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Abstract
Background: The integration of digital health technology (DHT) into chronic kidney disease (CKD) care holds transforma-
tive potential for enhancing patient self-management and slowing disease progression. Despite the growing availability of
DHT, there remains limited understanding of the factors that facilitate or hinder their adoption and use among patients with
CKD.
Objective: This study aims to identify the facilitators and barriers to the use of digital health interventions for self-manage-
ment in patients with CKD, and to provide evidence to inform the development of implementation strategies.
Methods: A systematic search was performed across 11 databases (CNKI, WanFang Data, VIP Database, Chinese Medical
Journals Database, PubMed, CINAHL, Embase, Cochrane Library, Scopus, PsycINFO, and Web of Science Core Collection)
from database inception to May 12, 2026, with reports restricted to those published in English or Chinese. Eligible studies
were required to enroll adult patients with CKD (aged ≥18 years); report facilitators, barriers, or influencing factors related to
DHT use for self-management; and use qualitative, quantitative, or mixed methods designs. Nonempirical articles, conference
abstracts, and studies without accessible full text were excluded. Two researchers (Feiyue Su and Yao Yao) independently
assessed the quality of the included studies using the Mixed Methods Appraisal Tool (MMAT). Extracted data were coded
deductively to the Consolidated Framework for Implementation Research 2.0 (CFIR 2.0) constructs using open and axial
coding; recurring themes were then synthesized into a narrative summary organized by the 5 CFIR domains.
Results: Thirteen studies (8 mixed methods, 3 quantitative, and 2 qualitative) were included, encompassing 3002 patients
with CKD across 8 countries. Of these, 9 met all applicable MMAT criteria, while the remaining 4 had methodological
limitations. In total, 19 facilitators and 15 barriers were identified and mapped to the 5 CFIR 2.0 domains. The most frequently
reported facilitators were a simple and easy-to-use user interface (9 studies, high confidence), care and support from family
members and peers (8 studies, high confidence), convenient anytime access to health information, high perceived usefulness,
personalized educational content, and continuous content updates (each reported in 5 studies, high confidence). The most
frequently reported barriers were low health literacy (6 studies, high confidence), poor economic status of patients (6 studies,
moderate confidence), and advanced age (5 studies, high confidence).
Conclusions: The use of digital health interventions for CKD self-management is influenced by multilevel factors. However,
the evidence base is limited by the predominance of mixed methods designs, the lack of longitudinal studies, and the
concentration of studies in high-income countries, which may limit the generalizability of the findings. Targeted, multilevel
strategies that address the identified facilitators and barriers are essential for enhancing effective and equitable implementation.
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Introduction
Background
Chronic kidney disease (CKD) is a complex condition
characterized by a progressive decline in kidney function. It is
associated with high prevalence, an elevated risk of compli-
cations, long-term treatment requirements, and substantial
health care costs [1]. Among all chronic diseases, CKD has
the highest disability and mortality rates and is projected to
become the fifth leading cause of death worldwide by 2040
[2]. Reducing the economic and health burden of CKD is
therefore a critical global public health priority.

Self-management in chronic disease is defined as “the
process by which patients actively adopt healthy behaviors,
systematically monitor and manage disease-related symp-
toms, and thereby mitigate the negative impact of the
disease on physiological function, psychological status, social
functioning, and interpersonal relationships” [3,4]. Research
has shown that effective self-management practices not only
alleviate clinical symptoms and adverse drug reactions but
also significantly reduce complication rates, mortality, and
hospital readmission rates. In addition, self-management
reduces patients’ economic burden, promotes physical and
mental health recovery, and ultimately improves overall
quality of life [5]. In current clinical practice, the disease
management model for CKD has gradually shifted towards a
patient-centered self-management approach [6,7]. However,
despite the well-recognized benefits of self-management,
inadequate implementation of self-management interventions
often leads to poor outcomes [8].

