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services for older adults: Combination with PLS-
SEM and fsQCA analysis approach
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Abstract

Background With the rapid digitalization of healthcare and an aging population, understanding the factors influ-
encing older adults’sustained adoption of Internet medical services is critical. However, existing research often
oversimplifies these factors by relying on linear models. This study integrates Partial Least Squares Structural Equation
Modeling (PLS-SEM) and fuzzy-set Qualitative Comparative Analysis (fsQCA) to explore the complex pathways driving
continued use.

Methods A survey of 1,920 older adults (60-75 years) in China assessed satisfaction, e-health literacy, self-efficacy,
social support, social influence, social participation, and willingness to use Internet medical services. PLS-SEM exam-
ined the relationships between variables, while fsSQCA identified multiple configurations leading to sustained use.

Results PLS-SEM identified satisfaction as the strongest predictor of sustained use (3=0.281, p<0.001), acting

as both a direct determinant and a mediator for e-health literacy and social participation. Social influence (3=0.189,
p <0.001) and social support (3=0.172, p<0.001) also contributed significantly. FsSQCA revealed six distinct configura-
tions, with satisfaction and e-health literacy as core conditions across most pathways.

Conclusions By integrating linear and configurational approaches, this study provides a nuanced understanding
of older adults'digital healthcare behaviors. Enhancing satisfaction, digital literacy, and social engagement is key

to fostering sustained adoption. Tailored interventions based on distinct configurations can maximize the effective-
ness of digital health programs.

Implications This research bridges gaps in understanding complex behaviors and provides actionable insights
for policymakers and healthcare providers, highlighting the critical role of digital literacy and social support.

Keywords Digital divide, Older adults, Internet medical services, PLS-SEM, Fuzzy-set qualitative comparative analysis
(fsQCA)
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million people worldwide, or approximately 13% of the
global population, are aged 60 and above [29]. According
to the Fifth China Urban and Rural Older Adults Living
Conditions Sample Survey Basic Data Bulletin, released
by the China Association of Older Adults, China’s popu-
lation aged 60 and above had reached 297 million by the
end of 2023. The acceleration of digitalization has coin-
cided with the growing trend of population aging.

As organ function declines with age, the prevalence of
various diseases increases among older adults, leading to
a rising demand for medical services. Consequently, they
represent the most significant demographic in healthcare
utilization. The 2018 Report on the Sixth National Health
Services Statistical Survey [12] indicates that 59.1% of
China’s population aged 60 and above suffer from chronic
diseases. Additionally, 23.8% have two or more chronic
conditions, while 3.8% experience moderate-to-mild
incapacitation. Although older adults constitute 17.9% of
the total population, they account for 45.3% of all medi-
cal consultations in China. The widespread adoption of
mobile health (mHealth), intelligent medical care, and
other Internet-based healthcare technologies has sig-
nificantly improved health outcomes across prevention,
treatment, and rehabilitation. These advancements offer
notable benefits in proactive health management and
precision intervention strategies.

In the complex context of digitalization and an aging
population, digital technologies inevitably pose chal-
lenges for older adults. Influenced by individual, techno-
logical, familial, social, and cultural factors, many older
adults are either reluctant to adopt digital technology or
lack the necessary conditions to use it. As a result, they
are often considered disadvantaged in the digital era and
have even labeled as "digital refugees" [16, 81]. Under
such circumstances, the digital divide among older adults
has garnered increasing attention from both society and
academia. Addressing this divide and facilitating the inte-
gration of older adults into the digital society has become
a pressing challenge in China’s modernization of social
governance. Most previous studies have relied on sym-
metry-based methods, such as multiple regression, struc-
tural equation modeling (SEM), and partial least squares
(PLS) estimation. These traditional variance-based
approaches focus on the "net effect” of predictors on an
outcome variable, often overlooking potential asymmet-
ric interactions between variables [15, 80].

However, the willingness of older adults to continue
using Internet-based medical services is influenced by
multiple interdependent factors, leading to complex
causal relationships. Traditional regression methods
have limitations in analyzing these combined effects [70].
The fuzzy-set qualitative comparative analysis (fsQCA)
method, based on Boolean algebra, offers an alternative
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approach by considering that outcomes result from
various combinations of conditions rather than a sin-
gle determining factor [40]. In the real world, expected
outcomes may be determined by a mixture of numer-
ous antecedents rather than a single entity [56]. Con-
sequently, researchers may need to identify multiple
solutions tailored to different user groups, rather than
relying on standard regression models to explain the
majority of cases. Integrating PLS-SEM with fsQCA pro-
vides unique insights into model relationships that tradi-
tional methods may overlook. Specifically, fSQCA helps
detect nonlinear patterns[52, 63] and unobserved hetero-
geneity within models [54, 64]. his method complements
PLS-SEM-based latent class analysis, which has gained
significant attention in recent years [9, 53, 61]. However,
despite the increasing research on factors influencing
the use of Internet-based medical services among older
adults, previous studies have largely focused on linear
relationships. To date, no research has combined PLS-
SEM and fsQCA to examine the continued use of Inter-
net medical services among older adults.

Building on the ternary interaction model of social
cognitive theory, this study integrates the antecedent
variables of self-efficacy, e-health literacy, social support,
social participation, social influence, and satisfaction
within a unified theoretical framework. By examining
the causal associations among these factors, the study
expands the application of social cognitive theory and
deepens the understanding of the conditions influencing
older adults’ willingness to continue using Internet-based
medical services. Furthermore, this study systematically
analyzes the driving mechanisms behind older adults’
sustained engagement with Internet medical services.
Through fsQCA analysis, it reveals the complex interplay
of antecedent conditions, complementing the findings of
SEM.

By employing both PLS-SEM and fsQCA methods,
this study identifies practical strategies for promoting the
long-term adoption of Internet medical services among
older adults. The findings emphasize the critical roles of
e-health literacy, self-efficacy, social support, and satis-
faction. Specifically, they highlight the necessity of tai-
lored educational programs to enhance e-health skills
and community-based initiatives, such as workshops, to
foster confidence and trust. Strengthening self-efficacy
through gradual exposure, a supportive environment,
and robust social networks is essential for sustained
participation. Moreover, satisfaction plays a mediating
role between e-health literacy and social participation,
underscoring the importance of user-centered service
optimization, including personalized healthcare recom-
mendations and responsive customer support. A holistic
approach that integrates community resources, family
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involvement, and policy initiatives is crucial to ensuring
equitable access to Internet-based healthcare services.
Such efforts will enhance health outcomes and improve
the overall digital healthcare experience for older adults
navigating the evolving Internet health landscape.

Theory and hypothesis

Research on internet medical services

Internet medical services are a new medical service
model that leverages Internet technology to provide
online consultations, remote diagnosis and treatment,
electronic prescriptions, and health management [32].
Existing research on Internet medical services exhibits
several key characteristics. First, studies have explored
the development and optimization of these services, pri-
marily from the perspective of service providers, includ-
ing medical personnel, hospital administrators, and
information technology specialists. These studies focus
on building indicator systems to enhance the efficiency
of Internet-based healthcare services [48, 85]. Second,
research from the demand-side perspective has examined
older adult patients in hospitals, chronic disease manage-
ment, mobile technology adoption among older adults in
community settings, and the integration of Internet ser-
vices with elderly care. These studies primarily address
individuals seeking medical care after diagnosis, those
managing chronic diseases, and older adults requiring
specialized care (N. [45, 60]).

