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Objectives: To identify the effects of a mobile-app-based self-management program for elderly hemodialysis patients on
their sick-role behavior, basic psychological needs, and self-efficacy. Methods: A nonequivalent control group with a non-
synchronized design was utilized, and 60 participants (30 in each of the experimental and control groups) were recruited
from Chungnam National University Hospital from March to August 2018. The program consisted of continuous training on
how to use the mobile-app, self-checking via the app, message transfer through Electronic Medical Records, and feedback.
The control group received the usual care. Data were analyzed using the Xz-test, the t-test, the repeated-measures ANOVA,
and the McNemar test. A formalized messaging program was developed, and the app was developed with consideration of
the specific physical and cognitive limitations of the elderly. Results: Comparisons were conducted between the experimental
(n = 28) and control (n = 28) groups. Statistically significant increases in sick-role behavior, basic psychological needs, and
self-efficacy were found in the experimental group (p < 0.001). Physiological parameters were maintained within the normal
ranges in the experimental group, and the number of non-adherent patients decreased, although the change was not statisti-
cally significant. Conclusions: The mobile-app-based self-management program developed in this study increased the sick-
role behavior, basic psychological needs, and self-efficacy of elderly hemodialysis patients, while physiological parameters
were maintained within the normal range. Future studies are needed to develop management systems for high-risk hemodi-
alysis patients and family-sharing apps to manage non-adherent patients.
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quality control necessary [1]. Death due to cardiovascular
complications occurs more frequently in elderly hemodialy-
sis patients than in younger patients [2], and this is associ-
ated with hyperphosphatemia, hyperkalemia, and excessive
interdialytic weight gain rate (IWGR). Serum phosphorus is
an indicator of dietary adherence, and serious complications
can result if hyperphosphatemia persists. Despite improve-
ments in renal replacement therapy, regular hemodialysis
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alone cannot effectively remove phosphate from the blood
[3], so hemodialysis, phosphate binders, and restriction of
phosphate-rich food must continue for controlling the serum
phosphate level [4]. Hyperkalemia can cause severe arrhyth-
mias, such as ventricular fibrillation and cardiac arrest. The
frequency of emergency room visits increases significantly
when the serum potassium level exceeds a certain threshold,
such as 6.0 mEq/L [5]. Therefore, the potassium intake must
be restricted to prevent hyperkalemia. Dietary education
and prescription of potassium-binding drugs are reported
to be more effective in reducing high levels of serum potas-
sium than other methods [6], so interventions have been
developed to promote patient adherence. The IWGR can be
used as an adherence indicator for diet and nutrition [7]. An
increase in the IWGR of more than 5.7% is associated with
high mortality and is regarded as indicating non-adherence
[8]. However, elderly hemodialysis patients are more prone
to malnutrition than younger patients, leading to worse im-
munological function and increased mortality [9], so dietary
restriction should be minimized in the elderly. Moreover,
protein intake should not be reduced by excessive dietary
restriction aimed at controlling hyperphosphatemia or hy-
perkalemia.

Sick-role behavior refers to the extent to which a patient’s
behavior matches the prescribed treatment plan, and clinical
prescriptions can be divided into adherence and non-adher-
ence [10]. The serum phosphate and potassium levels as well
as the IWGR are the main parameters used to indicate physi-
ological adherence of sick-role behavior in hemodialysis
patients. Self-determination theory explains human motives
and conceptualizes human behavior on a continuum rang-
ing from purely externally synchronized behavior to fully
internally synchronized behavior. The intrinsic motivation is
the innate motivation that appears voluntarily from the basic
psychological needs for autonomy, competence, and rela-
tionships [11]. The sick-role behavior of elderly hemodialy-
sis patients must change from their previous lifestyle and be-
havior, and these patients must greatly restrict their actions
while performing self-determination behaviors based on
their own decisions [11]. Achieving this requires the induc-
tion of intrinsic motivation and internalization of externally
synchronized actions to reach integrated coordination, and
to develop interventions that can meet the three basic needs
[12].

