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Abstract
Background: Hyperphosphatemia in end-stage renal disease patients is prevalent and associated with increasing cardiac
mortality. Restricting dietary phosphate intake is a key element in controlling hyperphosphatemia, but most patients fail due
to lack of knowledge and sustainability. In this study, we aimed to examine whether incorporating a smartphone application (APP)
into a multidisciplinary caring system can decrease the prevalence of hyperphosphatemia in hemodialysis patients. Methods: We
designed a quasi-experimental study to enroll patients undergoing regular hemodialysis and assigned them to receive APP-assisted
caring program (ACP group, n ¼ 30) or standard education caring program (SCP group, n ¼ 30). Both caring programs targeting
dietary phosphate control were administered. Patients’ general characteristics, self-care efficacy scales, knowledge test of
phosphate control, and results of monthly blood biochemistry were analyzed. Findings: Knowledge of diet phosphate control
and self-care efficacy were significantly higher in the ACP group. Notably, the knowledge improvement was higher in patients aged
over 60 years. Compared to the SCP group, the percentage of patients with successful hyperphosphatemia control was
significantly higher in the ACP group (p ¼ 0.0398). Conclusion: The APP-assisted caring program benefits patients with
regular hemodialysis to achieve better dietary phosphate control without compromising proper protein intake.
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Patients with end-stage renal disease (ESRD) are a critical

health burden worldwide, particularly in Taiwan (Saran et al.,

2019). Hyperphosphatemia is prevalent in patients with ESRD

and has been shown to be associated with several critical com-

plications, such as secondary hyperparathyroidism, renal osteo-

dystrophy, and even cardiovascular diseases (Ganesh et al.,

2001; Block et al., 1998; Slatopolsky & Delmez, 1994). Even

though dialysis in any form removes a substantial amount of

phosphate, it is often not sufficient, and protein loss is a con-

cern (Delmez et al., 1982; Gotch et al., 2003; Minutolo et al.,

2002). Phosphate binders, both non-calcium and calcium-

based, have been shown to achieve an average control rate of

64% to 66% in patients with ESRD (Joy & Finn, 2003; Xu

et al., 2013), but the real-world effectiveness of phosphate

control with these agents is limited due to poor gastrointestinal

tolerance (Fissell et al., 2016). The dietary restriction of phos-

phate remains a fundamental recommendation in both the Kid-

ney Disease Improving Global Outcomes (KDIGO) and

Kidney Disease Outcomes Quality Initiative (K/DOQI) guide-

lines (Coladonato, 2005; Isakova et al., 2017; Outcomes,

2017). However, information on phosphate content in various

kinds of food and associated additives is overwhelming and

difficult to deliver timely to patients, making it challenging for

patients to successfully restrict phosphate in their diets.

With advances in information technology and the wide-

spread use of smartphones, an increasing number of mobile

health applications (APPs) and programs are being developed

to promote self-management for chronic diseases. Connelly

et al. (2012) developed a personal digital assistant APP with

visual interfaces, barcode scanning, and voice recording to

assist hemodialysis patients with varying levels of literacy to

track their diet and further change their behavior. Ong et al.
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(2016) designed a smartphone-based self-management system

that not only empowered chronic kidney disease patients to

engage in self-care, but also resulted in blood pressure reduc-

tions, with 80% of the patients self-monitoring their blood

pressure regularly. However, it is not easy to find a mobile

APP that meets the expectations of both the clinician and the

patient. Lambert and colleagues evaluated 21 renal diet-related

mobile APPs in Australia and found that over half of them did

not contain accurate, evidence-based information (Lambert

et al., 2017). The general lack of quality and poor upkeep of

these health-related mobile APPs should not be surprising

because most of them were free to download and created by

individual developers rather than by large health information

groups/companies or universities (Singh et al., 2019). Further-

more, several studies have shown that positive and personal

feedback are two of the key elements for successful diet control

and behavioral change (Khaylis et al., 2010).

In this study, we investigated the effects of an APP-assisted

caring program that included APP-assisted timely information

and individually tailored feedback on the effects of serum

phosphate control in ESRD patients in Taipei, Taiwan.

Materials and Methods

Study Design and Patients

This quasi-experimental study was conducted from June 2018

to August 2018 at Tri-Service General Hospital in Taipei, Tai-

wan. The study protocol was reviewed and approved by the

Institutional Review Board of the Tri-Service General Hospi-

tal, and the informed consent was signed by all participants.

Patients with a hemodialysis vintage of more than 3 months

were screened. Inclusion criteria were as follows: aged between

30 and 70 years with a serum phosphate level � 5.5 mg/dL for

3 consecutive months. Patients who were unable to use smart-

phones properly or upload dietary records or refused to receive

counseling or join the online group discussions were excluded.