This study specifically focuses on the utilization of
Internet health services among older adults. While
research on this topic remains limited, existing stud-
ies suggest that older adults have low awareness and
utilization of these services [41, 49, 86]. However, find-
ings on their willingness to adopt Internet medical ser-
vices remain inconsistent, as older user groups exhibit
diverse characteristics [49, 77, 83]. The factors influenc-
ing older adults’ adoption of Internet medical services
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are multifaceted, encompassing variables such as age,
geographic location, education level, family structure,
frequency of medical visits, health status, and familiar-
ity with electronic devices [19],D. [44, 79]. With the rapid
expansion of Internet medical services and the increasing
healthcare demands of the aging population, the num-
ber of older adults utilizing these services is expected to
increase significantly [35]. This study analyzes the cur-
rent state of Internet medical service utilization among
older adults and the factors influencing their adoption.
The findings will serve as a valuable reference for improv-
ing the acceptance and accessibility of Internet-based
healthcare services for this demographic.

Theoretical foundation

Social cognitive theory (SCT), proposed by psycholo-
gist Bandura, emphasizes the role of individual cogni-
tive factors in shaping human functioning. It introduces
a ternary interaction model, where the environment,
individual cognition, and individual behavior interact
dynamically (Bandura, 2002). SCT explains human func-
tioning through the principle of reciprocal determinism,
asserting that cognitive factors, behaviors, and environ-
mental influences continuously interact and shape one
another [7]. Additionally, bidirectional causal relation-
ships exist between any two of these factors (Fig. 1). Key
cognitive factors include beliefs, emotions, and percep-
tions [66]. The cognitive-related variables often focus on
self-efficacy, self-evaluation, and values [65]. Behavioral
influences stem primarily from an individual’s choice of
activities, level of effort, and persistence—factors driven
by intrinsic motivation, which, in turn, further influence
motivation [23]. Environmental influences, on the other
hand, arise from social constructs, organizational struc-
tures, and community activities [76]. Individuals adjust
their self-expectations and behavioral choices by observ-
ing and comparing their environments.

Environment

Individuals <

Fig. 1 Basic structure of the ternary interaction model

> Behavior
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SCT is now widely used in research to understand and
predict individual behavior in health-related contexts and
the adoption of new technologies [31]. This theory pro-
vides a robust framework for understanding the factors
influencing older adults’ willingness to continue using
Internet medical services. SCT emphasizes reciprocal
determinism, where behavior, individuals (self-efficacy),
and environmental factors (social support and social par-
ticipation) dynamically interact to shape behavioral out-
comes. Moreover, e-health literacy is a critical individual
factor that enhances self-efficacy by equipping users
with the skills to navigate digital medical services [58].
Self-efficacy, in turn, is a key determinant of behavioral
persistence, enabling older adults to overcome techno-
logical barriers and maintain consistent use of Internet
medical platforms [39]. Environmental factors (social
participation and support) further reinforce the process
by providing a supportive ecosystem fostering trust and
engagement [17].

Hypothesis

Behavioral factors

Satisfaction and willingness to continue use Satisfaction
is a key predictor of an individual’s intention to continue
using a service. Higher user satisfaction leads to stronger
behavioral intent, particularly in digital platforms, where
user experience plays a crucial role in continued engage-
ment[55]. Extensive research has demonstrated that sat-
isfaction significantly influences users’ willingness to
continue using various services across different contexts
[4, 43, 84]. Xiong et al. [82] investigated the factors affect-
ing the continued use of mobile government services,
emphasizing perceived quality and value. Their findings
revealed that information quality, system quality, service
quality, perceived usefulness, perceived ease of use, and
perceived interactivity positively influence users’ willing-
ness to continue using such services, mediated by satis-
faction and trust. In the context of this study, older adults
who experience higher satisfaction with Internet medical
services are less likely to discontinue their use, thereby
demonstrating a stronger willingness to continue using
these platforms.

Hypothesis 1: Satisfaction positively affects older adults’
continued use of Internet medical services.

Individual factors

Self-efficacy and e-health literacy Bandura defines self-
efficacy as an individual’s judgment of his or her ability
to organize and execute the course of action required to
accomplish a set behavioral goal [6]. The SCT views self-
efficacy as a key factor influencing behavior change and
persistence. For Internet medical services, self-efficacy
influences older adults’ ability to overcome technological
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barriers and actively engage with digital healthcare plat-
forms. Higher self-efficacy enhances their confidence,
increasing their willingness to continue using Internet
medical services [22]. Similarly, e-health literacy plays a
crucial role in shaping user experience and satisfaction.
Higher e-health literacy enhances an individual’s ability
to understand and effectively use health-related informa-
tion, thereby improving overall satisfaction [68]. Seckin
et al. [69] further validated the indirect effect of e-health
literacy on satisfaction and the intention to continue
using digital health services. Within the SCT framework,
e-health literacy strengthens users’ confidence and digi-
tal skills, leading to increased satisfaction and sustained
engagement with Internet medical services.
Hypothesis 2: Self-efficacy positively affects older
adults’ continued use of Internet medical services.

Hypothesis 3: E-health literacy has a positive effect
on satisfaction.

Hypothesis 4: E-health literacy positively affects older
adults’ continued use of Internet medical services.

Environment

Social environmental factors play an essential role in
the use of Internet medical services by older adults
[78]. SCT emphasizes the influence of environment on
behavior, and social engagement provides a supportive
environment for older adults to enhance their sense of
belonging and trust in Internet health services. Increas-
ing opportunities for interaction with others enhance
older adults’ satisfaction and willingness to continue
using Internet health services [33].

Social support Support from family, friends, and com-
munity can help individuals overcome psychological [3]
and practical barriers and increase trust and acceptance
of new technologies. A supportive environment encour-
ages behavioral persistence [46]. Social support, espe-
cially from family and friends, has been positively asso-
ciated with the adoption and continued use of Internet
medical services [67, 77].

Social influence Social influence refers to the impact
of others’ opinions or the prevailing social atmosphere
[34]. It is a key determinant in the adoption of new tech-
nologies [74] and has been widely validated in studies on
mobile health device utilization and the effectiveness of
digital health services [1, 71].

Social participation It refers to both emotional and
instrumental support that strengthens individuals’ self-
efficacy and enhances service satisfaction [11]. For older
adults, engaging in social activities reduces feelings of



Yu et al. International Journal for Equity in Health (2025) 24:71

isolation and fosters a sense of belonging, both of which
are crucial for increasing satisfaction with digital health
tools [21]. Research suggests that social participation can
indirectly influence behavioral intentions by improving
satisfaction levels [5, 42]. By providing emotional and
practical support, social participation fosters a support-
ive context that enhances satisfaction and promotes long-
term engagement with digital health services [14]. Satis-
faction, in turn, mediates the relationship between social
participation and the intention to continue using these
services.