Self-efficacy refers to the expectations and beliefs that an
individual has the ability to do something successfully. In
hemodialysis patients, self-efficacy is an important factor in-
fluencing the motivation for health-promotion behavior [13].
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Health providers should recognize that self-efficacy is a key
factor in successfully starting and maintaining health-related
behavioral changes and seeking a supportive approach [14].

While some apps have been developed and are being uti-
lized as essential tools for maintaining health, most of the
related studies have involved middle-aged populations [15-
17], and these apps are not ideal for application to elderly
patients in clinical settings. However, it has been shown that
the intention to accept smartphone-based health manage-
ment approaches among elderly and chronic-disease patients
is high, and an important reason for using the Internet is
to obtain health-related information [18]. Moreover, since
mobile devices can provide customized messages tailored to
individual characteristics through personalized media, they
are easier than a computer to use independently. Therefore,
the purpose of this study was to develop a mobile-app-based
self-management support program and to determine its ef-
fects on sick-role behavior adherence, basic psychological
needs, self-efficacy, and physiological parameters of elderly
hemodialysis patients.

Il. Methods

1. Design
This study had a nonequivalent control-group non-synchro-
nized design.

2. Samples

This study included patients receiving hemodialysis on an
outpatient basis at the hemodialysis unit of Chungnam Na-
tional University Hospital in Daejeon, South Korea who
satisfied the following inclusion criteria and consented to
participate in the study: aged 60 to 85 years, receiving con-
tinuous hemodialysis for more than 3 months, able to use
a mobile-app without hindrance from a visual or hearing
disorder, receiving hemodialysis more than eight times per
month (twice weekly), and can understand the content of the
study. The following exclusion criteria were applied: mental
illness with hospitalization, transferred to another hospital,
received kidney transplant, or did not provide voluntary
consent.

The required sample size was calculated using the G*Power
3.1 program based on a previous study [14] that applied in-
terventions and tested the effects on hemodialysis patients
at a significance level (o) of 0.05, an effect size of 0.4, a sta-
tistical power (1 — ) of 0.80, and using repeated-measures
ANOVA. The number of samples required was 40 in total (20
in each of the two measurement groups), and so data collec-
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tion was carried out with the goal of recruiting 30 people per

group based on consideration of the possible dropout rate.

The primary investigator reviewed the Electronic Medi-
cal Records (EMRs) and conducted a baseline survey on the
use of mobile communication devices. Seventy-four patients
who satisfied the inclusion criteria were contacted, and 30
subjects who consented to participate in the study were
first enrolled in the control group to prevent the spread of
the information about the study. After 2 deaths, 28 subjects
(6.7% dropout rate) were included in the final data analysis
as the control group. The experimental group initially com-
prised 30 subjects who consented to participate in the study,
but after 2 subjects were transferred to another hospital, 28
subjects (6.7% dropout rate) were included in the final data

analysis as the experimental group (Figure 1).

3. Measurements

1) Sick-role behavior adherence

Sick-role behavior adherence was assessed using 16 ques-
tions on diet, medication, exercise, dialysis plan, and vascu-
lar access management in hemodialysis patients. The ques-
tions were scored on a 5-point Likert scale, with a higher
score indicting greater adherence. Cronbach’s a for the reli-
ability of the tool was 0.81 in a previous study [19] and 0.74

in this study.

2) Basic psychological needs

Basic psychological needs were assessed using 18 questions
scored on a 5-point Likert scale, with higher scores indicat-
ing greater needs. Cronbach’s o for the reliability of the tool

was 0.78 in a previous study [20] and 0.91 in this study.

Elderly hemodialysis outpatients (n = 74)

Mobile-App-Based Hemodialysis Self-Management

3) Self-efficacy

A self-efficacy measurement tool was developed by Kim and
Kim [21] for hemodialysis patients based on a 4-point Lik-
ert scale, where higher scores indicate higher self-efficacy.
Cronbach’s o for the reliability of the tool was 0.81 in a previ-
ous study [21] and 0.80 in this study.

