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Abstract

Background While Internet hospitals have rapidly developed as China's dominant digital healthcare model, critical
evidence gaps persist regarding operational status and challenges of their core online consultation services. This
study aimed to evaluate the current status and challenges of online consultation in Internet hospitals services
through large-scale multi-center business data analysis.

Methods Retrospective analysis of 594,695 online consultations (2020-2021) from 30 Internet hospitals across 11
Chinese provinces. Descriptive analyses were conducted on counselee demographics, consultant qualifications,
and order informations. A novel five-category consultation classification was applied. Multivariate logistic regression
identified the inflencing factors for order, while locally weighted regression (LOESS) modeled workload-response
relationships.

Results There were 244,678 counselees (median age 29) and 5,781 providers (91.89% doctors) involved. Service are
concentrated in pediatrics, obstetrics and gynecology (48.25%). Senior-title providers handled 43.79% consultations
but showed reduced completion probability (OR=0.77). The main types of consultations were re-visit (44.89%)

and first visit (34.57%). Temporal patterns revealed peak consultation hours at 10:00 (8.11%) and 16:00 (7.29%), with
provider response peaks at 12:00 (5.38%), 16:00 (6.61%), and 21:00 (6.63%), averaging 3.64-hour response delays.
Provided medical history (OR=2.13) could independently increase the response probability, whereas senior title
(OR=0.77) could reduce such probability. Workload-response efficiency transitioned from positive (< 78 orders) to
negative correlation (> 1,700 orders), with 27.69% uncompleted orders attributed to consultant factors (75.87%).
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Conclusions Even with the increased momentum, the online consultation service still faces many challenges mainly
including the relative absence of elderly patients with chronic diseases, personnel qualification issues, the imbalance
of service supply and demand, the unfitness of order contents with official regulations, and the insufficient quality
control of response rate and timeliness. Comprehensive measures should be carried out to promote the effectiveness
of online consultation for better disease prevention and control.

Keywords Internet hospital, Online consultation, Online health care services, Digital health, China

Background

As a novel strategy for outpatient healthcare and supple-
mentary means to offline visits, Internet hospital func-
tions as a virtual platform that delivers medical services
through the network [1]. Since the first Internet hos-
pital was approved in China in 2014 [2], various parties
including governments, hospitals and enterprises have
actively explored its construction and operation mode
[3]. In 2018, the Chinese government officially issued
the “Administrative Measures for Internet Diagnosis and
Treatment (Trial)” and other three documents [4], which
became a key developmental milestone for Internet hos-
pitals. It clearly specified that Internet hospitals must be
founded on the basis of physical hospitals [5], making
Internet hospital be the only statutory type of platforms
to provide online diagnosis and treatment services. It also
gave a clear definition for the scope of online diagnosis
and treatment services as serving re-visit individuals with
common and chronic diseases, providing family physi-
cian services and remote collaboration between medi-
cal institutions. With the supports of serial policies, the
number of Internet hospitals increased from 92 to 315 [6]
with users expanding from 28 million to 45 million dur-
ing 2018 and 2019 [3]. During the epidemic of COVID-
19, Internet hospitals became an important part of joint
prevention and control system [7-10], which consider-
ably alleviated the pressure on healthcare system [11].
The number of Internet hospitals had exceeded 1,700 by
the end of 2021 in China [6].

The main function of Internet hospital provided is
online consultation service, which can enhance the
equity of medical resources. Compared with traditional
offline health care services, online services break through
the limitation of time and space, reduce medical costs,
alleviate offline medical congestion, and thus provide a
brand-new solution to diagnosis and treatment [2]. Easy
access to doctors online without significant time or finan-
cial cost can boost patient’s enthusiasm for the follow-up
and post-diagnosis management [12, 13]. However, there
are still potential challenges that the online consulta-
tion service may confront, including the low proportion
of elderly counselees [14], poor service efficiency [15],
imbalance consultation orders between departments
[16], and so on.

The existing data-supported analyses on online consul-
tation service were mostly based on enterprise-operated

online consultation platforms, such as PingAn Good
Doctor [17] and Haodf [18-22], which were fundamen-
tally distinct from Internet hospitals. Existing single-cen-
ter researches on physical hospital-operated platforms
may have the problems of insufficient sample size and
under-representation [23]. Despite of these existing evi-
dence, several concerns have not been clearly addressed
or answered so far, including:

1. Do the online consultation services properly
serve the target audience as patients with chronic
conditions?

2. Are the practice qualifications of consultants strictly
ensured in online consultation services as well as in
offline visits?

3. Whether the content of the online consultation
conforms to the current policy?

4. Can the quality and efficiency of online consultation
services be guaranteed for counselees?

To answer the above questions, the comprehensive analy-
sis using real-world multicenter data is urgently needed
to objectively assess the current status and explore the
main challenges of online consultation service.

This study performed an integrative analysis on busi-
ness data generated from 30 Internet hospitals nation-
wide in China during 2020 and 2021. The current status
and main challenges of online consultation service were
evaluated from counselee, consultant, and order aspects,
with a view to provide empirical evidences for improving
service quality and effectiveness.

