect model of satisfaction, subjective norms, and patient coverage between usefulness and
willingness to recommend telemedicine. Usefulness was both directly and indirectly (through satisfaction,
subjective norms, and patient coverage) associated with willingness to recommend telemedicine.

healthcare professionals consider patients’ needs when deciding whether to recommend telemedicine, thereby
ensuring those who are unable or find it difficult to access traditional healthcare services can conveniently
obtain necessary medical care. In the future, enhancing patients’ access to telemedicine will not only facilitate
the equitable distribution and optimal allocation of medical resources but also effectively boost healthcare
professionals’ willingness to recommend it. Consequently, this will further promote the widespread adoption of
telemedicine, thereby improving the quality and efficiency of medical care.

We found that higher overall satisfaction of telemedicine increases healthcare professionals’ willingness to
continue participating in and recommend telemedicine, which is consistent with previous findings>>>¢. This
indicates that satisfaction is a key factor influencing the usage and promotion of telemedicine. Satisfaction with
telemedicine may arise from its convenience, efficient patient communication, and expanded service reach”’.
Further analysis revealed that satisfaction acts as a mediating variable between usefulness and intention,
suggesting that in the future promotion of telemedicine, continuously optimizing service quality and user
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Y: Willingness to continue participating in telemedicine

X: Usefulness
M: Satisfaction, Subjective norms, and Patient coverage
Effect type Effectsize | SE |t P LLCI | ULCI
Total effect 0.82 0.02 | 35.05 | <0.001 | 0.78 0.87
Direct effect 0.18 0.04 | 484 |<0.001 |0.10 |0.25
Indirect effect
Total 0.64 0.04 | - - 0.57 0.73
Satisfaction 0.19 0.05 | - - 0.10 |0.29
Subjective norms | 0.39 0.06 | - - 0.28 |0.51
Patient coverage | 0.06 0.04 | - - -0.12 | 0.15
Y: Willingness to rec d telemedicine
X: Usefulness
M: Satisfaction, Subjective norms, and Patient coverage
Effect type Effect size | SE | t P LLCI | ULCI
Total effect 0.81 0.02 | 35.16 | <0.001 | 0.76 | 0.85
Direct effect 0.20 0.04 | 5.17 |<0.001 |0.12 |0.27

Indirect effect

Total 0.61 0.05 | - - 0.52 |0.70
Satisfaction 0.23 0.05 | - - 0.14 |0.34
Subjective norms | 0.28 0.06 | - - 0.16 |0.39
Patient coverage | 0.10 0.04 | - - 0.03 |0.19

Table 5. The mediating roles of satisfaction, subjective norms, and patient coverage on the associations
between usefulness and both willingness to continue participating in telemedicine and recommend
telemedicine (n=>560).

experience, and maintaining and enhancing healthcare professionals’ satisfaction with telemedicine remain key
to driving their sustained participation and promotion.

This study explored the willingness of Chinese healthcare professionals to continue participating in and
recommend telemedicine in the post-pandemic era. It revealed the key factors influencing their engagement
and endorsement of telemedicine, offering empirical support for advancing telemedicine services in China. The
findings suggest that by enhancing healthcare professionals’ perceptions of telemedicine’s usefulness, increasing
their satisfaction with engaging in telemedicine, emphasizing the influence of subjective norms on participation,
and expanding patient access to telemedicine, healthcare professionals’ willingness to participate in and promote
telemedicine will be significantly bolstered. With cautious interpretation, these results may provide reference for
similar healthcare settings in other middle-income countries.

