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Chronic kidney disease is one of the main causes of mortality worldwide. It affects more than 800 million patients
globally, accounting for approximately 10% of the general population. The significant burden of the disease prompts
healthcare systems to implement adequate preventive and therapeutic measures. This systematic review and me-
ta-analysis aimed to provide a concise summary of the findings published in the existing body of research about the
influence that mobile health technology has on the outcomes of patients with the disease. A comprehensive system-
atic literature review was conducted from inception until March 1%, 2023. This systematic review and meta-analysis
included all clinical trials that compared the efficacy of mobile app-based educational programs to that of more
conventional educational treatment for the patients. Eleven papers were included in the current analysis, representing
759 CKD patients. 381 patients were randomly assigned to use the mobile apps, while 378 individuals were assigned
to the control group. The mean systolic blood pressure was considerably lower in the mobile app group (MD -4.86;
95%-9.60, -0.13; p=0.04). Meanwhile, the mean level of satisfaction among patients who used the mobile app was
considerably greater (MD 0.75; 95% CI 0.03, 1.46; p=0.04). Additionally, the mean self-management scores in the
mobile app groups were significantly higher (SMD 0.534; 95% CI0.201, 0.867; p=0.002). Mobile health applications
are potentially valuable interventions for patients. This technology improved the self-management of the disease,
reducing the mean levels of systolic blood pressure with a high degree of patient satisfaction.

chronic kidney disease, meta-analysis, mobile health apps, self-management

CKD: Chronic Kidney Disease, RCT: Randomized Controlled Trial, SBP: Systolic Blood
Pressure, DBP: Diastolic Blood Pressure, NIH: National Institute of Health, SIGLE: System for Information on Grey
Literature in Europe, VHL: Virtual Health Library, NYAM: New York Academy of Medicine, ICTRP: International
Clinical Trials Registry Platform

INTRODUCTION

Chronic kidney disease, often known as CKD, is one of the main
causes of mortality worldwide. It affects approximately 800 million
patients globally, accounting for approximately 10% of the general
population. The increase in the incidence of CKD can be linked
to the rise in the prevalence of health conditions related to CKD,
including being overweight or obese, getting older, developing di-
abetes, or having high blood pressure [1]. Additionally, end-stage

renal disease caused by CKD requires dialysis treatment, which
is extremely expensive. The financial burden of CKD costs the
healthcare systems more than 3% of annual health expenditures.
This burden is considerably more critical in developing countries
due to additional poverty and poor infrastructures [2, 3]. The sig-
nificant burden of CKD prompts healthcare systems to implement
adequate preventive and therapeutic measures [4, 5]. Managing
CKD is challenging, including early prevention, timely diagnosis,
efficient therapy, and continuous monitoring [6]. Notably, CKD
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has an indolent course and is usually associated with multiple co-
morbidities and poor prognosis. In order to provide treatment for
patients with CKD, a multidisciplinary team consisting of medical
doctors, researchers, and engineers is required. Individuals who
suffer from CKD have poor awareness and a restricted compre-
hension of the progression of the disease [7].

Mobile health technology is an evolving approach to caring
for patients with chronic disorders. Tablets, cell phones, and web-
based portals are all examples of mobile devices that can be used
to access this technology. Mobile health technologies promote
communication between patients and their healthcare profession-
als, making it easier for patients to monitor their health at home
and allowing for earlier diagnosis of any deterioration in their con-
dition [8, 9]. Healthcare mobile applications generating person-
al health records may decrease the problems related to primary
healthcare at remote extinctions. Given the complexity of deliv-
ering effective healthcare services, patients with CKD will likely
benefit from real-time, personalized, interactive mobile healthcare
applications. However, developing these applications is complex,
and choosing the most useful application can be overwhelming for
patients [10, 11]. Accurate knowledge and monitoring of CKD
have an essential role in self~-management. Slowing the progression
of CKD necessitates significant personal involvement. Patients
face complex recommendations on lifestyle modification, adher-
ence to medications, and nutritional guidelines [12]. Traditional
educational methods remained limited, with a short-term increase
in disease knowledge [13-15]. This brought to light the importance
of developing innovative methods to slow down the advancement
of the disease. There has been limited research in the field regard-
ing the effectiveness of mobile health education in improving un-
derstanding and self-care among individuals with chronic kidney
disease. Therefore, further research in this area is warranted. This
is attributable to the insufficient number of well-structured clinical
studies that evaluated these outcomes. This information could be
useful for patients with CKD in various ways, including disease
monitoring, interpreting the effects of at-home treatments, main-
taining complex prescription regimens, and adhering to food and
hydration recommendations [16]. Herein, the purpose of this re-
view was to compile information from the published literature on
how mHealth solutions affect CKD patients' awareness, manage-
ment, and outcomes.