Methods

Data sources

A total of 594,821 online consultation records were col-
lected from 30 Internet hospitals distributed across 11
provinces in China. Following standardized data clean-
ing procedures, 126 fully identical records were removed,
while duplicate consultation records and those contain-
ing null values were retained as part of this study. Ulti-
mately, this study retained 594,695 de-identified online
consultation service data from 30 Internet hospitals dis-
tributing in 11 provinces in China from January 1, 2020
to December 31, 2021. All Internet hospitals included in
this study are operated by non-profit tertiary hospital,
including 10 in Fyjian, 5 in Anhui, 3 in Xinjiang, 2 each in



Yang et al. BMC Health Services Research (2025) 25:611

Guangxi, Guangdong, Henan and Tianjin, 1 each in Inner
Mongolia, Ningxia, Shanghai, and Liaoning. Among
them, 28 hospitals are public and the other 2 are private.
In terms of hospital types, there are 22 general hospitals,
5 traditional Chinese medical hospitals, 2 mental hos-
pitals, and 1 women’s and children’s hospital. Appendix
Table 1 displays the province, ownership and types of the
physical hospitals that the Internet hospitals operated.

All data were securely stored at Zoenet Health Tech-
nology Co., Ltd, which cooperates with hospitals to run
the online consultation services. The company de-identi-
fied these data and constructed an Internet environment
for secure analysis, obtaining data according to the prin-
ciple of minimum availability. After conducting an analy-
sis of the data in the intranet security environment, the
analysts exported the analytical results rather than the
underlying data itself.

Study definitions

Information of counselees

The information of counselees contains their gender, age,
present diagnosis and medical history. Present diagno-
sis refers to the initial diagnosis of the current disease
related to the counselee’s consultation. The counselee’s
past diseases, operations, injuries, and treatments experi-
ences comprise the overall medical history. The present
diagnosis and medical history are offered by the coun-
selees at the time of order submission and are not man-
datory, in case that counselees may be in good health
conditions or unclear of current diagnosis.

Information of consultants

The information of consultants includes their occupa-
tional category, professional title and department. The
occupational categories of consultants include doctors,
nurses, technicians, therapists and pharmacists. While
doctor can offer all kinds of online consultation services
including diagnosis and treatment, the remainder types
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of consultants can only provide medical consultation
services. The professional titles are classified into junior,
intermediate, sub-senior and senior in ascending order,
according to the grades of Chinese medical worker’s pro-
fessional titles [24]. It should be noted that the qualifi-
cation for online practicing medicine is the same as the
offline. Only doctors can prescribe and provide diagnosis
and treatment services to patients. Other types of con-
sultants, such as nurses and therapists, may also engage
in online medical consultation services, but they are not
authorized to prescribe or provide online diagnosis and
treatment services.

Information of consultation orders

The information of consultation orders consists of consul-
tation department, consultation type, order completion
status and time-related information. A total of 44 depart-
ments were identified. The online consultation services
provided by the Internet hospital include online medical
consultation (virtual consultation) services and online diag-
nosis and treatment (virtual visit or virtual re-visit) services.
Specifically, online consultation services refer to all kinds of
consultations that occur on the Internet hospitals. Among
them, online medical consultation services refer to general
consultation that does not involve diagnosis and treatment,
while online diagnosis and treatment services refers con-
sultations seeking for diagnosis and treatment on the Inter-
net hospitals, including first visits and re-visits. As Internet
hospitals in China are still in the developmental stage, there
is currently no specific recognized or official classification
method for online consultation services. In order to further
explore the order types and distribution of online consulta-
tion, we innovatively put forward the classification criteria
shown in Table 1 and Fig. 1. All online consultation services
can be classified into 5 types as first visit, re-visit, health
consultation, process consultation and irrelevant content.
Among them, first visit and re-visit consultations belong to
online diagnosis and treatment services, and the other three

Table 1 Categories, definitions and examples of online consultations

Categories Definitions Examples

First visit The purpose of the counselee is to seek diagnosis or (and) treatment  “I've got dizziness, fatigue and runny nose. What king of
but without any medical records, diagnosis results or accessory illness do | have?”
examination reports, etc. “What should | do if | have insomnia regularly in the

evening?”

Re-visit The purpose of the counselee is to seek diagnosis or (and) treatment “After the consultation last time, I still feel dizzy and tired”
with any of medical records, diagnosis results or accessory examina-  “Could you please check my most recent physical examina-
tion reports, etc. tion report to see if everything is ok?”

Health The counselee wants to simply obtain knowledge about health and  “Can | take cold medicine after drinking alcohol?”

consultation medical issues.

Process
consultation service process.
Irrelevant
content

medicine.

The counselee only asks about the procedural steps of the medical

The description of the counselee is none of the above, or exceeds
the scope of services provided by this platform or is irrelevant with

“When can | have a bath or shower after hysterectomy?”
“Does the physical examination require an empty stomach?”
"How can | make an appointment for a 3D ultrasound?”
“Have you got married?”

‘| am just wondering if | can get your phone number.
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Consultation order

Seeks for medical diagnoses and treatments

Yes

Y
Provides definitive diagnoses, accessory examination
results, or previous relevant treatment experience

No

Yy

Consults about medical service process

No Yes Yes No
Consults about health and medical issues
Yes No
4 \ A Y
First visit Re-visit Process consultation Health consultation Irrelevant content

Fig. 1 The process of manual classification

types of medical consultations belong to online medical
consultations services. According to the criteria, the orders
in 2020 were divided into five consultation types by manual
identification.