Technological advances have fostered the adoption of
new digital health technology (DHT). DHT is an umbrella
term that encompasses smartphone apps, wearables, online
platforms, and other digital solutions designed to promote
health and well-being or enhance the efficiency and quality
of health and social services [9]. These technologies offer
a new approach for patients with CKD to engage in self-
management and delay disease progression. Continuity of
care delivered via digital health interventions can transcend
geographical and temporal barriers, providing patients with
ongoing, professional support.

Previous systematic reviews have examined digital
health interventions for CKD self-management, but they
have predominantly focused on clinical effectiveness and
intervention outcomes rather than on the contextual deter-
minants of implementation [8,10-12]. One review limited
its scope to dietary mobile apps and nutritional indica-
tors [10]; another synthesized quantitative and qualitative
evidence on effectiveness, but did not use a standardized
implementation framework such as Consolidated Framework

for Implementation Research 2.0 (CFIR 2.0) [8]; and the
two most recent reviews narrowed their focus to medication
adherence [11] or psychological health, self-efficacy, and
quality of life [12]. None of these reviews systematically
identified and categorized the multilevel factors that influence
patients’ adoption and sustained use of DHT.

Objective
This systematic review aims to identify and categorize the
facilitators and barriers to digital health interventions for
self-management in patients with CKD using the updated
CFIR 2.0 [13], mapping these factors to the 5 CFIR domains
(innovation, outer setting, inner setting, individual character-
istics, and implementation process). The review also aims to
provide an evidence-based reference for developing targeted
strategies to enhance the implementation of digital health-
assisted self-management in CKD care.

Methods
Research Design
This systematic review was conducted and reported in
accordance with the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analysis) guidelines [14]
(Checklist 1). A mixed methods systematic review (MMSR)
approach was used to integrate evidence from quantitative,
qualitative, and mixed methods studies, thereby accommodat-
ing the methodological diversity of eligible literature [15].
CFIR is a widely used implementation framework. Although
the original 2009 version has been extensively applied, it has
recognized limitations, including construct overlap, complex-
ity, and a lack of team process elements [13,16]. The updated
CFIR 2.0 offers clearer definitions, reduced overlap, and
improved applicability, making it more suitable for multi-
level implementation analysis. The updated CFIR 2.0 was
therefore adopted to guide the data synthesis and interpre-
tation process in this review. This systematic review has
been registered with PROSPERO (International Prospective
Register of Systematic Reviews; CRD420261394369).

Research Question
The research question was structured using the Popula-
tion, Interest of phenomenon, Context, and Study design
(PICOS) framework. The target population (P) comprised
adult patients with CKD aged 18 years or older. The interest
of phenomenon (I) was barriers, facilitators, or influencing
factors related to the use of digital health interventions for
self-management. The context (Co) was patients’ use of
digital health interventions for self-management. The study
designs (S) included qualitative, quantitative, and mixed
methods studies.
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Inclusion Criteria
Studies were included if they: (a) enrolled adult patients with
CKD (aged ≥18 years); (b) reported facilitators, barriers,
or influencing factors related to the use of digital health
interventions for self-management; (c) employed qualitative,
quantitative, or mixed methods designs.
Exclusion Criteria
Studies were excluded if they: (a) lacked accessible full text
(eg, abstracts, conference papers, and unpublished literature),
even after contacting the corresponding authors; (b) were
duplicate publications or contained overlapping data; (c) were
not written in English or Chinese; or (d) were nonempiri-
cal articles such as reviews, commentaries, or theoretical
discussions.
Search Strategy
The search strategy was evaluated by an independent
reviewer (Hualian Pei) using the Peer Review of Electronic

Search Strategies (PRESS) checklist [17]. First, a preliminary
search was conducted in PubMed, and the reviewer briefly
analyzed the results to confirm the appropriateness of the
strategy. Subsequently, two researchers (Feiyue Su and Yao
Yao) performed systematic searches across Chinese databa-
ses (CNKI, WanFang, VIP Database, and Chinese Medical
Journals Database) and English-language databases (PubMed,
CINAHL, Embase, Cochrane Library, Scopus, PsycINFO,
and Web of Science), using a combination of MeSH and
free-text terms (Table 1 for a conceptual summary of the
search terms; Multimedia Appendix 1 for the complete
search strategies). The search was conducted from database
inception to 12 May 2026.