Policymakers and hospital administrators should implement targeted training programs to enhance
healthcare professionals’ confidence and competence in telemedicine, focusing specifically on improving their
satisfaction and perceived usefulness. This is especially important for senior staff who may face technological
barriers. For example, training modules could include hands-on workshops, simulation exercises, and ongoing
technical support to ensure proficiency in using telemedicine platforms. Offering financial incentives and
career development opportunities, such as telemedicine specialization or certification, can further motivate
participation and boost overall satisfaction. Additionally, improving the user experience by streamlining
telemedicine platforms and ensuring seamless integration into existing workflows will be crucial in enhancing
perceived usefulness. This includes optimizing user interfaces, reducing technical glitches, and providing clear
guidelines for both healthcare professionals and patients. Strengthening technological infrastructure, particularly
in rural or underserved areas, is essential for broader telemedicine adoption. This involves investing in high-
speed internet connectivity, upgrading hardware, and ensuring reliable access to telemedicine tools. Promoting
patient awareness and trust in telemedicine through public health campaigns and educational initiatives will also
play a significant role in its success. These efforts will ultimately strengthen healthcare professionals’ involvement
and improve the quality and accessibility of telemedicine nationwide.

This study has certain limitations that should be acknowledged. First, the study was cross-sectional, and while
we examined the associations between usefulness, satisfaction, subjective norms, and willingness to continue
participating in and recommend telemedicine, we cannot determine the causality or the temporal direction of
the observed associations. This limitation is particularly relevant in mediation analyses, where the sequence of
effects is crucial for accurate interpretation. Specifically, while satisfaction and subjective norms partially mediate
the effect of usefulness on willingness to continue participating in and recommend telemedicine, the cross-
sectional data cannot establish the direction of these effects. It is possible that higher satisfaction and subjective
norms may increase perceived usefulness, rather than usefulness driving satisfaction and subjective norms.
Similarly, patient coverage partially mediates the relationship between usefulness and willingness to recommend
telemedicine, but this relationship could also be bidirectional. Therefore, future longitudinal studies are needed
to establish causal relationships by tracking changes in these variables over time and their impact on continued
participation and recommendation of telemedicine. Second, self-reported willingness to participate in and

Scientific Reports |

(2025) 15:9581 | https://doi.org/10.1038/s41598-025-93801-z nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

recommend telemedicine may be influenced by social desirability bias. Third, although this study was conducted
nationwide, the sample size lacks sufficient diversity, so caution should be exercised when generalizing to other
populations and regions. Future studies should aim for more comprehensive population coverage. Additionally,
while our findings may be useful to similar healthcare settings, applying them to other middle-income countries
may not be appropriate due to significant differences in healthcare systems and population health profiles.
Fourth, participation was voluntary, and data from non-respondents or incomplete surveys were excluded. This
may introduce selection bias, as individuals who chose to participate and complete the survey may have had
more positive experiences or attitudes towards telemedicine, potentially overestimating the reported willingness
to engage in telemedicine. Consequently, the generalizability of our results may be limited, which should be
carefully considered during interpretation. Future studies should consider strategies to minimize selection bias,
such as employing techniques to account for missing data. Finally, this study included a limited number of
potential influencing factors. The sustained participation and recommendation of telemedicine are affected by
various factors. For example, we did not account for potential regional disparities in telemedicine infrastructure
and policy implementation. Differences in healthcare resources, internet penetration, and policy support across
regions could affect the accessibility and utilization of telemedicine services, potentially biasing our findings.
Future research needs to consider a broader range of potential influences.

Conclusions

The sustained engagement and promotion by healthcare professionals are essential for the advancement of
telemedicine. Our findings indicated that Chinese healthcare professionals have a generally high willingness
to continue participating in and recommend telemedicine in the post-pandemic era. Perceived usefulness,
subjective norms, satisfaction, and patient coverage of telemedicine are key factors in enhancing healthcare
professionals’ continued engagement and promotion of telemedicine. Future research could benefit from
longitudinal studies that track changes in willingness over time, as well as studies that explore the perspectives
of both patients and healthcare professionals to better understand the dynamics that influence telemedicine
participation and recommendation.

Data availability

The datasets generated and analyzed during the current study are not publicly available due to reasons of pri-
vacy and ethical considerations. The instruments are available from the corresponding author upon reasonable
request.
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