The repeated consultation refers to the orders submitted
by the same counselee with the same content. The consulta-
tion types and the repeated consultation orders were both
manually judged by two trained researchers, which inde-
pendently classified both consultation types and repeated
consultations while remaining blinded to all contextual data
(including demographics, temporal patterns, and profes-
sional titles), accessing only de-identified free-text content.
Prior to formal analysis, researchers completed rigorous
standardization training: (1) Studying the classification man-
ual containing operational definitions, 70 exemplar cases,
and boundary scenario resolution protocols; (2) Achieving
excellent inter-rater reliability (Cohen’s k>0.90) on 100 pilot
cases. During the classification process, all discordant judg-
ments underwent structured resolution through daily con-
sensus meetings with senior co-authors. Post-classification
analysis demonstrated sustained excellent agreement with
Cohen’s k=0.92 (95% CI: 0.89-0.94).

The order completion status depends on whether the
order has been answered or not. An order will be consid-
ered completed automatically in the system if it has been
answered by a consultant, whereas an order without receiv-
ing an answer will be considered uncompleted. The reasons
of being unanswered contain consultant reasons, counselee
reasons and system reasons. Consultant reasons include
time out without response, lack of time for response, rec-
ommendation to offline outpatient. Time out with no

response refers to the automatic termination of a consulta-
tion order if none of consultants respond within 24 h. Lack
of time for response is an option for consultants to reject the
corresponding requests if they do not have time to response.
Counselee reasons refer to the cancellation of orders by
counselees due to the following reasons including consult-
ing the wrong departments, improper operation, non-pay-
ment and no particular reasons. System reasons include
invalidation of the medical treatment card, system errors
and other causes.

Time-related information consists of order time, response
time and waiting time. The order time is the time of order
submission, while response time is the time when the con-
sultant responds. The waiting time represents the duration
between the order time and the response time.

Statistical analysis
This study evaluated the status of online consultation ser-
vices from four aspects: (1) the characteristics of counselees,
(2) the service capacities of consultants, (3) the consultation
contents, and (4) the quality of online consultation service.
The characteristics of counselees were described by the dis-
tribution of their age, gender in different departments. The
service capacities of consultants were evaluated based on
their occupational categories and professional titles. The
consultation contents were described by the distribution of
order types. The quality of service was assessed by the wait-
ing time and response rate of the consultation orders.
Exploratory data analysis was performed. Since all of
continuous variables showed skewed distributions with
normality test, we chose median (Inter-Quartile Range,
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IQR) to represent the continuous variables. All categori-
cal variables were described by number (percentage).
Meanwhile, the non-parametric method of Kruskal-
Wallis test of the one-way analysis of variance model was
adopted to test the difference of waiting time costed by
consultants with various professional titles.

To find out the influencing factors affecting whether an
order is answered, the order completion status was set as
the outcome, the other order-related attributes including
the counselees’ age group (0-19, 20-39, 40-59, and 60+),
the provision of present diagnosis, the provision of medi-
cal history, and the professional title of the consultants
were set as the exposures. Taking each order as an inde-
pendent sample, we use multivariate logistic regression
to find the independent risk factors for order completion.
Odds ratios (ORs) and 95% confidence intervals (Cls)
were calculated.

To explore the relationship between order volume and
response rate of consultants, locally weighted regression
(LOESS) was applied. LOESS is a nonparametric tech-
nique that uses local weighted regression to fit a smooth
curve through points in a scatter plot. This method was
prioritized over parametric regression approaches due to
its ability to model nonlinear and locally varying trends
without assuming a predefined global functional form,
which was essential for our exploratory analysis. The
smoothing parameter (span), determining the proportion
of data used in each local regression, was optimized with
the Generalized Cross-Validation (GCV) criterion. After
optimization, the optimal span was determined as 0.63,
which minimized the GCV score (GCV =0.13).

All statistical analyses were conducted using R (versions
3.6.3) and visualized by ggplot2 3.3.2 package [25]. A p value
less than 0.05 was considered statistically significant.

Results

Information of the counselees

There were 244,678 counselees involved in this study,
including 78,615(32.13%) males and 166,063(67.87%)
females. As illustrated in Fig. 2, the top three depart-
ments of receiving counselees were gynecology
(n=40,612, 16.60%), pediatrics (n=31,288, 12.79%) and
obstetrics (n=28,694, 11.73%), while the bottom three
were radiology (n=152, 0.06%), physical examination
(n=165, 0.07%) and cardiac surgery (n =285, 0.12%).

The median age of counselees was 29 years (IQR 24-35
years). The age showed a bimodal distribution as illustrated
by the black line in Fig. 3, with two peaks at 1 (n=9,967,
4.14%) and 30 years old (n=12,220, 5.81%). Population
over 60 years only accounted for 5.00% (1n=12,241). Pedi-
atrics was the only department with the age of counselees
centering on age 0—5, while patients of other departments
centered on age 20-39. Among all counselees, males
and females accounted for 78,615 (32.13%) and 166,063
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(67.87%). The amount of female counselees was more than
that of male in 35 departments. Irrational patients’ identities
were found, as there were 6,523 (20.85%) pediatric coun-
selees over 18 years old, and male counselees accounted
for 1.60% (1=1,466) in gynecology and 1.49% (n=1,364) in
obstetrics serving females.