Table 1. MeSHa and free-text terms for identifying facilitators and barriers to DHT-assistedb self-management in patients with CKDc.
Population Interest of phenomenon Context Study designs

MeSH term “Renal Insufficiency, Chronic”
OR “Kidney Failure, Chronic”
OR “Renal Dialysis”

(“Telemedicine” OR “Mobile
Applications” OR “Smartphone”
OR “Computers, Handheld” OR
“Internet”) AND
(“Self-Management” OR “Self
Care”)

“Qualitative Research” OR “Cross-
Sectional Studies” OR “Randomized
Controlled Trial” OR “Controlled
Clinical Trial”

Free terms “Chronic kidney disease” OR
“CKD” OR “Renal insuffi-
ciency” OR “Kidney disease”
OR “Dialysis” OR “Hemodialy-
sis” OR “Haemodialysis” OR
“End stage renal disease” OR
“ESRDd”

“Barrier” OR “Facilitator” OR
“Challenge*” OR “Enabler”
OR “Promote”
OR “Drive” OR “Experience”
OR “Perception” OR
“Perspective” OR “Attitude”
OR “View” OR “Obstacle” OR
“Encourage” OR “Hinder” OR
“Discourage”

(“mHealthe” OR “Mobile health”
OR “eHealth” OR “Telehealth”
OR “Mobile app*” OR “Smart-
phone” OR “Health app*” OR
“Web-based” OR “Internet” OR
“Digital” OR “Digital health”)
AND
(“Self-manag*” OR “Self-care”
OR “Self monitor*” OR “Self
efficacy”)

“Qualitative” OR “Cross-sectional”
OR “Cross sectional” OR “Mixed
method” OR
“Mixed methods” OR
“Multimethod” OR “Quantitative and
qualitative” OR
“Qualitative and quantitative” OR
“Randomized controlled trial” OR
“RCTf” OR “Prospective” OR
“Cohort” OR “Longitudinal”

aMeSH: Medical Subject Headings.
bDHT: digital health technology.
cCKD: chronic kidney disease.
dESRD: end stage renal disease.
emHealth: mobile health.
fRCT: randomized controlled trial.

Studies Screening
All retrieved records were imported into EndNote (Clarivate
Analytics) for duplicate removal. Two reviewers (Feiyue Su
and Yao Yao) independently screened the titles and abstracts
of all remaining records against the predefined research
questions and exclusion criteria. Full texts of records passing
the initial screening were then independently assessed by the
same two reviewers. Prior to formal screening, a calibration
exercise was conducted on a random subset of 25 records to
align the reviewers’ understanding of the eligibility criteria.
Records classified as “uncertain” by either reviewer were
reexamined jointly. Any disagreement was resolved through
discussion; when consensus could not be reached, a third

researcher (Xiaoqi Lin) was consulted to make the final
decision on inclusion.
Studies Quality Evaluation
The methodological quality of the included studies was
assessed using the Mixed Methods Appraisal Tool (MMAT),
a validated instrument suitable for evaluating diverse study
designs [18]. In accordance with MMAT guidelines, quality
was assessed at the individual criterion level rather than
through summary scores, and studies were not excluded
on the basis of low methodological quality. When the two
researchers (Feiyue Su and Yao Yao) disagreed and could not
reach consensus through discussion, a third reviewer (Xiaoqi
Lin) was consulted, and the final decision was reached after
discussion within the research group.
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Data Extraction
From each included study, we extracted the following
information: publication year, authors, country, recruitment
setting, sample size, age, study design, and data collection
methods. For qualitative studies, we additionally extracted
thematic frameworks, descriptions of participant experien-
ces, and reported facilitators and barriers. For quantitative
studies, we extracted outcome measure definitions, statisti-
cal analyses, and narrative summaries of results. For mixed
methods studies, qualitative and quantitative data were
extracted separately.
Data Synthesis
A convergent integrated approach was used for the mixed
methods synthesis, following Joanna Briggs Institute (JBI)
guidance. Quantitative findings were transformed into
textual narrative descriptions through qualitization and then
integrated with qualitative themes for combined synthesis.
Two researchers (Feiyue Su and Qingwen Su) jointly coded
all synthesized thematic statements to CFIR 2.0 constructs
using a deductive approach; statements that could not
be mapped to a specific construct were assigned to the
most relevant domain. A third researcher (Yichao Hu) was
consulted to resolve any disagreements. All coding deci-
sions were documented and reviewed iteratively to ensure
consistency.