4) Serum phosphate

A serum phosphate level of >5.5 mg/dL measured before be-
ginning hemodialysis was considered to indicate non-adher-
ence based on the 2015 chronic kidney disease-mineral and
bone disorder guideline [22].

5) Serum potassium

A serum potassium level of >6.0 mEq/L measured before
beginning hemodialysis was considered to indicate non-
adherence [5].

6) Interdialytic weight gain rate

A mean ratio of the dry weight measured in an interim test
day to the weight gain prior to hemodialysis (measured four
times) of >5.7% during the last 4 weeks was considered to
indicate non-adherence [23].

7) General characteristics

Sex, age, comorbidity, living arrangement, duration of hemo-
dialysis, job, education, monthly income, and health insur-
ance type were also determined for each subject (Table 1).

4. Procedures
1) Development of the program
A preliminary survey was done on smartphone use by the

Excluded (n = 14)
-No intention to participate (n = 4)
-Unable to agree voluntarily (n = 3)
-Older than 85 years (n = 1)
-Hemodialysis period < 3 months (n = 5)
-Weekly dialysis (n = 1)

Pretest (n = 60)

!

!

Assigned to
experimental group
(n=230)

Assigned to
control group
(n=230)

-Transferred (n = 2)

Discontinued study (n = 2)

A

A 4

_| Discontinued study (n = 2)
-Died (n = 2)

A 4

Post-test analysis
(n=28)

Post-test analysis
(n=28)
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Figure 1. Flow chart of the study.
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Table 1. Homogeneity test of general characteristics (n = 56)

Variable Experimental group (n = 28)  Control group (n = 28) X or t p-value

Gender 0.29 0.584
Male 18 (64.3) 16 (57.1)

Female 10 (35.7) 12 (42.9)

Age (yr) 4.46 0.068
60-75 24 (85.7) 17 (60.7)

75-85 4(14.3) 11 (39.3)

Education 2.50 0.205
<Elementary school 4(14.3) 9(32.1)
>Middle school 24 (85.7) 19 (67.9)

Spouse
With spouse 27 (96.4) 24 (85.7) 1.97 0.160
Without spouse 1(3.6) 4(14.3)

Living arrangement 2.42 0.297
Alone 1(3.6) 3(10.7)

With spouse only 23(82.1) 18 (64.3)
With family 4(14.3) 7 (25.0)

Comorbidity* - -

Diabetes mellitus 17 (60.7) 19 (67.9)
Hypertension 24 (85.7) 21 (75.0)
Heart disease 6(21.4) 10 (35.7)

Neuralgia/arthritis 2(7.1) 7 (25.0)
Others 6(21.4) 14 (50.0)

Job 0.491°
Employed 2(7.1) -

Unemployed 26(92.9) 28 (100.0)

Duration of hemodialysis (yr) 423 +3.32 533+543 -0.90 0.367
<1 5(17.9) 3(10.7) 2.16 0.706
>1 and <5 11 (29.3) 11 (50.0)
>5and <10 10 (35.7) 7 (25.0)
>10 2(7.1) 4(14.3)

Monthly income (10,000 Korean won) 0.73 0.693
<100 13 (46.4) 15 (53.6)
>100 and <200 2(7.1) 3(10.7)
>200 13 (46.4) 10 (35.7)

Insurance 0.22 0.639
Medical aid 2(7.1) 3 (10.7)

Medical insurance 26 (92.9) 25 (89.3)

Values are presented as number (%) or mean + standard deviation.
‘Multiple response.

®Fisher exact test.
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included elderly patients. The findings showed that most of
them were using a social network service, such as KakaoTalk,
and they had a considerable amount of experience in receiv-
ing app information from their families. However, none of
them had used the app from Chungnam National University
Hospital.

Using the hospital information system for patients, we de-
veloped a feedback system for blood test results with visual
graphics in the app. Dry weight was shown with the body
mass index, and the change in weight gain was represented
using arrows and numbers to enhance the visual presen-
tation of information. A messaging service was utilized
through message templates. Standardized messages were
developed in a reference review related to health communi-
cations and in consultation with two nephrologists and two
experienced nurses. The department of medical information
and legal team were consulted regarding the processing of
personal information. A delivery program using the blood
test prescription code of the hemodialysis unit was devel-
oped to send regular single-screen notification messages
containing information on interim blood tests and non-
adherence (Figure 2).