Information of the consultants

This study involved a total of 5,781 consultants, includ-
ing 5,312 (91.89%) doctors, 377 (6.52%) nurses, 84 (1.45%)
pharmacists, 4 (0.07%) therapists and 4 (0.07%) techni-
cians. Since only doctors are allowed to diagnose and treat
diseases, this group accounts for 91.89% of the total. The
numbers of medical workers with senior, sub-senior, inter-
mediate and junior title were 1,083(18.73%), 1,703(29.46%),
1,903(32.92%) and 1,092(18.89%). Pediatrics (1 =512, 8.86%),
gynecology (n=438, 7.58%) and general surgery (n=371,
6.42%) were the top three departments with largest amount
of consultants (Table 2 and Fig. 4).

Information of the orders

The total number of consultations was 594,695, with
165,763 (27.87%) and 428,932 (72.13%) orders generated
by male and female respectively. Each counselee initiated
2.43 consultation orders on average. Each male initiated
2.11 orders and each female initiated 2.58 orders. The most
popular department was pediatrics (n=106,058, 17.83%),
followed by obstetrics (2=91,599, 15.40%) and gynecology
(n=91,528, 15.39%) (Fig. 5).

The numbers of orders selecting consultants with senior,
sub-senior, intermediate and junior titles were 260,444
(43.79%), 215,309 (36.20%), 91,608 (15.40%) and 27,334
(4.60%). As shown in Fig. 6, the consultation time of com-
pleted orders presented a bimodal distribution, peaking
at 10:00 (n=34,861, 8.11%) and 16:00 (1»=31,366, 7.29%).
The median of consultation time and response time were
14:00 (IQR 10:00-18:00) and 17:00 (IQR 13:00-21:00). The
response time for consultants exhibited a three-peak distri-
bution at 12:00 (n=25,170, 5.38%), 16:00 (1=28,405, 6.61%)
and 21:00 (1=28,515, 6.63%). The mean waiting time for
completed orders was 3.64 h. For junior, intermediate, sub-
senior, and senior titles, the mean waiting time were 2.24 h,
3.34 h, 345 h and 4.06 h. Comparison of different profes-
sional titles showed statistically significant difference in the
waiting time (p <0.001, Kruskal-Wallis test).

After the manual classification of 286,767 consultations
in 2020, the number of orders for first visit, re-visit, health
consultation, process consultation and irrelevant content
were 99,123 (34.57%), 128,722 (44.89%), 48,999 (17.09%),
9,294 (3.24%) and 629 (0.22%). The number of orders for
disease diagnosis and treatment reached 227,845 (79.45%).

Consultations in most departments were mainly first vis-
its and re-visits (Fig. 7). More than 50% of total consulta-
tions from 10 department were first visits, with the highest
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Fig. 2 Distribution of counselees in 44 medical departments

proportion in primary care (91.40%), pediatrics (77.38%)
and dentistry (70.54%). In addition, hematology (95.11%),
hepatology (92.82%) and otolaryngology (91.04%) ranked
top three in terms of the proportion of re-visits. There were
orders for first visits (45.89%) and re-visits (17.70%) for the
purpose of disease diagnosis and treatment present in nurs-
ing consultation. Departments with highest proportions
of health consultation were gynecology (81.66%). Besides,
departments with highest proportions of process consul-
tation were rehabilitation (41.04%). The orders of repeated
consultation accounted for 10.38% (1 =31,972) in total.

Orders completion status
The completion and incompletion rate were 72.31%
(n=430,033) and 27.69% (n=164,662) in 594,695

consultations. The response rates in 2020 were 75.40%
(n=74,738) for first visits, 74.64% (n=96,072) for re-vis-
its, 68.05% (n=33,343) for health consultation, 74.64%
(n=6,937) for process consultation and 70.75% (n=445)
for irrelevant content. Among the uncompleted orders,
75.87% (n=124,929) were due to consultant reasons, 12.45%
(n=20,507) were due to counselee reasons, and the rest
11.68% (1 =19,226) were due to system reasons (Fig. 8).

In terms of uncompleted orders due to consultant rea-
sons, “Time out with no response” (n=121,452, 73.76%)
was the most common reason, followed by “Lack of time
for response” (n=2,307, 1.40%) and “Recommended to
offline treatment” (n=1,170, 0.71%). Among the uncom-
pleted orders due to counselee reasons, “Cancellation by
counselee” (n=15,467, 9.39%) was the top one, followed
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Fig. 3 Age distribution of counselees in 44 medical departments
Table 2 The number and rate of consultants with different professional titles
Categories Title
Senior Sub-senior Intermediate Junior
Doctors 1,063 (18.39%) 1,593 (27.56%) 1,668 (28.85%) 988 (17.09%)
Nurses 8 (0.14%) 82 (1.42%) 197 (3.41%) 90 (1.56%)
Pharmacists 12 (0.21%) 27 (0.47%) 35(0.61%) 10 (0.17%)
Therapist 0(0) 0(0) 2(0.03%) 2 (0.03%)
Technicians 0(0) 1(0.02%) 1(0.02%) 2 (0.03%)
Total 1,083 (18.73%) 1,703 (29.46%) 1,903 (32.92%) 1,092 (18.89%)

by “Non-payment” (n=3,937, 2.39%), “Consulting wrong
department” (n=1,068, 0.65%) and “Improper operation”
(n=35, 0.02%). The remaining were cancelled because of
other reasons, consisting of “Other causes” (n=11,934,
7.25%), “Invalidation of medical treatment card” (n="7,256,
4.41%) and “System error” (n =36, 0.02%).