MATERIAL AND METHODS

This meta-analysis was conducted in accordance with the
PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) [17] and Cochrane [18] criteria (Supplementary
Table 1).

Data Source

A comprehensive systematic literature review was conducted
from the beginning of the study until its completion on March
1, 2023, using the following databases: PubMed, Google Scholar,
Web of Science (ISI), Scopus, System for Information on Grey Lit-
erature in Europe (SIGLE), Virtual Health Library (VHL), New
York Academy of Medicine (NYAM), Clinical trials, Controlled
Trials mRCT), EMBASE, Cochrane Collaboration, and WHO
International Clinical Trials Registry Platform (ICTRP). This re-
view covered the period from the study. No limitations were placed

on the patients regarding their age, gender, ethnicity, language,
race, or location.

The search methodology employed controlled vocabulary terms
within the parameters of the searched databases. Medical subject
headings in conjunction with text words were employed to ensure
that a comprehensive selection of articles was examined. A manual
search was conducted, including all relevant references from the
retrieved articles. The approach of cross-referencing was utilized
until it was determined that there was no other pertinent research.
The following phrases served as inspiration for each possible com-
bination: “Chronic”, “Kidney”, “renal”, “CKD”, “Dialysis”,
“Mobile”, “m-health”, “mhealth”, “smartphone”, “smartphone”,
“tablet”.

Eligibility criteria

This systematic review and meta-analysis included all clini-
cal studies that compared the efficacy of educational programs
delivered via mobile applications to conventional educational
treatments for patients with chronic renal disease. We excluded
research for which data extraction was not feasible, studies con-
ducted on animals, reviews, case reports, guidelines, letters, ed-
itorials, posters, comments, or book chapters. Articles without a
comparison group were disregarded. Two independent review-
ers conducted the initial screenings, and any discrepancies were
resolved through discussion. The PRISMA Flowchart illustrates
the reasons for study exclusions and the screening processes.

Data extraction

Information regarding the characteristics of the included
studies, such as titles, authors, publication years, registration
numbers, study designs, time frames, and locations, was extract-
ed from the relevant articles. Patients' age, gender, race, marital
status, level of education, annual income, and number of co-
morbidities were among the demographic information collected
at baseline. Data related to CKD included stage, duration of ill-
ness, and results of renal function tests. In addition, data related
to mobile applications were extracted, including the operating
system, duration of sessions, type of mobile app use, and fea-
tures. Variables associated with the outcomes of interest were
also reviewed, including the burden of kidney disease, renal
function test results, medication adherence, patient satisfaction,
self-management of CKD, body weight, and blood pressure.

Risk of bias and quality assessment

The risk of bias in the included randomized controlled trials
(RCTs) was assessed using the methodology developed by the
Cochrane Collaboration [19]. For observational studies, their
quality was evaluated using a method established by the Nation-
al Institutes of Health (NIH) [20].

Statistical analysis

In studies involving continuous variables, researchers com-
monly employ either the weighted mean difference (WMD) or
the standardized mean difference (SMD). To convert data origi-
nally presented as a median and range into a mean and standard
deviation (SD), the formulas developed by Hozo et al. [21] were
applied. When a consistent effect size was observed across the
population, the fixed-effect model was used; otherwise, the ran-
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dom-effects model was applied. The statistical homogeneity of
the data was determined by utilizing the Higgins I2 statistic, with
a value of more than fifty percent, and the Cochrane Q) (Chi2
test), with a value of less than ten percent [22]. Data analysis
was performed using Review Manager, version 5.4 {23, 24], and
significance was determined when the p-value was less than 0.05.

RESULTS

A comprehensive search of the available literature turned up
a total of 324 different papers. Following the title and abstract
screening process, 300 research papers were identified as eligible,
and 24 were excluded. The preliminary review identified thirty
publications that should proceed to the full-text screening phase.
There were 14 publications considered for inclusion in the data
extraction process, but only 12 were used. Throughout the man-
ual search, one article was located, which led to the discovery of
eleven publications suitable for systematic review and meta-anal-
ysis. The search strategies employed for the databases are out-
lined in Supplementary Table 2, and the screening procedures
are illustrated in the PRISMA flowchart (Figure 1).

Demographic characteristics

The present meta-analysis included eleven articles, encompass-
ing 759 patients with CKD [25-35]. Of them, 381 patients were
in the mobile applications group, while 378 patients were in the
control group. Five of the included articles were designed as ran-
domized controlled trials (RC'Ts), while the rest followed an obser-
vational design. The average age of the included patients ranged
from 43 to 64.7 years. There were 221 females and 58 non-black
patients. There were 87 patients with a high-school education, and
76 had a college degree. Of the included patients, 87 and 12 had
full-time and part-time employment statuses, respectively (Table 1).