Assessment of Confidence in Findings
The Grading of Recommendations Assessment, Develop-
ment and Evaluations-Confidence in Evidence from Reviews
of Qualitative Research (GRADE-CERQual) approach was
applied to assess confidence in review findings. Four
components were evaluated: (1) methodological limitations of
contributing studies; (2) coherence of findings; (3) adequacy
of data; and (4) relevance to the review question. Each
finding was assigned a confidence rating (high, moderate, or
low) based on the combined assessment of these components.
Detailed assessments are presented in Multimedia Appendix
2.

Results
Studies Selection
Two researchers (Feiyue Su and Yao Yao) initially identified
1365 records based on the search strategy. After remov-
ing duplicates, 1132 records were screened based on title
and abstract, of which 1048 were excluded due to being
unrelated studies, non-original articles, or conference letters
or comments. After full-text review, 72 irrelevant studies
were excluded, while one additional study was included
through citation searching. Ultimately, 13 eligible studies
were included [19-31] (Figure 1 for details).

Figure 1. Selection process of the eligible studies.

Characteristics of the Eligible Studies
Table 2 presents the detailed characteristics of the 13 eligible
studies. The included studies were published between 2018
and 2025 across eight countries or regions, with the high-
est number of publications occurring in 2022 (n=4). Most
studies were conducted in the United Kingdom (n=3). Of the
13 studies, eight used a mixed methods design, three were
quantitative (including two cross-sectional studies and one

prospective interventional study), and two were qualitative,
with semistructured interviews as the primary data collection
method. The sample sizes ranged from 11 to 932 participants.
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Quality Assessment of the Eligible
Studies
Of the included qualitative studies, both were rated as
high quality, having met all applicable MMAT criteria.
Among the quantitative studies, one cross-sectional study
[31] was similarly rated as high quality, while the remain-
ing two quantitative studies (one cross-sectional [28] and

one prospective interventional [24]) had methodological
limitations due to flaws in measurement tools, failure to
account for confounding factors, or a lack of robust sample
representativeness. Of the eight mixed methods studies, six
[19-21,25,26,29] were rated as high quality using the same
criteria, whereas the remaining two [22,23] did not adequately
explain the divergence between the qualitative and quantita-
tive findings. Further details are presented in Table 3.

Table 3. Quality assessment of the eligible studies (n=13).
Study type
Qualitative study S1a S2b 1.1c 1.2d 1.3e 1.4f 1.5g

  Toni et al, 2021 [30] Yes Yes Yes Yes Yes Yes Yes
  Shen et al, 2022 [27] Yes Yes Yes Yes Yes Yes Yes
Prospective interventional study S1 S2 3.1h 3.2i 3.3j 3.4k 3.5l

  Cheng et al, 2023 [24] Yes Yes Yes No Yes No Yes
Cross-sectional study S1 S2 4.1m 4.2n 4.3o 4.4p 4.5q

  Bonner et al, 2018 [31] Yes Yes Yes Yes Yes Yes Yes
  Marinho et al, 2022 [28] Yes Yes Yes No Yes Yes Yes
Mixed methods research S1 S2 5.1r 5.2s 5.3t 5.4u 5.5v