Regarding to orders with present diagnosis have a com-
pletion rate of 75.23%, compared to 70.70% when not filled.
Similarly, orders with medical history show a completion

rate of 76.08%, versus 69.39% when unfilled. Orders provid-
ing both present and past medical history achieve a slightly
higher rate of 75.26%, while those with neither drop to
69.31% (Table 3).

As shown in Table 3, the completion rates of orders
vary among different types of medical personnel. Nota-
bly, nurses exhibit the highest completion rate at 87.10%,
followed closely by pharmacists at 86.75%. Doctors have a
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completion rate of 71.85%, therapists at 76.92%, and techni-  CI: 1.09-1.13), whereas junior title consultants showed no
cians have the lowest rate at just 50% (Table 4).
Multivariate logistic regression revealed several fac- 0.97-1.04). Senior title consultants demonstrated slightly
tors associated with order completion status (Fig. 9). Male  lower odds (OR=0.77, 95% CI: 0.76—0.79) of completing
counselees (OR=0.96, 95% CI: 0.95-0.98) and Order time orders compared to junior titles, though the effect size was
(OR=0.90, 95% CI: 0.89-0.92) were associated with sta- modest.
tistically significant but clinically negligible reductions in The relation between the number of orders received by
response probability. 40—59 years had slightly higher com-  each consultant and the response rate was shown in Fig. 10.
pletion odds (OR=1.12, 95% CL 1.09-1.15), while 20-39  The colors of the dots represented the consultant frequency
years counselees showed reduced odds (OR=0.92, 95% CI:  with the same order number and response rate. The cor-
0.90-0.94). Notably, counselees providing medical history  relation between the response rate and the order volume
showed a substantially higher likelihood of order comple-  was positive when consultants received less than 78 orders.
tion (OR=2.14, 95% CL: 2.08-2.19), whereas those report- Among the consultants receiving 78-1,700 consultation
ing present diagnoses had marginally lower odds (OR=0.91,  orders, the order volume and response rate of consultants
95% CI: 0.88—0.93). Sub-senior consultants had a small yet  had no obvious correlation. For the consultants with more
significant advantage in order completion (OR=1.11, 95%

difference from the reference group (OR=1.00, 95% CL
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Fig. 5 Distribution of orders in 44 medical departments

than 1,700 consultation orders, the response rate showed a
downward trend.

Discussion

Principal findings

This study comprehensively evaluated the status of online
consultation service provided by Internet hospitals in China
from four aspects including the characteristics of coun-
selees, the service capacities of consultants, the consulta-
tion contents, and the service quality through large-scale
pooled analysis of multicenter business data. Judging from
the characteristics of the counselees, the younger age dis-
tribution indicated that the actual users of online consulta-
tions did not match the target population of elderly patients
with chronic diseases. In terms of the service capabilities of

consultants, there were consultants with different identities
other than doctors, which do not conform to the access rules
of offline consulting, introducing personnel qualification
issues. Counselees tend to consult with senior professional
titles, and have a greater demand for gynecology, obstetrics
and pediatrics, putting forward higher requirements for
the service ability of relevant consultants. The consultation
content showed that there are a large amount of orders that
do not comply with the content of chronic disease follow-
up which was regulated by the current policies in China.
From the perspective of service quality, the response rate
is relatively low with long waiting time, indicating the ser-
vice quality has not been effectively guaranteed. Providing
complete medical history information and leading the coun-
selees to consult less with senior consultants may improve
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the response rates. Resolving these issues to optimize the
benefit of online consultation remains a clinical challenge,
which should be the focus of continuous exploration in
future.

Disparity of the intended audiences and the actual users
The online consultation services were mainly designed to
service re-visit patients, particularly those with chronic

conditions. Being susceptible to chronic diseases and hav-
ing mobility constraints, the elderly should be the main
intended audiences. However, we found that the majority
of counselees were children and young adults in our study,
which is consistent with some previou research [17].

This same result indicates that the coverage of this ser-
vice for the elderly is insufficient. Due to the disparities
in digital literacy and cognitive ability [26], the elderly