Hypothesis 5: Social influence positively affects older
adults’ continued use of Internet medical services.

Hypothesis 6: Social support positively affects older
adults’ continued use of Internet medical services.

Hypothesis 7: Social participation has a positive effect
on satisfaction.

Hypothesis 8: Social participation positively affects
older adults’ continued use of Internet medical services.

Hypothesis 9: Satisfaction is mediated by e-health lit-
eracy and social participation in older adults’ continued
use of Internet medical services.

The conceptual framework based on the SCT is illus-
trated in Fig. 2.

Methods

PLS-SEM

The two more common types of SEM are covariance-
based SEM (CB-SEM) and principal component struc-
ture-based (PLS-SEM) [20]. CB-SEM is typically more
theory-driven and is primarily used for validation analy-
ses, making it suitable for testing well-established theo-
retical models. On the other hand, PLS-SEM is more
appropriate for exploratory models, especially in situa-
tions where theory is less developed or where the model
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is intended to explore relationships between variables
rather than confirm them. Although this study is theo-
retically grounded, no previous research has incorpo-
rated the specific variables into a single model. Therefore,
this study is considered exploratory in nature. Reliability
and correlational analyses were performed using STATA
18.0. PLS-SEM and the bootstrapping technique (re-sam-
pling=1,000) were adopted using Smart-PLS 4.

This study constructs a PLS-SEM model to examine
older adults’ willingness to continue using Internet medi-
cal services and identify the key influencing factors. The
pathway model, based on the previously outlined hypoth-
eses, is shown in Fig. 3.

Fuzzy-set qualitative comparative analysis(fsQCA)

Social phenomena and behaviors are complex and often
arise from a combination of multiple causal variables.
Analytical methods based on linear causality may not
effectively capture the mechanisms behind certain phe-
nomena or behaviors. To address this, Charles Ragin
introduced Qualitative Comparative Analysis (QCA)
in 1987, a case-study-oriented qualitative method [47].
QCA is grounded in the logic of set theory and Boolean
algebra and focuses on configurational analysis. It com-
pares the consistency and variability of multiple cases
to identify the sufficient and necessary conditions for
an outcome. This method reveals the asymmetrical
relationships between dependent and independent
variables and generates different combinations of con-
ditions that lead to a particular outcome, providing a
deeper understanding of the mechanisms underlying
complex causal relationships. For example, Venkatesh
et al. [75] used qualitative research to explore how
information and communication technologies (ICTs)
impact employee job satisfaction and performance,
revealing the underlying contextual factors. Similarly,

Social Social
E-health influence support
H4 H5 H6
H3
H9
Satisfaction H1 Willing to
continuous use
H7
HS8 H2
Social
participation Self-efficacy

Fig. 2 Hypothetical model based on the social cognitive theory
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Fig. 3 PLS-SEM model of older adults'willingness to continue using Internet medical services

Mikalef & Pateli [50] combined PLS-SEM with fsQCA
to analyze the relationship between dynamic IT-based
coping mechanisms and firms’ competitive capabili-
ties, demonstrating how fsQCA enhances the results
of PLS-SEM. Afonso et al. [2] also suggested that
fsQCA (asymmetric analysis) provides more practi-
cal insights than symmetric methods like structural
equation modeling (SEM) when exploring how motiva-
tion and involvement influence tourists’ willingness to
return to a wine region. Furthermore, Gligor & Boz-
kurt [28] showed that multivariate regression analyses
could benefit from incorporating fSQCA to improve the
explanatory power of findings in customer and brand
interactions.

Since individual factors alone may not fully explain
older adults’ willingness to continuously use Internet
medical services, and the combined effects of these fac-
tors may be necessary, we selected key factors from the
PLS-SEM model for fsQCA analysis. This approach will
help uncover the mechanisms behind the formation of
older adults’ willingness to engage with Internet medical
services. Based on the results of the fsQCA configura-
tions, we will propose an implementation program aimed
at improving the use of Internet medical services among
the elderly population.

Research design and participants

This study utilized a cross-sectional design, where par-
ticipants were asked to complete a self-administered
questionnaire that assessed e-health literacy, self-efficacy,
social support, social influence, social participation, sat-
isfaction, and willingness to continue using Internet
medical services.

A restricted random sampling method was employed
to select participants from three geographically diverse
provinces: Beijing, Hunan, and Inner Mongolia, rep-
resenting East, Central, and West China, respectively.
Within each province, two cities were randomly chosen.
In each city, three streets and three townships were ran-
domly selected to ensure comprehensive geographical
representation. A total of 18 townships (or streets) were
included in the survey. The field survey was conducted
from March to August 2023, targeting older adults aged
60-75. This sampling approach ensured a balanced geo-
graphical representation while maintaining randomness
in participant selection.

Participants were required to meet the following inclu-
sion criteria: aged between 60 and 75 years, permanent
residents of the selected area, able to engage in every-
day thinking, and with no history or family history of
mental illness. Participation in the study was voluntary.
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Individuals were excluded if they had psychiatric or psy-
chological illnesses, suffered from major illnesses with
severe conditions, or were unwilling to cooperate.

The study was approved by the Biomedical Ethics Com-
mittee of Peking University (No. IRB00001052-22147).
All participants were informed that their participation
was entirely voluntary and that they could refuse or with-
draw at any time.

Quality control included uniform training of investi-
gators before the survey; the field survey was conducted
strictly according to the survey protocol. The cooperation
of relevant local organizations and survey respondents
was fully obtained. Self-designed questionnaires were
used for data collection (Supplementary 1). For respond-
ents with lower literacy, advanced age, or impaired
hearing and vision, investigators assisted by reading the
questions aloud and helping to complete the responses.
A quality control team supervised the survey process and
reviewed the completed questionnaires. All participants
signed an informed consent form before participating in
the study.

This study distributed a total of 2,038 questionnaires.
After excluding those with issues related to age and
response logic, 1,920 valid questionnaires were obtained,
resulting in a validity rate of 94.2%.

Measures and instruments
All measurement scales were modified from reliable and
valid existing scales.

Satisfaction

Participants were asked, "How would you rate your expe-
rience with Internet medical services?" The response
scale ranged from 1 (very dissatisfied) to 10 (very
satisfied).

Table 1 Summary of variable scales
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Willingness to continue use
Participants were asked, "Are you willing to consider
using Internet medical services during your next visit?"
Responses were provided on a scale from 1 (very reluc-
tant) to 10 (very willing).

Other variable measurement scales are presented in
Table 1.

Results

Demographics of respondents

A total of 1,920 older adults aged 60-75 participated in
this study, with an average age of 67.32 years (SD =4.40).
Table 2 summarizes the demographic characteristics of
the participants. The sample was predominantly female
(54.70%) and overwhelmingly of Han ethnicity (94.20%).
More than half of the participants (51.80%) resided in
urban areas. Regarding educational attainment, 14.20%
were illiterate, 33.60% had completed primary school,
28.10% had reached middle school, and 24.10% had
attained high school education or higher.