  Schrauben et al, 2021 [29] Yes Yes Yes Yes Yes Yes Yes
  Zwi et al, 2022 [25] Yes Yes Yes Yes Yes Yes Yes
  Donald et al, 2022 [26] Yes Yes Yes Yes Yes Yes Yes
  Pieroni et al, 2023 [23] Yes Yes Yes Yes No Unclear Yes
  Reston et al, 2023 [22] Yes Yes Yes Yes No Unclear Yes
  Young et al, 2024 [21] Yes Yes Yes Yes Yes Yes Yes
  Sousa et al, 2024 [20] Yes Yes Yes Yes Yes Yes Yes
  Lightfoot et al, 2025 [19] Yes Yes Yes Yes Yes Yes Yes

aS1 = Is there a straightforward research question?
bS2 = Whether the collected data can answer the research question. If either S1 or S2 was rated as "no" or "unclear," the article did not need further
evaluation.
c1.1 = Whether qualitative methods were appropriate to answer the research question.
d1.2 = Whether qualitative data collection methods were adequate to answer the research question.
e1.3 = Whether the data collected are sufficient to distill the findings of the study.
f1.4 = Whether the interpretation of the results is supported by sufficient data.
g1.5 = Whether there is consistency between the source, collection, analysis, and interpretation of qualitative data.
h3.1 Whether the study subjects are representative of the target population.
i3.2 Whether the measurements of outcomes and interventions (or exposures) are appropriate.
j3.3 Whether complete outcome data are available.
k3.4 Whether confounding factors were considered in the study design and analysis.
l3.5 Whether the intervention was delivered as intended (or the exposure occurred as expected) during the study period.
m4.1 = Whether the sampling method was appropriate for answering the research question.
n4.2 = Whether the sample is representative of the target population.
o4.3 = Whether the measurement method is appropriate.
p4.4 = Whether the risk of nonresponse bias is low.
q4.5 = Whether the statistical analysis method is appropriate.
r5.1 = Whether there is sufficient justification for using a mixed methods design to address the research question.
s5.2 = Whether the different components of the study were effectively integrated to answer the research question.
t5.3 = Whether the results of both the qualitative and quantitative components are adequately explained.
u5.4 = Whether the issue of disagreement and heterogeneity between quantitative and qualitative results is adequately addressed.
v5.5 = Whether the different components of the study met the quality criteria involved in each previous routine approach.

Facilitators and Barriers to DHT-Assisted
Self-Management in Patients With CKD
In total, 19 facilitators and 15 barriers were identified and
mapped to the 5 CFIR 2.0 domains. Among the most
frequently reported facilitators were a simple and easy-to-
use user interface (9 studies, high confidence), conven-
ient anytime access to health information (5 studies, high

confidence), and personalized educational content (5 studies,
high confidence) within the innovation domain; care and
support from family members and peers (8 studies, high
confidence) within the outer setting domain; high perceived
usefulness (5 studies, high confidence) within the individual
characteristics domain; and continuous content updates (5
studies, high confidence) within the implementation process
domain. The most frequently reported barriers were low
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health literacy (6 studies, high confidence) and advanced age
(5 studies, high confidence) within the individual character-
istics domain, as well as poor economic status of patients
(6 studies, moderate confidence) within the outer setting
domain. An overview of the data synthesis, supported by

illustrative quotes, is presented in Multimedia Appendix 3.
Figure 2 provides a visual summary of the 34 synthesized
themes (19 facilitators and 15 barriers), organized by CFIR
domain, with the number of supporting studies and confi-
dence ratings for each finding.

Figure 2. Overview of barriers and facilitators. Numbers represent the number of studies contributing to each factor. Confidence ratings: •••, high;
••, moderate; •, low (based on GRADE-CERQual assessment). GRADE-CERQual: Grading of Recommendations Assessment, Development and
Evaluations-Confidence in Evidence from Reviews of Qualitative Research.