A program validity test was performed by nine profession-
als. The content validity index was >0.90. The developed app
was tested on five elderly patients to determine its usability
prior to beginning the main intervention.

2) Intervention

To enhance app utilization, we provided the participants
with 1 week of education on how to use their smartphones.
Re-education was conducted 4 weeks later. Both the experi-
mental and control groups underwent regular blood tests

Mobile-App-Based Hemodialysis Self-Management

and health checkups by a physician, and were provided with
education on diet and interim blood tests.

The usual care (physician checkups and education on diet
and medication) was provided to the experimental and con-
trol groups. Appointment reminder messages for regular
blood tests were sent to the experimental group. The interdi-
alytic weight gain was entered by the patient every week, and
feedback messages were provided that comprised test results
and information on complications and dietary restrictions.
In particular, more information on symptoms was provided
when patients should visit the emergency room. The blood
test results in the regular monitoring were sent via smart-
phone, and the changes in the test results were displayed in
graphs to make it easy for patients to understand the rela-
tionship between the changes and adherence to medication
and diet (Figures 2, 3). All interventions were provided by
the researcher who had sufficient clinical experience of more
than 8 years in a hemodialysis unit.

5. Statistical Analysis

The collected data were analyzed using SPSS version 22.0 for
Windows (IBM, Armonk, NY, USA). The general character-
istics of each subject were presented as number and percent-
age values and also mean * standard deviation values. The
homogeneity in the experimental and control groups was
analyzed using the y’-test, independent ¢-test, and Fisher ex-
act test. The conformity with normality of research variables
was confirmed using the Shapiro-Wilk test, and Cronbach’s
o was used to assess the reliability of the measurement tools.
Repeated-measures ANOVA was used to assess differences
between measured variables, and covariance analysis was
used for hypothesis testing of basic psychological needs,
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messaging through
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Regular checkups

Visual feedback on
changes in body weight and
laboratory data through the app
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Figure 2. Intervention process.
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Pre-test
Control ¢ Usual care for 10 weeks
group ¢ Blood examination every 2 weeks
Post-test
Pre-test

Experimental
group

Re-education after 4 weeks
« Every week: monitoring the use of the app

Post-test

¢ Education on how to use a smartphone and the app (1 week)

« Every biweekly: blood examination + feedback on test results + messaging service

Figure 3. Study procedure.

Table 2. Homogeneity test of research variables (n = 56)

Variable Experimental group (n = 28) Control group (n = 28) t p-value

Sick role behavior 56.53 + 8.63 54.21 £8.32 1.02 0.311
Basic psychological need 65.42 +7.35 56.75 £ 12.03 3.25 0.002
Self-efficacy 24.67 £ 4.62 22.57 £5.98 1.47 0.146
Phosphate (mg/dL) 430+ 1.17 4.01 £ 1.16 0.94 0.347
Potassium (mEq/L) 5.04 £ 0.62 4.82 +0.80 1.16 0.250
Interdialytic weight gain (%) 391+£1.72 3.60 +1.22 0.78 0.435

Values are presented as mean + standard deviation.

which showed differences in the pre-test homogeneity of the |||, Results

research variables because the pre-test basic psychological
needs value was processed as a covariate. The homogeneity
of dispersion was verified by Mauchly’s sphericity test, and
when the hypothesis of the sphericity test was not satisfied,
the Greenhouse-Geisser procedure was used to correct the
number of degrees of freedom. The McNemar test was used
to compare changes in the 10-week pre-test and post-test ad-
herence and non-adherence groups.

6. Ethical Considerations

Data collection was conducted at Chungnam National
University Hospital, and was approved by the Institutional
Review Board prior to commencement (No. CNUH 2018-
02-018). Pre- and post-surveys were conducted at the hemo-
dialysis unit by the investigator. If a subject asked or found it
difficult to read, the interviewer read the questionnaire, and
the subject recorded the response. A visualization measure-
ment tool was used to increase the accuracy of understand-
ing subjective parameters. Information related to disease
characteristics of each subject was collected through medical
records.