There were 315 patients with hypertension. Diabetes melli-
tus was encountered among 136 patients, whereas cardiovascu-
lar diseases and dyslipidemia were revealed among 50 and 12
patients. The average baseline glumerular filtration rate (GFR)
ranged from 64.27 to 76.2 ml/min/1.73m?2 (Table 2).

Risk of bias and quality assessment

The potential for bias in the included RCTs was assessed. All
of the included investigations, except for Diamantidis et al., 2015

Figure 1. The PRISMA flowchart
- of this study
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Figure 2. Risk of Bias and
Quality Assessment

[26], demonstrated a low risk of bias in producing random se-
quences [28, 31, 32, 34]. All of the publications [26, 28, 31,
32, 34] demonstrated a low risk of performance bias, and three
studies [31, 32, 34] found a low risk of allocation concealment
bias. There was a high risk of attribution bias in three papers
[28, 31, 34] and a high risk of detection bias in two articles [28,
31]. The selected observational studies all showed a high qual-
ity [25, 29, 30, 33, 35], except for Ellis et al. [27], which only
demonstrated a moderate quality (Figure 2 A-B and Table 2,
respectively).

Study endpoints

Glomerular filtration

Three articles included 399 patients with CKD and evaluat-
ed the impact of mobile health applications on the mean values
of glomerular filtration rate. Using the random-effects model
(I2=65%, p=0.06), the study found that there was no significant
difference between the groups that used the mobile application

and those that did not (SMD 0.19; 95% -0.17, 0.56; p=0.30)
(Figure 3A).

Serum phosphate

Three studies included 207 patients and assessed the mean
serum phosphate levels difference between the mobile applica-
tion and control groups [30, 33, 34]. Based on a random-effects
model (I12=1.82%, p=0.32), there was no significant difference
between the mobile app and control groups (SMD -0.193; 95%
-0.493, 0.108; p=0.209) (Figure 3B).

Serum calcium

The difference in mean serum calcium levels between the
mobile application and control groups was revealed in two ar-
ticles following 62 patients with CKD [30, 34]. When compar-
ing patients who used the mobile app to those who did not, the
random-effects model found no difference (SMD -0.193; 95%
-0.493, 0.108; p=0.209) (Figure 3C).
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Figure 3. Study endpoints, including (A) glomerular filtration rate, (B) serum phosphate, (C) serum calcium, (D) body weight, (E) systolic
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Figure 4. Study endpoints, including (A) medication adherence, (B) the burden of kidney disease, (C) patient satisfaction, and (D) self-man-

agement

Body weight (median difference: -2.12; 95% confidence interval: -5.35, 1.10;
p=0.20) (Figures 3E and 3F).

The difference in body weight between the mobile application
and control group among patients with CKD was reported in
two articles, including 81 patients [25, 31]. There was no statis-

tically significant difference between the two groups according

Medication adherence

The difference in medication adherence between the mobile

to the random-effects model (12=0%, p=0.77) (SMD=0.02; 95%
-0.42, 0.45; p=0.94) (Figure 3D).

Blood pressure

The influence of mobile applications on the average levels of
systolic blood pressure (SBP) and diastolic blood pressure (DBP)
in 155 patients with chronic kidney disease was evaluated in
three articles [25, 32, 33]. There was a statistically significantly
lower mean SBP (MD -4.86; 95% -9.60, -0.13; p=0.04) among
patients in the mobile application group relative to the control
group. Furthermore, there was not a statistically significant dif-
ference between either group in terms of the mean levels of DBP

application and the control groups was evaluated in three studies
involving a total of 342 patients diagnosed with CKD [27, 28,
35]. The random-effects model showed no significant difference
between the two groups (standard mean difference=-0.02; 95%
confidence interval=-0.23, 0.19; p=0.85) (Figure 4A).

The burden of kidney disease

The effects of mobile applications on the burden of chronic
renal disease were investigated in two trials with 67 patients di-
agnosed with CKD [29, 31]. The random-effects model showed
that there was no significant difference between the mobile appli-
cation group and the control group (SMD 0.04; 95% -0.44, 0.52;
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p=0.86) There was no significant difference between the mobile
application group and the control group (Figure 4B).

Patient satisfaction

Three studies included 87 patients with CKD and evaluated
the mean levels of patients’ satisfaction between mobile applica-
tions and control groups [26, 29, 31]. Patients in the mobile ap-
plication group revealed a statistically significantly higher mean
level of satisfaction, in contrast to patients in the control group
MD 0.75; 95% 0.03, 1.46; p=0.04) in the fixed-effect model
(I12=38%, p=0.20) (Figure 4C).