Regarding health conditions, 34.20% reported having
no chronic diseases, while 41.10% had one chronic con-
dition, and 24.70% reported two or more chronic dis-
eases. Regarding living arrangements, 10.20% lived alone,
46.60% lived with one or two individuals, and 43.20%
lived with three or more individuals. Most participants
(87.00%) had good mobility, whereas 13.00% reported
difficulties with walking.

For sensory and coordination abilities, vision was pre-
dominantly rated as poor (68.20%), with only 0.20%
reporting good vision. Similarly, 76.80% rated their
hand-eye coordination as poor, with only 0.20% report-
ing good coordination. These findings underscore the
diverse demographic and health profiles of the older
adult population sampled in this study, providing a strong
foundation for understanding their engagement with
Internet medical services. The overall utilization rate of
Internet medical services among older adults was 37.8%,

Variables Items Choices Score Cronbach’s KMO Explained References
Alpha Variance
E-health literacy 3 “Strongly inconsistent=1" -"Strongly consistent=5"  3-15 0.767 0.767  87.62% (S.J.130))
Custom design
Self-efficacy 3 “Strongly inconsistent=1" -"Strongly consistent=5"  3-15 0912 0.751  85.06% [13]
Custom design
Social influence 4 “Strongly inconsistent=1" -"Strongly consistent=5"  3-15 0.809 0.765  63.74% (A. [36])
Custom design
Social support 4 "Helpful=1",'Not helpful=0,Impatient=—1" —-4—4  0.896 0.745  82.76% (M. A.[37])
Custom design
Social participation 4 “Never=1"-"Always=5" 4-20 0.665 0.67 49.99% [72]

Custom design
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Table 2 Demographic characteristics of participants (N=1920)
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Variable Categories Frequency Percentage %
Age (mean, SD) 67.32 (4.40)
Gender Female 1051 54.70
Ethnic Han 1808 94.20
Region Urban 994 51.80
Education lliteracy 272 14.20
Primary 646 33.60
Middle 540 28.10
High school and above 462 24.10
Number of chronic diseases 0 657 34.20
1 788 41.10
>2 475 24.70
Cohabitation Living alone 195 10.20
Living with two 895 46.60
Living with more than 3 830 43.20
Mobility Fine 1670 87.00
Problem with walking 250 13.00
Vision Good 4 0.20
General 607 31.60
Poor 1309 68.20
Hand-eye coordination Good 3 0.20
General 443 23.10
Poor 1474 76.80

Table 3 Descriptive statistics for core variables (N=1920)

Variable Mean Standard Minimum Maximum
Deviation

E-health 847 3.07 3 15
Self-efficacy 868 297 3 15

Social influence 9.26 285 3 15

Social participation 764 274 3 15

Social support 2.18 147 —4 4
Satisfaction 7.96 1.86 1 10

Willing to continuous use  6.35 2.70 1 10

Note: The satisfaction survey was conducted exclusively among older adults
who had previously used Internet medical services, with a sample size of only
725

and 16.9% could independently utilize Internet medical
services.

Descriptive statistics for variables

The descriptive results for all measures are presented
in Table 3. The mean e-health literacy score was 8.47
(SD=3.07), indicating a moderate level of e-health lit-
eracy among participants. Self-efficacy, reflecting con-
fidence in using Internet medical services, had a mean
score of 8.68 (SD=2.97), suggesting a similar moderate
capability. Social influence and social participation had

mean scores of 9.26 (SD=2.85) and 7.64 (SD=2.74),
respectively, indicating moderate to strong levels of per-
ceived peer influence and community engagement.

Social support, measured on a scale ranging from —4 to
4, had a lower mean score of 2.18 (SD=1.47), highlight-
ing variability in participants’ access to supportive rela-
tionships. Satisfaction with Internet medical services was
assessed among a subset of 725 respondents with prior
experience using such services, yielding a mean score of
7.96 (SD=1.86), indicating relatively high satisfaction
levels. The intention to continue using Internet medical
services had a mean score of 6.35 (SD=2.70), reflecting
a moderately strong willingness to adopt these services.

These findings highlight the diversity in participants’
e-health literacy, social contexts, and behavioral intentions,
providing a foundation for further exploration of the factors
influencing the sustained use of Internet medical services.

PLS-SEM

The model successfully met the criteria for composite
reliability, discriminant validity, and average variance
extracted (AVE). The factor loadings of all observed
variables exceeded 0.7 and were statistically significant
at the 0.05 level, confirming that the observed variables
effectively represent their corresponding latent con-
structs [38]. Due to space limitations, the results of the
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measurement model are provided in the Supplementary
Material (Supplementary 2, Tables 1-3), while the struc-
tural model results are presented in the main text. All
measurement instruments demonstrated strong reliabil-
ity and validity. The path results for the PLS-SEM analy-
sis are summarized in Table 4.

Direct effects
The results of the PLS-SEM analysis revealed several sig-
nificant direct effects among the variables. Specifically:

(1) E-health literacy and satisfaction

E-health literacy had a significant positive effect on sat-
isfaction (B=0.174, p<0.001), indicating that individuals
with higher e-health literacy tend to experience greater
satisfaction with Internet medical services.

(2) Satisfac2tion and willingness to continue using Inter-
net medical services

Satisfaction had the most substantial direct effect on
willingness to continue using Internet medical services
(p=0.281, p<0.001). This finding highlights satisfaction
as a critical determinant of behavioral intention in the
digital healthcare domain.

Table 4 Results of hypothesis testing
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(3) Self-efficacy and willingness to continue using Inter-
net medical services

Self-efficacy exhibited a small but significant positive
effect on willingness to use Internet medical services
(B=0.058, p=0.029). This suggests that confidence
in one’s ability to navigate medical services modestly
influences behavioral intentions.

(4)Social influence and willingness to continue using
Internet medical services

Social influence significantly affected willingness to
use (p=0.189, p<0.001), emphasizing the role of social
norms and peer influence in shaping healthcare utiliza-
tion behaviors.

(5)Social participation and satisfaction

Social participation was positively associated with
satisfaction (f=0.074, p=0.001), suggesting that active
social engagement contributes to an improved user
experience with digital medical services.

(6)Social support and willingness to continue using
Internet medical services

Hypothesis Path

Coefficient (B) Standard Error T-Statistic P-value 95% Cl (2.5%, 97.5%) EffectType Test results

H1 Satisfaction —Willingness  0.281 0.019
to continuously use

H2 Self-efficacy —Willingness  0.058 0.026
to continuously use

H3 E-health literacy —Satis-  0.174 0.024
faction

H4 E-health literacy —Willing-  0.049 0.008
ness to continuously use

H5 Social influence —Willing-  0.189 0.026
ness to continuously use

H6 Social support—Willing-  0.172 0.02
ness to continuously use

H7 Social participation— Sat-  0.074 0.023
isfaction

H8 Social participation —>Will-  0.021 0.007
ingness to continuously
use

H9 Social participation— Sat-  0.021 0.007
isfaction — Willingness
to continuously use

H9 E-health literacy — Sat- 0.049 0.008

isfaction — Willingness
to continuously use

14.438 <0.001 (0.243,0.319) Direct Support
2.189 0.029 (0.007,0.112) Direct Support
7.389 <0.001T (0.129,0.221) Direct Support
6.306 <0.001 (0.035,0.065) Total Support
7217 <0.001 (0.137,0.240) Direct Support
8.61 <0.007 (0.129,0.207) Direct Support
3.229 0.001 (0.021,0.126) Direct Support
3.136 0.002 (0.006,0.032) Total Support
3.136 0.002 (0.010,0.036) Indirect Support
6.306 <0.001 (0.034,0.064) Indirect Support
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Social support had a significant positive impact on
willingness to use (f=0.172, p<0.001), highlighting the
importance of support from family and friends in foster-
ing greater engagement with digital healthcare platforms.