98 www.e-hir.org

1. Homogeneity Testing of the General Characteristics
and Dependent Variables

The general characteristics did not differ significantly be-
tween the two groups, thereby confirming homogeneity (Table
2). Other than basic psychological needs, there were no
significant differences in the dependent variables between
the two groups, and the homogeneity of the two groups was
confirmed.

2. Effects of the Program
1) Hypothesis 1: There are intergroup differences in sick-role
behavior, basic psychological needs, and self-efficacy over
time
The sick-role behavior in the experimental group increased
after 10 weeks of intervention, whereas that in the control
group decreased after 10 weeks, with a statistically signifi-
cant difference between the two groups (F = 38.33, p < 0.001).
Additionally, there were significant differences according to
measurement time (F = 75.01, p < 0.001) and in the interac-
tion between the groups and measurement time (F = 112.05,
p < 0.001). Basic psychological needs in the experimental
group increased after 10 weeks of intervention, whereas
those in the control group decreased after 10 weeks. When
the pre-test score was processed as a covariate, it differed
significantly between the two groups (F = 77.73, p < 0.001).

https://doi.org/10.4258/hir.2020.26.2.93
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Self-efficacy in the experimental group increased after 10
weeks of intervention, whereas that in the control group
decreased after 10 weeks, with a statistically significant dif-
ference between the two groups (F = 29.86, p < 0.001). Ad-
ditionally, there were significant differences according to
measurement time (F = 29.42, p < 0.001) and in the interac-
tion between the groups and measurement time (F = 43.24,
p <0.001). Hypothesis 1 was therefore supported (Table 3).

2) Hypothesis 2: There are intergroup differences in physi-
ological parameters over time
There were no significant differences in the serum phosphate
level between the two groups (F = 0.53, p = 0.468) according
to measurement time (F = 0.12, p = 0.987), or in the interac-
tion between the groups and measurement time (F = 0.30, p =
0.909) (Table 4). There were also no significant differences in
the serum potassium level between the two groups (F = 2.58,
p = 0.114) according to measurement time (F = 1.66, p =
0.144), or in the interaction between the groups and mea-
surement time (F = 0.74, p = 0.589) (Table 4). The IWGR did
not differ significantly between the two groups (F = 0.08, p =
0.774). Also, there were no significant differences according
to measurement time (F = 1.18, p = 0.281) or in the interac-
tion between the groups and measurement time (F = 2.21, p =
0.143). Hypothesis 2 was therefore rejected (Table 5).
Sub-hypothesis 2-1 was formulated as follows: there are
differences between the experimental and control groups in
physiological parameters over time according to adherence.
Regarding the serum phosphate level in the experimental
group, non-adherence decreased from 6 subjects at the pre-
test to three subjects at the post-test, while in the control
group there were 3 non-adherent subjects at both the pre-
test and post-test. Regarding the serum potassium level in

Table 3. Comparisons of research variables (n = 56)

Mobile-App-Based Hemodialysis Self-Management

the experimental group, non-adherence decreased from 5
subjects at the pre-test to 2 subjects at the post-test, while
in the control group the 1 non-adherent subject at the pre-
test increased to 3 at the post-test. Moreover, for the IWGR
in the experimental group, non-adherence decreased from 5
subjects at the pre-test to 1 subject at the post-test, whereas
there was no difference in the control group, with 1 non-ad-
herent subject at both the pre-test and post-test. The McNe-
mar test revealed no significant differences between the two
groups regarding adherence for the serum phosphate level,
serum potassium level, and the IWGR, so sub-hypothesis
2-1 was rejected (Table 6).