Self-management

In two separate studies [32, 34], 144 CKD patients were
included in an analysis comparing self-management levels be-
tween those using the mobile application and the control group.
When the data were combined using the random-effects model
(I2=38%, p=0.20), it was revealed that the mobile application
group had significantly higher mean levels of self~-management
(SMD 0.534; 95% CI 0.201, 0.867; p=0.002) compared to the
fixed-effect model (12=0%, p=0.358) (Figure 4D).

DISCUSSION

Over the past century, there has been a significant transfor-
mation in the delivery of care for individuals with CKD. The
traditional provider-centered approach has been replaced by a
patient-centered framework, leading to increased patient en-
gagement in the decision-making process and the evolution
of technologies to support the self-management of CKD [36].
The adverse events associated with uncontrolled CKD under-
score the necessity for customized digital tools to safeguard pa-
tients [37]. The usability and effectiveness of mobile applica-
tions have been revealed for different chronic diseases [38-40].
However, the available literature regarding the efficacy and us-
ability of mobile applications for managing patients with CKD
needs to be more conclusive. As a result, this meta-analysis was
carried out to draw definitive evidence from the existing body
of research about the impact that mobile health applications
have on CKD outcomes. The present meta-analysis revealed
the acceptability and feasibility of mobile health applications
for managing patients with CKD. Mobile applications consid-
erably improved the self-management of CKD with favorable
SBP and patient satisfaction outcomes. However, mobile health
applications had no significant impact on renal function tests,
medication adherence, and the burden of kidney disease.

Mobile applications offer an effective means of providing
care to patients with CKD. In line with this finding, Stahr et al.,
2022, revealed that smartphone applications improve the un-
derstanding of chronic disorders with significant enhancement
of self-management [41]. Mobile health applications offer an
individualized system for patients with chronic diseases. The
applications provide measures to increase the knowledge and
understanding of the disease progression and opportunities
for effective and timely management [42]. Contrary to these
findings, Virella Pérez et al., revealed limited effectiveness of
mhealth apps for managing adults with chronic disorders [43].
The effectiveness of mhealth apps is attributable to many fac-
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tors. This included easy integration into daily life, tailoring the
applications to the target patients, and adequate training of pa-
tients. The educational programs provided by the applications
improve the relationship between the patients and the disease,
increasing the effectiveness of mobile health educational pro-
grams [9, 44, 45].

In the present meta-analysis, mobile health applications had
a significant impact on SBP. In this respect, Li et al. revealed
the efficacy of mobile health applications for controlling blood
pressure. This was accomplished with significant improvement
in self~-management and medication adherence [46]. Khoong
et al. (2021) revealed the effectiveness of mobile technology in
managing elevated blood pressure among the vulnerable pop-
ulation [47].

Dietary mobile health applications can be used as a comple-
ment to nutrition screening practice. This technology can help
dietitians mitigate nutritional problems in patients with chronic
diseases. This reduces the reliance on traditional dietary con-
trol methods [48]. Paradoxically, the present meta-analysis
revealed non-significant changes in nutrient intake, including
serum calcium and phosphate. Furthermore, mobile health ap-
plications had no significant impact on renal functions, body
weight, and the burden of kidney disease. These findings were
consistent with Campbell ¢t al. [49]. They reported that dietary
mobile applications have no substantial effects on biochemical
parameters, nutrient intake, or weight gain in patients with CK.
Moreover, Russell et al. [50] reported that none of the avail-
able dietary applications were based on nutritional guidelines
for CKD management. The shortcomings of these applications
included the requirement of a high educational level, lack of
privacy, insecurity, limited interactive features, barriers to us-
ability, and inaccurate information. These issues can lead to
increased patient involvement in managing their illness, which
can amplify the perceived severity of the disease and negatively
impact their quality of life [51, 52]. New strategies are needed
to enhance the engagement of patients with CKD in healthcare
mobile application systems.

This meta-analysis collected contentious information ad-
dressing the influence that mobile health applications have
on the outcomes of CKD patients. On the other hand, while
evaluating the results of the investigation, some caveats need
to be taken into account. Although five randomized controlled
trials were included in this meta-analysis, most of the studies
used observational methods. This demonstrated that there was
a potential danger of selection bias. Furthermore, there was
noticeable heterogeneity among the studies, likely due to vari-
ations in study design, mobile applications used, demographic
factors, and research outcomes. To address these shortcomings,
future research should involve more RCTs with larger sample
sizes and longer follow-up periods.

CONCLUSION

Mobile health applications are potentially valuable interven-
tions for patients with chronic kidney disease. This technology
improved the self-management of the disease, reducing the mean
levels of systolic blood pressure with a high degree of patient
satisfaction. Implementing mobile health applications improves
healthcare quality for patients with chronic kidney disease by
providing an accessible, feasible, and effective self-management
intervention.
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