Indirect effects
The mediation analysis revealed two significant indirect
effects:

(1)E-health literacy — Satisfaction — Willingness  to
continue using Internet medical services

E-health literacy indirectly influenced willingness to
continue using Internet medical services via satisfaction
(B=0.049, p<0.001). This suggests that individuals with
higher e-health literacy tend to be more satisfied with
digital healthcare services, which in turn enhances their
intention to continue using them.

(2)Social participation — Satisfaction — Willingness to
continue using Internet medical services

Social participation indirectly impacted willingness to
continue using Internet medical services through satis-
faction (p=0.021, p=0.002), indicating that active par-
ticipation in social activities enhances satisfaction, which
subsequently drives behavioral intention.

Total effects

The total effects analysis further highlighted the signifi-
cant roles of e-health literacy (p=0.049, p<0.001) and
social participation (p=0.021, p=0.002) on willingness
to continue using Internet medical services, mediated
through satisfaction. These results reinforce the central
role of satisfaction as a mediator linking multiple ante-
cedents to the intention to use Internet medical services.

fsQCA

Based on the results of the PLS-SEM model, factors such
as e-health literacy, satisfaction, self-efficacy, social influ-
ence, social participation, and social support were found
to positively impact older adults’ willingness to continue
using Internet medical services. However, the effect of

Table 5 Threshold of antecedent variables for calibration
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individual factors may not be sufficient to consistently
shape this willingness. Instead, a combination of factors
may be necessary to effectively influence sustained usage.
To further explore the formation mechanism of older
adults’ willingness to continuously use Internet medi-
cal services, a fuzzy-set qualitative comparative analysis
(fsQCA) was conducted. This approach integrates find-
ings from the PLS-SEM model, relevant literature, and
the real-world context of Internet medical service adop-
tion among older adults. The identified factors were
selected as antecedent conditions for the fsQCA analysis,
which aims to uncover configurations of conditions that
drive continued usage. Additionally, the results provide
insights for designing tailored implementation programs
for older adults. The fsQCA analysis follows several key
stages, including data calibration, necessity analysis,
truth table construction, sufficiency analysis, and inter-
pretation of solutions [57, 73]. Before conducting the
analysis, data cleaning was performed, which involved
handling missing values and outliers. Scatter plots were
used to identify extreme values, and data points that fell
outside a reasonable range were removed.

Calibration

The antecedent conditions and outcomes were trans-
formed into fuzzy set membership values ranging from
0 to 1 through a data calibration process. First, three
anchor points were identified to represent full affiliation,
fuzzy affiliation, and no affiliation. Then, the values cor-
responding to the 95% quantile, 50% quantile, and 5%
quantile of the data were selected as anchor points to cal-
ibrate the Likert scale-like data [10, 27]. The anchor point
selection table is shown in Table 5. Finally, the anchor
point values for each antecedent variable were input into
the calibrate function in the fSQCA software to perform
preliminary calibration of the data.

Necessity analysis

To identify the necessary antecedents for older adults’
continued willingness to use Internet medical services,
we conducted a necessity analysis using fsQCA software
[59]. The assessment of necessity conditions relies on two
critical indicators: consistency and coverage. These indi-
cators must be interpreted together—high consistency

Calibration Satisfaction Willing to use e-health Self-efficacy Social Social Social
literacy influence support participation

95% 10 10 15 15 15 4 14

50% 8 8 10 10 M 3

5% 5 3 3 3 6 1 4
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and high coverage indicate that the presence of a con-
dition is proportional to the presence of the outcome,
signifying a highly important necessity condition. Con-
versely, high consistency but low coverage suggests that
the condition is not a crucial necessity factor, as it does
not sufficiently explain the outcome. Previous research
has established that for a condition to be deemed nec-
essary, its consistency must exceed 0.9, and its coverage
must be greater than 0.5 (M. A. [37]).

The results showed that the consistency coefficients for
the presence and absence of the six variables included in
the analysis were below 0.9 (Table 6). The analysis results
revealed that the consistency coefficients for the presence
and absence of all six variables—e-health literacy, satis-
faction, self-efficacy, social influence, social participa-
tion, and social support—were below the 0.9 thresholds
(Table 6). This finding suggests that none of these factors
independently serve as a necessary condition for older
adults’ willingness to continue using Internet medical
services. Therefore, the study proceeded with an analysis
of the combined effects of these conditions to explore the
formation mechanisms of sustained Internet medical ser-
vice usage among older adults.

Sufficient conditions analysis

Before conducting the configuration analysis, a truth
table was constructed to classify and categorize sample
cases into different combinations of conditions (con-
figurations). In this study, six factors identified in the
PLS-SEM model were selected as antecedent condi-
tions, leading to a theoretical possibility of 2°= 64 con-
figurations [62]. The 725 sample cases were categorized
and generalized into these 64 configurations (there
were cases where there were no cases in some con-
figurations) to obtain a truth table for the configuration

Table 6 Necessary conditions for switching intention

Variable Consistency Coverage
satisfaction 0.876 0.809
~ satisfaction 0426 0.499
e-health literacy 0.742 0.760
~e-health literacy 0.578 0.603
selfefficacy 0.722 0.733
~ selfefficacy 0.598 0.629
socialinflunce 0.690 0.746
~socialinflunce 0.630 0.623
socialsupport 0.653 0.661
~socialsupport 0.577 0.609
socialparticipation 0.665 0.688
~socialparticipation 0.632 0.652

Note: " ~" indicates that the variable is absent
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analysis. According to Ragin’s study, this threshold is rec-
ommended to be set at 0.75 [18]. As the application of
fsQCA methodology in research develops, scholars grad-
ually increase the consistency threshold to 0.8 to ensure
the validity of conclusions [51]. Therefore, in this study,
the consistency threshold was set to 0.8, and the case fre-
quency threshold was set to 5.

A Boolean technique based on counterfactual analysis
was applied to simplify the truth table configurations log-
ically. This process yielded three types of solutions: com-
plex, simple, and intermediate. Conditions appearing in
both the parsimonious and intermediate solutions were
identified as core conditions, indicating a strong causal
relationship with the outcome. Conditions that appear in
the parsimonious and intermediate solutions are called
core conditions, and conditions that appear only in the
intermediate solutions are called auxiliary conditions
[25].