IV. Discussion

The program developed in this study was found to exert sig-
nificant effects on the basic psychological needs, self-effica-
cy, and sick-role behavior adherence of elderly hemodialysis
patients, while no significant changes were found in serum
phosphate and potassium levels. Additionally, although the
IWGR decreased in the experimental group, this change was
not statistically significant. Interventions applied to hemo-
dialysis patients have been found to be helpful in improving
their knowledge and attitude, but patients are often still not
sufficiently motivated, and the increase in their knowledge
does not always lead to sick-role behavior adherence [24].
This situation prompted the present study to develop a pro-
gram to support self-management based on basic psycho-
logical needs, and this program was found to significantly
affect the sick-role behavior adherence in the experimental
group after the intervention. This may be attributed to the
mobile-app-based self-management support program en-
abling healthcare providers to use self-determination to help

Experimental group (n = 28)

Control group (n = 28)

Variable Sources F p-value
Pre-test Post-test Pre-test Post-test

Sick role behavior 56.53 + 8.63 72.96 + 5.56 54.21 + 8.32 52.57 +7.36 Group 38.33 <0.001

Time 75.01 <0.001

Group x Time 112.05 <0.001

Basic psychological ~ 65.42+7.35  76.96 £ 7.21 56.75+12.03 54.42 +10.59 - 77.73*  <0.001
need - - -

Self-efficacy 24.67 £4.62 31.75 + 3.65 22.57 £5.98 21.89 £ 3.99 Group 29.86 <0.001

Time 29.42 <0.001

Group x Time 43.24 <0.001

*ANCOVA with pre-test value as covariate.
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patients to take care of themselves [11]. Our results align
with those of previous studies that showed that good health

F p-value

management, such as blood glucose control and weight loss,

0.53 0.468
0.12 0.987

Group x Time" 0.30  0.909
2.58 0.114

1.66 0.144

Group x Time 0.74 0.589

was associated with greater patient autonomy [25].

The serum phosphate level in the present experimental
group did not change significantly from before the interven-
tion (4.30 £ 1.17 points) to after the intervention (4.32 + 1.10
points). This result may be attributed to interventions aimed

Sources
Group
Time®
Group
Time

at maintaining the protein intake of hemodialysis patients,

10 wk

supporting physicians’ prescriptions, and encouraging the
intake of foods with higher protein content than phosphate
content (except where the serum phosphate level was already
>5.5 mg/dL).

The serum potassium level in the experimental group also

8 wk

did not differ significantly between before and after the in-
tervention (5.04 + 0.62 vs 4.90 + 0.80 points). It is believed
that diet should be restricted only in cases in which the

6 wk

potassium level is elevated to >6.0 mEq/L, but considering
the various causes of potassium elevation, the physician’s

4 wk
401+1.16 402+1.05 413+1.10 4.14+1.08 4.07+1.19 4.04+1.21

Control group (n = 28)

prescription was not changed and the patients managed
their diet themselves. Continuous evaluation of and educa-
tion provision to elderly hemodialysis patients is necessary

2 wk

considering the vegetable-based traditional eating habits of
the elderly, their consumption of seasonal fruits, the various
types of medicines they take, and their generally low adher-

Baseline

ence.
The IWGR in both groups remained within the normal
range of 4%, and the results for physiological parameters

10 wk

were also within the acceptable ranges, which contrasts with
the findings of previous studies [26]. A study that compared
the weight gains of hemodialysis patients according to the
season found that the gain was lowest in July [27]. Thus, fur-

8 wk

ther studies should be conducted from March to early Au-
gust to correctly evaluate the effects of the present program
on the IWGR. Moreover, it is also possible that recognizing
the IWGR individually and maintaining the food intake
within the acceptable range affected the results. Moreover,

6 wk

the duration of hemodialysis was 4 to 5 years in all subjects,

4 wk

so the prolonged experience of receiving dietary education

Experimental group (n = 28)

from physicians might also have affected the results.
The present mobile-app-based self-management program

2 wk
Phosphate 4.30+1.17 4.20+1.05 4.14+091 427 +1.00 4.19+0.97 4.32+1.21

also improved self-efficacy. Similarly, self-efficacy was found
to be significantly increased by a program utilizing a dietary
management app [26] and a hemodialysis self-management
app [28].