Discussion
Overview
Based on the CFIR 2.0, this study systematically identified
the facilitators and barriers of DHT-assisted self-management
in patients with CKD. To the best of our knowledge, the
application of the updated CFIR 2.0 framework to synthe-
size facilitators and barriers of digital health interventions
for CKD self-management has not been previously reported.
Through the synthesis and analysis of 13 studies involving
3002 patients, a total of 19 facilitators and 15 barriers were
identified. These findings indicate that the implementation
effectiveness of DHT for self-management in patients with
CKD is influenced by multiple factors.
Innovation Domain
The most consistently reported facilitator was a simple and
easy-to-use user interface (9 studies, high confidence) [19-
27]. For patients with CKD, who are predominantly older
adults with multiple comorbidities, age-related declines in
vision, dexterity, and cognitive function can directly affect
their ability to interact with digital tools. This is particu-
larly critical given that perceived ease of use is a strong
determinant of technology acceptance; once users encoun-
ter operational difficulties, their self-efficacy and motivation
decline rapidly [32]. An app with a simple and intuitive
interface can therefore significantly lower the entry barrier
for this population, who often lack experience with complex
software.

Convenient, anytime access to health information was
also frequently reported (5 studies, high confidence) [19,
20,22,27,30]. For patients with CKD, the ability to obtain
reliable information on demand is an important enabler

of day-to-day self-management. Personalized educational
content was similarly identified as a key facilitator (5 studies,
high confidence) [19,21,22,26,30], reflecting the need to
tailor information to patients’ CKD stage, comorbidities, and
health literacy levels.

Reminder functions (3 studies, high confidence) [19,23,
30], adding diverse functional modules (3 studies, moder-
ate confidence) [20,25,26], and learning resources available
anytime and repeatable (3 studies, moderate confidence)
[24-26] together point to a broader theme: the importance
of flexibility and adaptability in digital health tools for
CKD. Early warning and reminder functions that are easy
to implement have been shown to be of significant value for
self-management in older adults with chronic conditions [32].
In CKD, where the treatment trajectory spans many years
and involves complex medication and dietary regimens, such
tailored reminders may be especially impactful in supporting
sustained adherence.

Key barriers included poor readability of information
and system instability [22], while development by credible
institutions, such as governments or hospitals, was identified
as a facilitator. A mixed methods study among Australian
patients with CKD revealed that over 70% of Australians
wish to interact with trustworthy DHT; however, nearly
half of the health information delivered is not supported
by evidence, the deficiency that directly affects patients’
motivation to use DHT for self-management [33]. For
patients with CKD, who navigate an unpredictable disease
trajectory, heavy treatment burdens, and years of ongoing
self-management, the need is not merely for accessible
information, but for trustworthy information that is integrated
into their long-term relationship with their care team.
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Outer Setting
Family and peer support was one of the most frequently
reported facilitators (8 studies, high confidence) [19-21,23,
25,26,29,30]. In CKD, the physical and cognitive demands
of dialysis and advanced disease management often necessi-
tate substantial caregiver involvement, making family support
not just a facilitator but often a prerequisite for sustained
engagement with digital health tools. Peer support offers a
distinct advantage rooted in shared lived experience, building
trust and enabling patients to exchange practical strategies
more closely aligned with daily life [34].

Lack of internet access (4 studies, high confidence) [23,29-
31] and poor economic status (6 studies, moderate confi-
dence) [19,23,24,27-29] were reported as barriers. Although
these digital health interventions can improve access to
care, they may inadvertently widen existing health inequities.
This is particularly concerning in CKD, where the disease
disproportionately affects socioeconomically disadvantaged
populations who may already face limited digital access and
financial constraints. Systemic efforts are needed to improve
digital health accessibility, including expanding network
availability, subsidizing data plans for low-income patients,
and integrating digital health support into routine CKD care
[35].

COVID-19 was identified as a facilitator in one study (low
confidence) [24], reflecting how the pandemic accelerated
the adoption of remote communication and patient education.
This finding aligns with broader evidence that the pandemic
significantly increased digital health usage in CKD care [36,
37]. However, given that this is a single low-confidence
finding, it should be interpreted with caution and may reflect
a context-specific response rather than a sustained shift in
practice.
Inner Setting
Within the inner setting domain, provision of valuable
information and tools (2 studies, moderate confidence) [25,
29] and online medical consultation (3 studies, high con-
fidence) [26,27,30] were identified as facilitators. Patients
valued practical, actionable information and the ability to
communicate with their care team through digital platforms.
Conversely, loss of face-to-face interaction (3 studies, high
confidence) [22,29,31] was reported as a barrier. Studies
suggest that patients generally favor a combination of
telemedicine and in-person care, particularly for complex
or urgent issues [38,39], indicating that digital tools should
extend rather than replace the patient-provider relationship.