The simple and intermediate solutions give rise to the
notion of antecedents belonging to either core or periph-
eral [24, 27]. Core elements are causal conditions for
which the evidence indicates a strong causal relation-
ship with the outcome of interest, whereas peripheral
elements exhibit weaker causal relationships and appear
only in intermediate solutions. The intermediate solu-
tion is particularly valuable as it balances theoretical and
empirical considerations, overcoming the limitations of
both complex and parsimonious solutions. As a result,
most studies rely on intermediate solutions to analyze
how different configurations of antecedent conditions
influence the outcome variable. Core conditions typically
appear across multiple configurations, while peripheral
conditions are present in only some configurations.

Coverage and consistency statistics were used to inter-
pret the results of the fsQCA [57]. Coverage assesses
how well each solution pathway and the overall solution
explain the outcome, highlighting the empirical signifi-
cance of each configuration. Consistency, on the other
hand, measures whether a given configuration consist-
ently leads to the same outcome across different cases.
Configurations with consistency scores above 0.80 are
considered sufficient, with prior studies suggesting that
a minimum threshold of 0.75 is necessary to establish
sufficiency.

Table 7 outlines six conditional configurations related
to older adults’ willingness to continue using Internet
medical services, evaluating both coverage and consist-
ency for each configuration. In this context, consist-
ency is analogous to statistical significance, representing
the probability that a given configuration leads to the
intended outcome [8]. Prior research suggests that a
minimum consistency threshold of 0.75 is required to
establish sufficiency [26]. The results confirm that all six
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Table 7 Configurations that lead to willingness to continuously use Internet medical services
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Variance Configuration 1:  Configuration 2: Configuration 3: Configuration 4: Configuration 5: Configuration
Independent Confident Family- Socially Balanced 6:
Driver Participant Supported Connected Support Community-

Interactive

Satisfaction [ ] [ ] [ ] [ [ ] [ ]

E-health literacy [ ] [ [ ] [ ]

Self-efficacy O @) (@)

Social influence ® ® O

Social participation O O

Social support O O

Consistency 0.904 0.900 0.908 0.904 0919 0917

Raw coverage 0.440 0.580 0483 0512 0332 0.445

Unique coverage 0440 0.580 0483 0512 0332 0445

Overall solution consistency 0.881

Overall solution coverage 0.694

Note: The black circles (@) and crossed-out circles (®) indicate the presence and absence or negation of a condition, respectively. In addition, The black circles (@)
denote core conditions, hollow circles (O) denote peripheral conditions, and blank spaces indicate “do not care” conditions

configurations meet this criterion, indicating their ade-
quacy as sufficient conditions for the continued use of
Internet medical services. Coverage, on the other hand,
reflects the explanatory strength of each configuration
in accounting for the outcome. The overall coverage of
0.694 suggests that these configurations collectively cap-
ture the primary determinants of older adults’ sustained
engagement with digital healthcare services. Notably,
Configuration 2 exhibits the highest coverage, implying
that it provides the most substantial explanatory power
in understanding the factors influencing the continued
utilization of Internet medical services among older
adults.

Results of fsQCA
(1)Core and peripheral conditions

Core conditions: Satisfaction and e-health literacy
consistently appear across multiple configurations,
underscoring their fundamental role in promoting the
sustained use of Internet medical services among older
adults.

Peripheral conditions: Self-efficacy, social support,
social influence, and social participation act as contex-
tual factors that influence continued usage under specific
conditions.

(2) Configurations

1) Configuration 1: Independent driver configuration.

Solution expression: satisfaction * e-health literacy
*~social influence.

This configuration highlights the crucial role of satisfac-
tion and e-health literacy in sustaining older adults’ use
of Internet medical services while emphasizing the nega-
tive impact of social influence. Even when older adults
are satisfied with these services and possess strong digital
health literacy, negative social influences—such as skep-
ticism or discouragement from peers—can pose signifi-
cant barriers to continued use. Conversely, the absence of
such external doubts fosters a more supportive environ-
ment, reinforcing the interplay between individual readi-
ness and social context in digital health adoption.

Medical care providers and policymakers should
develop tailored communication strategies to counter
misinformation about Internet medical services. Tar-
geted educational campaigns can address common mis-
conceptions and highlight the benefits of digital health
solutions. Training initiatives that enhance digital skills
and confidence can empower older adults to engage with
Internet medical platforms effectively. In rural communi-
ties, older adults who participate in personalized digital
literacy programs tend to overcome skepticism and build
confidence, leading to sustained engagement with Inter-
net medical services.

2) Configuration 2: Confident participant configuration

Solution expression: satisfaction *
self-efficacy.

This configuration emphasizes that older adults with
high satisfaction, strong e-health literacy, and a high
level of self-efficacy are more likely to sustain their use

e-health literacy *
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of Internet medical services. Self-efficacy, or the belief in
one’s ability to navigate digital health platforms, plays a
crucial role in fostering confidence and reducing hesita-
tion. When combined with positive service experiences
and adequate digital skills, self-efficacy provides a strong
foundation for long-term engagement with Internet
medical services.

These findings highlight the need for targeted training
programs to enhance self-efficacy among older adults.
Such programs should focus on user-friendly interfaces,
interactive tutorials, and real-life success stories to build
confidence and reduce the perceived complexities of digi-
tal healthcare. For instance, a retired teacher with prior
digital experience may independently engage with Inter-
net medical services due to her confidence, demonstrat-
ing how self-efficacy can empower sustained usage.

Social participation shows varying effects on the will-
ingness to continue using Internet medical services
across different configurations. This variability can be
attributed to the strength of individuals’ social support
networks. For example, in configurations with high levels
of social support, social participation has a stronger posi-
tive impact on satisfaction, which in turn increases the
willingness to continue using Internet medical services.
However, in configurations with low social support, the
impact of social participation may be less significant, as
individuals may lack the emotional reinforcement needed
to enhance their digital health engagement.

3) Configuration 3: Family-supported configuration

Solution expression: satisfaction
social support.

This configuration highlights the critical role of family
and peer support in sustaining older adults’ use of Inter-
net medical services. When high satisfaction and strong
e-health literacy are reinforced by social support, older
adults are more likely to continue engaging with digital
healthcare platforms. Social support offers both emo-
tional reassurance and practical assistance, helping users
overcome technological challenges and build confidence
in their digital health interactions.

The findings emphasize the importance of fostering
family engagement in digital health interventions. Pro-
grams designed to educate and involve caregivers, such
as tutorials and collaborative use sessions, can strengthen
the role of family members in promoting sustained use
of Internet medical services. For instance, older adults
encouraged by their children may feel motivated to con-
tinue using Internet medical services, mainly when fam-
ily members assist with scheduling online consultations
or navigating complex healthcare systems. This syn-
ergy between individual readiness and familial support

* e-health literacy *
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ensures emotional comfort and practical efficiency, driv-
ing long-term adoption of digital health solutions.

4) Configuration 4: Socially connected configuration
Solution expression: satisfaction *
social participation.

This configuration underscores the role of social partic-
ipation in sustaining older adults’ engagement with Inter-
net medical services. When satisfaction and e-health
literacy are coupled with active involvement in commu-
nity activities or peer networks, older adults are more
likely to continue using digital healthcare platforms.
Social participation fosters knowledge exchange, rein-
forces positive perceptions, and enhances confidence in
navigating online medical services.