The numbers of non-adherent subjects—in terms of serum

Baseline

phosphate level, serum potassium level, and the IWGR—de-
creased in the experimental group. A previous study that as-

(mg/dL)
(mg/dL)

Potassium 5.04 £0.62 5.09 £0.67 5.13£0.85 4.98+0.62 5.04+0.59 490+0.80 4.82+0.80 4.82+0.75 4.94+0.83 4.76+0.90 4.56+0.70 4.74+0.87

As Mauchly’s test of sphericity was rejected, results of Greenhouse-Geisser correction were selected and interpreted.

Table 4. Comparisons of phosphate and potassium (n = 56)

a
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Table 5. Comparisons of interdialytic weight gain (n = 56)

Mobile-App-Based Hemodialysis Self-Management

Experimental group (n = 28)

Control group (n = 28)

Variable Sources F p-value
Pre-test Post-test Pre-test Post-test
Interdialytic weight 391+1.72 354+1.21 3.60 +1.22 3.65+1.34 Group 0.08 0.774
gain (%) Time 1.18 0.281
Group x Time 2.21 0.143
*ANCOVA with pre-test value as covariate.
Table 6. Change in physiological parameters after the program
Experimental group (n = 28) Control group (n = 28)
Adherence Non-adherence’ Adherence Non-adherence®
Pre-test  Post-test Pre-test Post-test prvalue Pre-test Post-test Pre-test Post-test prvalue
Phosphate (mg/dL) 22 (78.6) 25(89.3) 6(21.4) 3(10.7) 0.453 25(89.3) 25(89.3) 3(10.7) 3(10.7) 1.000
Potassium (mEq/L) 23 (82.1) 26 (92.9) 5(17.9) 2(7.1) 0.453  27(96.4) 25(89.3) 1(3.6) 3(10.7) 0.625
Interdialytic weight 23 (82.1) 27 (96.4) 5(17.9) 1(3.6) 0.219  27(96.4) 27(96.4) 1(3.6) 1(3.6) 1.000
gain (%)

Values are presented as number (%) by McNemar test.

“Criteria for non-compliance: phosphate >5.50 mg/dL, potassium >6.0 mEq/L, and interdialytic weight gain >5.7%.

sessed the effects of an individual education program in non-
subjects found that non-adherence of the serum potassium
level and the IWGR decreased while there was no decrease
in the non-adherence of the serum phosphate level [29].
However, that study only included non-adherent patients. In
contrast, the present study found that the proportion of non-
adherent subjects was low, and that subjects self-monitoring
their physiological parameters and interpreting their sig-
nificance led to improvements, while the self-management
behavior and parameters were within the normal ranges.
When implementing an intervention, variations in indi-
vidual characteristics and proficiency of device use must be
considered to ensure that the mobile app is utilized effective-
ly [17]. Therefore, it is necessary to educate subjects about
device use and prepare a support system when planning an
intervention. Additionally, it is necessary to consider ways
to actively utilize the social support system of the patient,
such as the family, because families can provide a supportive
learning environment for mobile usage, especially among
the elderly. Regarding subject selection, previous studies in-
volving clinical settings had limitations of including subjects
with low mean ages [15-17], whereas the present study was
meaningful in attempting to provide a mobile-app-based
self-management support program to elderly hemodialysis
patients aged >60 years. The results of this study will be
particularly useful as the number of elderly hemodialysis pa-
tients increases concomitantly with the global aging popula-
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tion.

This study was subject to some limitations. Due to the high
risk of contamination of the study subjects, blinding of the
patients was not possible using the nonequivalent control
group non-synchronized design. The long-term effects of
this program are also unknown due to the short study dura-
tion of only 10 weeks.

Devices and programs need to be developed to enhance the
involvement of healthcare providers before risk symptoms
appear in patients [16]. Furthermore, the use of automated
systems will enable effective personalized health manage-
ment, which will help to reduce medical costs in the long
term. Future studies are needed to develop high-risk hemo-
dialysis patient management systems and family-sharing
apps to manage non-adherent patients.
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