Yang et al. BMC Health Services Research

(2025) 25:611

Page 11 of 18

o r Pediatrics 63,930, 22.29%
N o 1aNGsse o5 Obstetrics I 47,434, 16.54%
] 81.66% 9.90%8.047313 Gynecology [ 43,333,15.11%
EIIEZAPETY - Reproductive Medicine [ 13,808, 4.82%
i 41.82% 56.30% F Dermatology [ 12,008, 4.19%
LS, Endocrinology 0,621, 335%
PN BR[| General Surgery T 7,442, 2.6%
"z r Gastroenterology .-] 7,209, 2.51%
4] 64.61% 33.72% 8 Otorhinolaryngology [776,759,2.36%
°z r Respiratory Medicine [6,411,224%
Bie 83386 ic M Urology [15,764,2.01%
S L Infection I 5073, 1.77%
it 82,72% 62.88% F Febrile Outpatient 14,882,1.7%
N T Neurology 4,839, 1.69%
"R 62.36% 2 - Breast Surgery 774,068, 1.42%
B 2676% 17.00%  45.89% F Nursing Consultation 113,916, 1.37%
B S | Traditional Chinese Medicine { [0 3,686, 1.29%
g% 60.33% 279 Orthopedics [ 3,083, 1.08%
41.29% 53.879 Ophthalmology 172,870, 1%
86.07% Rheumatology [ 2,821,0.98%
2 71.55% Cardiology 1112,793,0.97% .
L Rehabilitation 112,595, 0.9% M it visi
Dentistry 112,566, 0.89% L Revisit
oo 3 Nephrology [712,555,0.89% . Health consultation
3 General Practice 111 2,020,0.7% B Process consultation
ko 93.95% g - Oncology [71,983, 0.69%
S Nuclear Medicine 111,944, 0.68% I trrlevant content
i 29.33% |3 Emergency 111,780, 0.62%
8 96.11% 3.26% 13 Hematology [11,747,0.61%
K 3 Z F Psychiatry 1,272, 0.44%
S i R Pharmacy 1,189, 041%
r Primary Care 814,0.28%
P 72.07% Thoracic Surgery [1777,027%
Plastic Surgery [731,0.25%
Neurosurgery 1642, 0.22%
Radiotherapy 610, 0.21%
Others 364,0.13%
Pain Management 302,0.11%
Vascular Surgery |238,0.08%
Cardiac Surgery 229, 0.08%
Hepatology 209, 0.07%
s, 53.40% XS -  Intensive Care Medicine 206, 0.07%
SPENERBERSV WX RXTE - Physical Examination 122, 0.04%
‘7 63.11% 30.33% |4 Radiology 122, 0.04%
0 25 50 75 100 0 20,000 40,000 60,000
Percentage Department Number

Fig. 7 Order types of 44 medical departments in 2020

are more likely to have trouble handling new media gad-
gets [27, 28], as well as the platforms of Internet hospi-
tals using smartphones. The complex interface designs
of many Internet hospital platforms, which prioritize
functionality over usability, exacerbate these challenges.
Current platforms rarely incorporate geriatric-friendly
features such as enlarged fonts, voice-assisted navigation,
or simplified workflows, exacerbating usability issues
[29]. Another critical factor is the relatively low recep-
tiveness of elderly to emerging technologies and novel
service models. Many elderly users, particularly those
with chronic diseases requiring complex management,
may perceive online consultations as inadequate substi-
tutes for in-person visits.

To reduce and even eliminate the “digital divide” for
the elderly, the designer of online consultation platforms
should take needs of elders into consideration. First, the
operation interface should be reformed to improve its

ease of use [30]. Feedback from the users should be ana-
lyzed to improve the using experience under full consid-
eration of their cognitive, auditory, and visual abilities
[31, 32]. Second, the compatibility of the applications
should be improved to better adapt to older devices
and operating systems. Third, the functions of real-time
tracking and collaboration among authorized family
members can be added after sufficient authorization from
the patients, so that family members can track the elders’
current consultation progress in real time, assist with rel-
evant medical information and receive medical advice
simultaneously. Family members’ involvement can not
only help the elderly to overcome operational difficulties,
but also result in greater patient-surrogate congruence
[33]. In brief, allowing the elderly to enjoy convenient
Internet medical services with simplest operation is criti-
cal for fully utilizing online consultation platforms and
developing an age-friendly smart medical system.
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Table 3 Completeness of present diagnosis and medical history vs. Consultation completion rates

Orders
Total Completion Incompletion Completion rate
Present diagnosis Filled 211,796 159,342 52,454 75.23%
Unfilled 382,899 270,691 112,208 70.70%
Medical history Filled 259,683 197,562 62,121 76.08%
Unfilled 335,012 232,471 102,541 69.39%
Both Filled 206,567 155,455 51,112 75.26%
Unfilled 329,783 228,584 101,199 69.31%
Table 4 Orders completion rates by personnel titles and types
Categories Title Total
Senior Sub-senior Intermediate Junior
Doctors 70.38% 74.54% 70.28% 69.74% 71.85%
Nurses 89.21% 87.07% 86.86% 87.13% 87.10%
Pharmacists 80.19% 92.03% 84.76% 77.05% 86.75%
Therapist - - 75.00% 77.78% 76.92%
Technicians - - 0 62.50% 50.00%

The inconformity of the account owner and the actual
patient

The appearance of adult counselees in pediatrics and
male counselees in gynecology and obstetrics indicated
that a significant amount of counselees created consul-
tation orders on behalf of other people. This constitutes
a noteworthy innovation revealed in our study, as such
proxy consultation behaviors have not been documented
in prior literature. In addition, in some departments
where a high proportion of elderly patients receive offline
services, the proportion of online patients is significantly

lower. It is also possible that there might be a discrepancy
between the account owner and the actual patient. The
inconformity of the account owner and the actual patient
may cause confusion in medical records, insurance pay-
ment problems, medical risks and other issues. For many
years, the offline healthcare has strictly enforced real-
name visits, which effectively assures the consistency of
medical records and patients [34], thus avoids the issues
of medical security, medical insurance and other related
problems. In the context of online medical services,
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Fig. 9 Forest plot of the multivariate logistic regression model
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ensuring the consistency between the account owner and
the actual patient is critical to maintaining security and
accuracy in medical data management.