The results suggest promoting community-based
workshops and group activities focused on digital health
education. These initiatives enhance technical skills and
foster a supportive environment where individuals can
exchange insights and motivate each other. For example,
senior citizens attending digital health seminars often
report increased confidence in using Internet medi-
cal services. The shared learning experience and peer
encouragement foster a sense of belonging, reinforcing
their intention to continue using these services daily.

e-health literacy *

5) Configuration 5: Balanced support configuration.

Solution expression: satisfaction * self-efficacy * ~ social
influence * social support.

This configuration reveals that older adults with high
satisfaction and self-efficacy, reinforced by strong social
support, can overcome the adverse effects of social influ-
ence to sustain their use of Internet medical services.
Robust social networks provide emotional and practi-
cal assistance, while self-efficacy instills the confidence
needed to navigate digital healthcare platforms. Together,
these factors mitigate the impact of external skepticism
or discouragement, creating a balanced support system
for continued usage.

The findings highlight the importance of leveraging
trusted community networks to amplify positive nar-
ratives surrounding Internet medical services. Com-
munity health initiatives could involve local leaders or
volunteers in promoting digital health education, sharing
success stories, and building trust among older adults.
For example, community health volunteers can provide
personalized guidance to older adults with solid digital
confidence, helping them navigate healthcare systems
without being influenced by external doubts. Such initia-
tives create a supportive ecosystem that fosters long-term
engagement with Internet medical services.
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6) Configuration 6: Community-interactive configura-
tion.

Solution expression: satisfaction * self-efficacy * social
influence * social participation.

This configuration underscores the combined influence
of high satisfaction, strong self-efficacy, positive social
influence, and active social participation in driving the
sustained use of Internet medical services among older
adults. A supportive social environment, reinforced by
peer encouragement and community involvement, works
synergistically with individual confidence to create a
powerful motivation for continued usage. Positive social
influence, such as endorsements from peers or local lead-
ers, amplifies trust in these services. At the same time,
active participation in community activities provides
opportunities to learn and share experiences, further
reinforcing adoption.

These findings suggest the need for media campaigns
and community events that highlight success stories
and encourage collective engagement. For instance, sen-
ior citizens participating in health clubs often become
enthusiastic users of Internet medical services due to
peer encouragement and exposure to targeted media
campaigns. By leveraging community interactions and
fostering a culture of mutual support, such initiatives cre-
ate a dynamic and sustainable ecosystem for promoting
digital health solutions.

The findings highlight the intricate interplay of indi-
vidual and social factors in influencing older adults’
continuous use of Internet medical services. While core
variables such as satisfaction and e-health literacy are
foundational, the contextual role of peripheral factors
like self-efficacy, social participation, and social support
cannot be overlooked. Notably, negative social influence
presents a significant barrier, warranting strategies to
mitigate its impact.

(3) Merge different configurations

The merger’s logic was to categorize the six groupings
into three types based on various drivers. Individual-
driven factors, such as self-efficacy and satisfaction, con-
stitute the independent motivation-based type, whereas
social support factors, including family support and com-
munity support, define the social support type. The role
of social participation and peer interaction constitute the
community-driven type, which emphasizes the role of
collective participation as a catalyst for sustained use.

Type I: Independent motivation-based grouping

This type focuses on the individual’s internal moti-
vations and readiness to engage with Internet medical
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services, with minimal dependence on external social fac-
tors. The Independent Motivation-Based Grouping pat-
tern centers around two core conditions: satisfaction and
e-health literacy. These factors suggest that when older
adults are satisfied with their experience and possess
adequate digital health skills, they are more likely to con-
tinue using Internet medical services, provided they are
not influenced by negative social factors. The absence of
negative social influence, such as skepticism or discour-
agement from others, ensures that these intrinsic factors
can guide continued usage without external hindrances.
The Confident Participation Grouping pattern builds on
this by adding self-efficacy as a core condition, along with
satisfaction and e-health literacy. In this configuration,
older adults’ belief in their own abilities (self-efficacy),
combined with satisfaction and digital literacy, plays a
crucial role in overcoming potential barriers. The indi-
vidual’s confidence in managing digital health services
allows them to navigate challenges and continue their use
despite any possible obstacles. Both groupings emphasize
the role of intrinsic factors within the individual, such as
satisfaction, e-health literacy, and self-efficacy, in driving
sustained use.

Type II: Social support grouping pattern.

This type emphasizes the role of family and community
support in facilitating sustained use of Internet medical
services. The core conditions of the family-supportive
grouping pattern include satisfaction, e-health literacy,
and social support. In this grouping, families provide
emotional comfort and practical help and especially play
an important role in bridging the digital literacy gap. The
core conditions of the balanced, supportive grouping pat-
tern include satisfaction, self-efficacy, and social support,
while the contextual factors include a lack of negative
social influence (~social influence). A combination of
strong social networks and self-efficacy effectively coun-
teracts external skepticism and motivates older adults
to continue using Internet medical services. This type
highlights the critical role of family and social support
in sustaining older adults’ continued use of digital health
services.

Social support may play a more important role in
groups with low levels of education, as these individu-
als may need more emotional support and assistance
in learning and using Internet healthcare services. For
older adult groups with low levels of education, increased
social support and self-efficacy training can help over-
come barriers to technology use.

For older adults with low education levels, social sup-
port and self-efficacy were found to be critical in driving
their willingness to continue using Internet medical ser-
vices. This group relies more on external encouragement
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and confidence-building strategies. In contrast, for older
adults living in rural areas, social participation played a
central role in influencing their usage intentions. The
close-knit nature of rural communities and peer-led
activities enhanced trust in digital health services and
supported continued usage.

Type III: Community-driven grouping

This type focuses on social engagement and commu-
nity interaction as drivers of continued use. The core
conditions of the socially connected grouping pattern
are satisfaction, e-health literacy, and social engagement.
Social engagement provides opportunities for learning
and peer support, which increases confidence in digital
health adoption. The core conditions of the community-
interactive grouping pattern are satisfaction, self-efficacy,
social influence, and social participation. A supportive
community environment enhances social influence and
promotes the continued use of Internet health services
by older adults through collective interaction. This type
emphasizes the critical role of community and social net-
works in promoting older adults’ sustained use of Inter-
net medical services.

In rural areas, older adult groups may be more reliant
on a sense of community involvement and social network
support, and therefore, enhanced social involvement can
be effective in increasing their intent to continue using
Internet medical services. For older adult groups in rural
areas, enhanced community participation and family
support can be used to increase their intent to use.

For older adults with low education levels, strategies
should focus on enhancing social support and building
self-efficacy through personalized guidance and confi-
dence-building exercises. For rural populations, commu-
nity-driven grouping that promotes social participation,
such as neighborhood digital health workshops and peer
support groups, may be more effective in fostering long-
term engagement with Internet medical services.