Lack of smart devices (3 studies, high confidence) [28-
30] was identified as a barrier. A cross-sectional survey of
949 patients from 21 hemodialysis centers in the United
States found that although 81% owned a smartphone or
other internet-enabled device, 19% still lacked access to such
devices [40]. These findings suggest that addressing device
shortages alone does not translate into meaningful use of
digital health resources; broader efforts are needed to ensure
equitable access and digital literacy support.

Concerns about digital health security (2 studies, moderate
confidence) [29,30] were also reported. Patients expressed
worries about constant monitoring and the confidentiality of
their health information. These concerns may be particularly
pronounced among older adults, who may already be hesitant
to adopt new technologies. Transparent data protection
policies and clear communication about how patient data are
used and secured are therefore essential to foster trust and
encourage sustained engagement with digital health tools.
Individual Characteristics
Patient-level characteristics play a critical role in digi-
tal health adoption among individuals with CKD. Higher
education level (4 studies, high confidence) [28-31], high
perceived usefulness (5 studies, high confidence) [20,24,
26,28,30], and strong self-efficacy (2 studies, moderate
confidence) [23,30] were identified as facilitators, whereas
low health literacy (6 studies, high confidence) [19,21,27,29-
31] was the most frequently reported barrier. Low health
literacy is especially consequential in CKD, where self-man-
agement demands complex knowledge of fluid and dietary
restrictions, medication regimens, and symptom monitoring.
Patients with lower health literacy tend to prioritize basic
functions (eg, disease knowledge and symptom tracking),
whereas those with higher literacy prefer more advanced
features [41]. This highlights the need for nurses to assess
patients’ health literacy before recommending digital tools
and to tailor training and support accordingly.

Advanced age (5 studies, high confidence) [24,28-31]
compounds these challenges. Older adults often experience
psychological distress when adopting new technologies—
fear of mistakes, frustration with device operation, or lack
of interpersonal interaction—which does not dissipate with
increased knowledge alone [42]. Without psychological
support and guidance, even highly educated older adults may
hesitate to engage with digital health tools. Training programs
targeting computer and internet skills can help bridge this gap
[43].

Physical limitations (3 studies, moderate confidence) [22,
24,29] and rigid behavioral habits (2 studies, moderate
confidence) [25,29] were also identified as barriers. Minority
ethnic groups (1 study, low confidence) [29] and nega-
tive associations when data are unfavorable (1 study, low
confidence) [23] were reported in single studies, suggesting
that these factors may be context-specific and require further
investigation.
Implementation Process
Within the implementation process domain, continuous
content updates (5 studies, high confidence) [19,21,25-27]
were identified as the only facilitator, as participants valued
timely, relevant information and expressed a desire for alerts
when new content became available.

Conflicts with daily routine (4 studies, high confi-
dence) [19-21,25] were a major barrier. The lives of
patients with CKD, particularly those on hemodialysis,
are highly structured by treatment schedules. Frequent and
prolonged dialysis sessions, compounded by fatigue, dietary
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management, and medication routines, leave little flexibil-
ity for additional tasks. If a DHT requires frequent opera-
tion, lengthy sessions, or delivers reminders at inappropriate
times (eg, during dialysis), it is likely to be perceived as
a burden rather than a support. This temporal constraint is
relatively unique to dialysis-dependent patients, distinguish-
ing CKD from many other chronic conditions with more
flexible treatment schedules, and underscores the need for
tools designed to accommodate fixed, demanding routines.