Identity recognition technologies, including password
management systems, facial recognition, and even bio-
metric authentication, provide effective solutions to
address this challenge [35-37]. For example, telemedi-
cine platforms like Teladoc Health have implemented
multi-factor authentication (MFA) mechanisms to verify
user identity before granting access to sensitive medical
information. Furthermore, the integration of facial rec-
ognition technology with cloud computing has demon-
strated significant potential in enhancing the accuracy
and efficiency of medical record management [38, 39].
By leveraging cloud-based systems, healthcare providers
can automatically match medical records to the correct
patient using facial recognition algorithms.

In addition, the function of associating family members
with authorization can be established. On this scenario,
the real counselees’ identity information as well as the
associated medical records can be directly selected by
the account owner, so that the medical information can
be correctly provided and recorded. A practical example
of this is the MyChart platform [40], which enables users
to access and manage other members’ health records
through a centralized interface with role-based permis-
sions. This proxy access mechanism ensures that medical
data remains securely stored in individual accounts while
allowing authorized individuals to view or update infor-
mation as needed.

Imperfection of access rules and practice regulations for
different types of consultants

According to our analysis, even though the doctors
contributed as the main service providers in the Inter-
net hospital, a proportion of online consultations were
responded by other types of consultants including
pharmacists, nurses, therapists, and technicians. Only
qualified doctors are permitted to deliver diagnosis and
treatment services according to current policies in China.
Even other types of consultants are not permitted to pro-
vide diagnosis and treatment services, they can still pro-
vide medical advice which will also have an impact on
the counselee’s health-improvement efforts. For exam-
ple, part of the nursing consultation orders with inten-
tion seeking for diagnosis and treatment were classified
as first visit and re-visit in our study, but they were all
answered by nurses.

Therefore, the diversity of consultant for online con-
sultation brings not only potential benefits of more
pluralistic health-care services, but also risks of iatro-
genic damage caused by the absence of proper regula-
tions. The lack of appropriate access rules to guarantee
that all of the online consultation service are performed
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by qualified health-care professionals is a main policy
gap currently. The practice regulations defining the ser-
vice scope and process standards of online consultation
for different consultants should be established based
on actual demand. In some countries, associations have
already provided standard manuals of practice guidance
for medical personnel engaged in online services, with
the aim of ensuring the quality of services and the safety
of patients [41, 42]. But such efforts are lacking in China.

The imbalance of service supply and demand

Along with the fact that online consultation is more
popular among young patients, the demands of vari-
ous departments were also uneven. Our study showed
that pediatrics, obstetrics and gynecology received the
largest volume of online consultation orders, reaching
more than half of the total. Patients of internal medicine
such as cardiology, endocrinology and nephrology, are
considered to be more suitable for regular re-visits via
online medical services. However, the amounts of orders
in these departments were vanishingly small. Besides,
43.79% of the consultation orders were received by the
consultants with senior professional titles, the number
of whom accounted just for 18.37% of the total. It indi-
cated that the patients were inclined to consult medical
professionals with higher professional titles which was
consistent with their offline medical seeking behaviors
[43]. The dual pressures from both online and offline
service demands significantly exacerbate the workload
burden on senior-title providers, thereby contribut-
ing to their prolonged average waiting durations. With
the conflict of high demand and relatively low supply of
high-quality medical resources [44], medical institutes
should adjust their medical resource supply according
to the actual needs. For example, develop an intelligent
scheduling algorithm that automatically limits the con-
sultation orders waiting for senior consultants based on
three parameters: current workload (pending consulta-
tions/hour), historical response speed (average hours),
and patient satisfaction scores. Also, the algorithm could
prioritize transferring follow-up cases of chronic internal
medicine patients to specific junior consultants who are
approved by seniors and platform. These can allow exces-
sive medical demands to be reallocated among consul-
tants to alleviate the online medical pressure.

The incompatibility between the scope of practice and
actual consulting contents

As the main business of online consultation services,
online diagnosis and treatment services are only appli-
cable to the patients with diseases that have been clearly
diagnosed by medical institutions in advance and have
not significantly changed recently for safety concerns [4].
Even though this is a fundamental policy to define the
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scope of practice of online medical platforms in China,
it is quite difficult to implement in practice. To obey such
rules, the offline visit records are sometimes mandatory
formally for online consultation users. However, this kind
of formalism has several vulnerabilities. On the one hand,
some eligible patients from other medical institutions
may be banned due to the insufficient data interconnec-
tion among different hospitals. On the other hand, the
requirement of offline visit records may be unnecessary
for health and process consultation, in which the diag-
nosis and treatment process is not involved. Besides, it
is hard to ensure that the current consulting contents
are relevant with the previous offline medical records.
Even if the consultants are supposed to reject the orders
which are not considered as re-visits, it is hard for them
to differentiate the order types due to the ambiguity
and incompleteness of the provided information. Previ-
ous studies have not thoroughly explored the scope of
counsultants’ practice and the actual consulting content
they handle. Through our innovative content classifica-
tion method, the study revealed that qualified re-visits
accounted for less than half of the consultations, while
one-third were categorized as first visits, indicating a
clear mismatch between the counsultants’ scope of prac-
tice and the actual consulting contents in the platform.