Discussion
By applying SCT, his study enhances our understanding
of how personal factors (such as e-health literacy and
self-efficacy) and environmental factors (like social sup-
port, social participation, and social influence) interact
to shape older adults’ behavioral intentions regarding the
continued use of Internet medical services. This applica-
tion extends SCT, which has primarily focused on tradi-
tional health behaviors, into the realm of digital health
behaviors, a largely underexplored area in prior research.
This study combines PLS-SEM and fsQCA to develop
an analytical model that explains the causal conditions
influencing older adults’ willingness to maintain their use
of Internet-based medical services. The findings identify
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six distinct configurations that drive sustained usage,
underscoring the complexity of the factors that influence
behavior. By analyzing these configurations, the study
offers a systematic framework that not only enhances our
understanding of how older adults adopt and continue
using Internet medical services, but also provides action-
able recommendations for health management interven-
tions. These recommendations highlight the importance
of considering multi-condition combinations to address
the diverse needs of older adults.

The results indicate that satisfaction is the core fac-
tor influencing the sustained use of Internet medical ser-
vices. This finding calls for user-centered service design,
strongly emphasizing improving satisfaction to drive
adoption and retention. The roles of e-health literacy and
social participation are also critical, as they significantly
impact user satisfaction. This suggests that interventions
focused on improving e-health literacy and promoting
social engagement can amplify these effects. In particu-
lar, fostering social support and leveraging community
networks can enhance satisfaction, ensuring long-term
service use.

Implication

Based on the results from both PLS-SEM and fsQCA,
this study identifies several practical strategies that can
help promote the long-term adoption of Internet medical
services among older adults. These findings have impor-
tant implications for both policy and practice.

The study emphasizes the importance of e-health liter-
acy as a key factor in encouraging older adults to engage
with Internet medical services. Simply providing infor-
mation is not enough; older adults must be equipped
with the skills to navigate these services independently.
Tailored educational programs focused on Internet skills
and easy-to-use service interfaces are critical to improv-
ing accessibility. Community-based initiatives such as
e-health literacy workshops or online health tutorials can
ensure that older adults are confident using digital tools.
Also, fostering trust through initiatives like sharing suc-
cess stories and targeted outreach can motivate those
hesitant to embrace digital healthcare.

The study underscores the role of self-efficacy, which
is an individual’s confidence in their ability to use digital
tools, as a crucial driver of continued use. Building self-
efficacy and providing social support from family and
community networks are integral components of encour-
aging long-term engagement. Gradual exposure and pos-
itive reinforcement can help build confidence. Resources
like step-by-step guides, instructional videos, and per-
sonalized support can facilitate this process. In addition,
social support from family and community networks
plays a crucial role in sustaining engagement. Family
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members can provide essential guidance and encourage-
ment, while community-based programs such as peer-
led seminars or family-involved health management
activities create an environment that supports ongoing
usage. Older adults more socially active and supported by
robust networks are more likely to remain engaged with
these services.

The study also highlights the critical role of satisfac-
tion in driving the continued use of Internet medical ser-
vices. Satisfaction mediates the relationship between
e-health literacy and social participation, making it a
key factor in ensuring ongoing adoption. A positive
user experience is not limited to improving the inter-
face or usability of digital platforms. Personalizing the
service through customized healthcare recommenda-
tions, user-specific reminders, and responsive customer
service is essential. Policymakers and healthcare provid-
ers must prioritize service optimization to ensure older
adults receive the personalized, timely, and accessible
care they need.

In summary, the findings suggest a holistic approach
is necessary to promote sustained engagement with
Internet medical services among older adults. Policies
should integrate community resources, family support,
and e-health literacy initiatives into a comprehensive
framework. This approach will ensure equitable access
to digital healthcare, accommodating the varying levels
of digital skills, social participation, and health needs
among older adults. By aligning these efforts, healthcare
providers and policymakers can help older adults navi-
gate the digital health landscape more effectively, ulti-
mately improving their health outcomes and quality of
life.

Limitation
(1) Sample diversity and generalizability

The sample used in this study, though diverse in terms
of geographic regions within China, was limited in demo-
graphic variety, which may affect the generalizability of
the findings. Future research should incorporate broader
demographic and geographic samples to validate the
identified configurations and ensure the applicability of
the results across different older adult populations.

Although the sample used this study involved mul-
tiple regions, it was relatively homogeneous in terms
of ethnicity and e-health literacy distribution. Most of
the respondents were Han, and most had a moderate
e-health literacy level, potentially limiting the generaliz-
ability of the findings across different groups, especially
ethnic minorities and low e-health literacy groups. To
address this, future research should incorporate a more
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diverse sample that includes a wider age range, a variety
of ethnic groups, and a broader distribution of e-health
literacy levels. Moreover, expanding the geographic scope
to include both urban and rural areas, and adopting a
multi-stage stratified random sampling method, could
enhance the representativeness of the sample. This would
allow the findings to be more applicable to older adults
from various backgrounds, particularly ethnic minorities
and those with lower e-health literacy.

(2) Cross-sectional design

The cross-sectional design of this study limits the abil-
ity to draw causal inferences about the relationships
between variables. While PLS-SEM and fsQCA provide
robust analytical frameworks, the study cannot fully
explore how factors like satisfaction, e-health literacy,
self-efficacy, and social support evolve over time and
influence the sustained use of Internet medical services.
Longitudinal studies would be essential to examine the
dynamic changes in these factors and their long-term
effects on older adults’ continued engagement with digi-
tal health platforms.

(3) Measurement simplification

To accommodate older adult participants, simplified
measurement tools were employed for variables such as
e-health literacy and self-efficacy. While this approach
enhanced response accuracy, it may have underrep-
resented nuanced aspects of these constructs. Future
research could refine measurement instruments to cap-
ture a more comprehensive understanding of the factors
influencing digital healthcare adoption.

Conclusion

This study provides valuable insights into the factors
influencing older adults’ sustained use of Internet medi-
cal services, revealing the complex and asymmetric
relationships between antecedent conditions and behav-
ioral intentions. By combining PLS-SEM and fsQCA, this
research is the first to explore the daily use of these ser-
vices among older adults, revealing that multiple, equally
valid combinations of factors, such as e-health literacy,
satisfaction, self-efficacy, social support, and social par-
ticipation, can drive their willingness to engage with
Internet medical services. The findings challenge tradi-
tional linear models, demonstrating that the presence or
absence of the same antecedents can lead to different out-
comes depending on how they interact, thus highlighting
the need for a more nuanced, asymmetric approach to
promoting Internet medical services for older adults.
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In light of these findings, policymakers and health-
care providers should adopt a multi-faceted approach
to enhance the adoption of digital health among older
adults. Strategies should focus on improving e-health
literacy, offering gradual exposure to technology to
build self-efficacy, and leveraging social support net-
works, especially family and community, to help older
adults navigate Internet medical services. Moreover,
ensuring a high-quality user experience that is respon-
sive, personalized, and easy to navigate will be critical
in maintaining their engagement. Implementing these
strategies will improve older adults’ confidence and sat-
isfaction with Internet medical services and contribute to
better health outcomes, ensuring equitable access to digi-
tal healthcare for this vulnerable population.
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