Poor portability of monitoring devices (1 study, low
confidence) [23] was also identified as a barrier. Bulky
equipment, complex connections, or cumbersome synchroni-
zation steps may discourage use outside the home. Streamlin-
ing device design could enhance adherence, particularly for
patients who travel or have active lifestyles.

We selected CFIR 2.0 for its comprehensive, multilevel
structure, which captures determinants across the innova-
tion, individual, organizational, and system levels—extend-
ing beyond the individual focus of frameworks such as
unified theory of acceptance and use of technology (UTAUT)
or Technology Acceptance Model (TAM). Notably, several
CFIR constructs—particularly those within the Implemen-
tation Process domain (eg, Teaming, Planning, Engaging,
Reflecting & Evaluating)—remained unpopulated in our
synthesis. This pattern reflects a gap in the current evi-
dence base: existing studies have focused predominantly on
patient- and innovation-level factors, with limited attention to
organizational and process-oriented determinants. Rather than
indicating a limitation of CFIR 2.0, this finding highlights a
critical direction for future research.
Conclusions
In summary, the factors influencing the implementation
of digital health interventions among patients with CKD
are multidimensional and complex. Guided by the CFIR
2.0 framework, this systematic review synthesized evidence
from 13 studies involving 3,002 patients and identified 19
facilitators and 15 barriers across the 5 CFIR domains.
Based on these findings and GRADE-CERQual confidence
assessments, we offer the following prioritized recommenda-
tions, graded as firm (high confidence), conditional (moderate
confidence), or suggestive (low confidence). For innovation,
developers should ensure simple, intuitive interfaces with
clear navigation and plain language (firm), provide person-
alized education and proactive reminders (firm), ensure
anytime, anywhere access to information (firm), and avoid
overly technical terminology (suggestive). For outer setting,
device and internet access should be addressed through
subsidies and WiFi support (firm), and family and peers
should be involved as co-users (firm). For inner setting,
close patient–provider communication should be maintained

via digital platforms alongside face-to-face care (firm),
with timely staff reminders (firm), adopt transparent data
policies and clear privacy assurances (conditional), and
provide subsidized or loaner devices to eligible patients
(conditional). For individual characteristics, health and digital
literacy should be assessed before tool recommendation,
with tailored training (firm); age-adapted support (firm)
and adaptive features for physical limitations (conditional)
should also be offered. For implementation process, digital
tools should align with patients’ daily routines, avoiding
demands during dialysis (firm), monitoring devices should be
portable (suggestive), and continuous content updates should
be maintained (firm). These strategies should be implemen-
ted with attention to local context and patient diversity, with
future research needed to evaluate their long-term sustainabil-
ity and real-world effectiveness.
Limitations and Future Directions
This study has several limitations. First, restricting the
search to studies published in English or Chinese may
have excluded relevant evidence reported in other languages,
introducing potential language bias. Second, although the
MMAT guidelines do not recommend excluding studies
based on quality scores, the methodological limitations of
some included studies may affect the robustness of our
conclusions. Third, most studies were conducted in high- or
upper-middle-income countries, with limited representation
from low-income settings; differences in health care systems,
policies, and digital infrastructure may limit the generalizabil-
ity of our findings. Fourth, the relatively small number of
included studies (n=13) limits the strength and generalizabil-
ity of our findings. Although the total sample across studies
was substantial (3002 patients), the predominance of mixed
methods and qualitative designs (10 of 13 studies) means that
while the evidence offers rich contextual insights, it provides
limited quantitative precision for estimating the consistency
or magnitude of these factors across different settings and
populations.

These limitations point to several directions for future
research. First, future systematic reviews should include
multilingual searches to reduce language bias and capture
a broader range of evidence. Second, more rigorous mixed
methods or longitudinal studies are needed. Third, future
research should prioritize the development and evaluation
of DHT in low-income countries and among underserved
populations to enhance the generalizability and equity of
findings. Fourth, qualitative and mixed methods studies
should incorporate implementation frameworks such as
CFIR 2.0 at the design stage to ensure that organizational
and process-level determinants are systematically captured,
addressing the gaps identified in the current literature.
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