To facilitate the online consultation practice for diag-
nosis and treatment, the pre-diagnostic information
should be obtained as comprehensive as possible. To
achieve such goal, the improvement of data intercon-
nection among medical institutes is necessary. Question
prompt lists may be used for better doctor-patient com-
munication. Further descriptions from the counselees
should be required if the medical records are incomplete
[45]. On this basis, the ex-ante judgment of the consul-
tation types can be made with the assistance of artificial
intelligence [46—49]. The counselees should be informed
of medical risks and recommended to offline visits if
their consultations were judged as first visits [50]. Recent
advancements in large language models (LLMs) such as
GPT-4 and Med-PaLM have demonstrated impressive
capabilities in extracting and analyzing content from
unstructured patient narratives [51]. Moreover, the scope
of application for first visits, especially in emergency situ-
ations, can be explored by further researches. Internet
hospitals might make good use of smart wearable devices
[52] to explore new fields, such as postoperative pain
management [53, 54], remote patient monitoring [55,
56], etc. During the COVID-19 pandemic, some tempo-
rary policies were issued that patients with respiratory
symptoms were encouraged to seek online consultation
even at the initial visit in China [10]. This attempt had
launched meaningful exploration for first-visit services
while more empirical studies are needed to evaluate the
potential risks and benefits.
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The insufficient service quality control for response rate
and timeliness

The user experience of online consultation service is intu-
itively associated with whether an order was promptly
responded. However, nearly one-third of online consulta-
tion orders were not completed, mainly due to the con-
sultant reasons, of which “Time-out with no response”
accounted for the majority. As the result of multivari-
ate logistic regression showed, senior professional title
was an influencing factor for order incompletion. Apart
from the imbalance of service supply and demand men-
tioned above, the lack of extra time due to massive offline
workload for senior consultants is a likely cause. Within
China’s healthcare ecosystem, these senior professionals
typically bear multifaceted responsibilities encompass-
ing clinical practice, medical education, and research
supervision. This role multiplicity creates systemic time
poverty that might compromises their energy to engage
in online consultations. Besides, the providing of medi-
cal history can significantly promote the response rates,
indicating the availability of comprehensive medical data
can enhance the consultants’ confidence in offering safe
medical services.

Additionally, an obvious time lag between the submis-
sion and response of consulting orders was observed.
Under current policies, the working time on online plat-
forms for consultants are not scheduled. Most consul-
tants respond online orders in their spare time, which
may cause potential delay of order response. This may
lead to poor user experience and risks of disease deterio-
ration especially in emergency cases.

Limitations and further directions

Our study has some limitations. First, the data were
exclusively sourced from Internet hospital platforms,
with no access to counselees’ directions offline medical
records, thereby precluding cross-validation during con-
sultation type classification. Furthermore, the medical
information provided by the counselees may be of lim-
ited relevance to their current health conditions. While
we implemented rigorous control measures in the man-
ual classification process, potential subjectivity remains
inherently inevitable. Second, due to the unavailability
of detailed medical information from doctor-patient
conversations and the absence of longitudinal follow-up
data, the service quality of online consultations could
not be comprehensively evaluated. Third, since follow-up
could not be conducted as our data were desensitized, we
couldn’t assess the long-term effectiveness and benefits
of online consultation. This limitation prevents assess-
ment of whether online consultations: (1) led to mea-
surable health improvements, (2) reduced unnecessary
offline visits through effective triage, or (3) conversely,
resulted in delayed care due to missed diagnoses or long
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waiting online. Fourth, the data in this study were gen-
erated during the outbreak of COVID-19 and might not
be representative of the condition in the post COVID-19
period. The absence of pre-pandemic baseline data and
post-pandemic comparison cohorts makes it difficult to
distinguish between transient pandemic effects and long-
term trends in the development of Internet hospitals.
Fifth, our study’s sample was exclusively sourced from a
platform developed by the affiliated company. Although
rigorous strategies were employed to enhance diversity
and representation, the dataset remains insufficient to
fully represent all Chinese Internet hospital users. Sixth,
this study is based on quantitative operational data but
lacks a multidimensional quality assessment incorpo-
rating user experience surveys and provider interviews.
Further studies should incorporate more information,
including offline medical records, online doctor-patient
conversations, tracking patient outcomes post-consulta-
tion, and conducting a comparative analysis of pre- and
post-pandemic data, in order to more precisely and com-
prehensively evaluate the effectiveness of online consul-
tations. Meanwhile, more useful experience should be
actively explored to develop specific guidelines for online
diagnosis and treatment, looking forward to promote the
safety and effectiveness of online consultation service.

Conclusion
The online consultation services on Internet hospitals
are still in the nascent stages of development with many
challenges to be solved urgently. The current platform’s
substantial number of first-visits contradicts regula-
tory guidelines restricting Internet hospitals to re-visit
patients, while the relative absence of elderly and chronic
disease patients exposes inadequate coverage of target
demographics. The lack of regulation governing prevalent
proxy consultation challenges compromises the security
and data integrity of medical. Furthermore, the coexis-
tence of multidisciplinary consultants without standard-
ized practice guidelines highlights systemic regulatory
gaps. When combined with resource allocation imbal-
ances caused by user preference toward high-demand
departments and senior professionals, this further leads
to inadequate service response rates and timeliness.
Addressing these multidimensional challenges requires
coordinated advancements in platform design, identity
authentication systems, consultant qualification proto-
cols, and intelligent resource distribution mechanisms.
Future development should focus on harmonizing tech-
nological innovation with geriatric-friendly interfaces,
establishing evidence-based standards, and introduc-
ing LLMs to ensure service quality and patient safety. By
bridging these gaps, online consultation service can max-
imize their potential in the areas of public health as well
as disease prevention and treatment.
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