The patients’ group assignments were based on the partici-

pants’ choices. Patients who chose to join the APP-assisted

caring program (ACP) group received personal instruction on

how to install the mobile APP on their smartphones and how to

use them. Patients who chose the standard caring program

(SCP) received education in a conventional manner. The SCP

was provided by the dialysis charge nurses in person and

included the following: the interpretation of monthly biochem-

istry results (including hemoglobin, electrolytes, phosphate,

and albumin levels), dietary counseling, evaluation of oral

phosphate-binder compliance and adherence, and patient edu-

cation fact sheets or folding cards as enhancements. Patients

were requested to repeat the essential information and sign

their personal education records at the end of each education

session. Group education regarding various topics was held

quarterly.

All patients’ blood biochemistry results were collected

monthly. A questionnaire assessment regarding knowledge of

phosphate control and a self-efficacy scale were completed at

the end of the study. All personal information was kept strictly

confidential and anonymous, with access restricted at all times

only to the principal investigator or to the research staff directly

involved.

Development of Smartphone Application for Phosphate
Control

The ACP was created by a tightly integrated multidisciplinary

medical team, with the aim of shortening the knowledge gap

between the patients and the overwhelming information on

food content. We used the Taiwan Food Nutrition Database,

which is owned and maintained by the Food and Drug Admin-

istration of the Ministry of Health and Welfare of Taiwan

(https://consumer.fda.gov.tw/Food/TFND.aspx?nodeID¼178;

Taiwan Food Nutrition Database), to build the smartphone-

based APP. To enhance accessibility, this mobile APP allowed

users to search for items or food additives by their formal or

common names in Mandarin or by pictures. We also simplified

portion size estimation. The results were translated into an

easy-to-understand calculation, the health score, based on the

phosphate-to-protein ratio (Figure 1). The health score of each

patient was recorded in the APP, and a weekly or monthly

summary was provided. In addition, the APP also provided

users with useful recipes and cooking tips based on his/her

record and food search results. Individual participants’ food

records were tracked and evaluated by our care team and used

to provide tailored feedback and to adjust the dietary plan.

Self-Efficacy and Knowledge Assessment

We evaluated the patients’ self-motivation and awareness of

dietary phosphate control using a self-efficacy scale and

knowledge tests. The self-efficacy scale was developed based

on 3 existing chronic disease self-management scales: the Chi-

nese version of the Diabetes Management Self-Efficacy Scale

(C-DMSES; Vivienne Wu et al., 2008), the Chronic Kidney

Disease Patient Self-Efficacy Scale (Lin et al., 2012), and the

Asthma Patients Self-Efficacy Scale. Briefly, the scale we

developed included basic demographic data that influence

self-care efficacy, diet control, medicine compliance,

problem-solving, and social support. After a multidisciplinary

team (including the hemodialysis center chief, nephrologists,

nephrology dietitians, senior nurses with expertise in patient

education, and medical affairs consultants) reviewed the scale

for expert validity assessment, the content validity index was

found to be between 0.79 and 1.0, with an average of 0.91. The

pretest was carried out on 10 chronic dialysis patients after

approval by the Institutional Review Board, and a Cronbach’s

a coefficient of 0.89 indicated excellent internal consistency.

Knowledge about dietary phosphate control was assessed by

the same research staff using a questionnaire comprised of

3 parts, which involved identifying (1) food containing high-

phosphate, (2) side effects of hyperphosphatemia, and (3) the

proper use of oral phosphate-binders. Expert validity and face

validity were confirmed after it was reviewed by the
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multidisciplinary team. A Kuder-Richardson Formula 20

(KR20) of 0.85, an average difficulty of 0.67 (0.5–0.98), and

a discrimination power of 0.5 (0.3–0.9) indicated this question-

naire had excellent reliability, appropriate difficulty, and good

discrimination power.

Statistical Analysis

The sample size for this study was calculated to achieve a 30%
improvement compared to the control group. We anticipated a

sample size of 58 patients to have an 80% chance of detection,

at a significant level of 5% (Enderlein, 1985). Changes in bio-

chemistry values were calculated by subtracting the first

month’s value from the final month’s value, then dividing that

by the first month’s value, in milligrams per deciliter (mg/dL).

From baseline, a change in serum phosphate (or albumin) level

of more than the mean plus 1 standard deviation (SD) or less

than the mean minus 1 SD was defined as an increase or

decrease, respectively. A change from baseline within the mean

+ 1 SD was defined as stable. Continuous variables were

reported as the mean + SD and compared using the Student’s

t-test (two-tailed). Categorical data were reported as numbers

(%) and compared using the w2 test. The interactions between

the knowledge test and categorical variables were analyzed

using the regression model and expressed as b values (95%
confidence interval [CI]). A p-value < 0.05 was considered

statistically significant. All statistical analyses were performed

using IBM SPSS Statistics for Windows, Version 22.0

(Armonk, NY, USA).

Results

Patients’ Baseline Characteristics

From June to August 2018, 65 patients with regular hemodia-

lysis were enrolled. Five patients dropped out of the study due

to death from an unrelated cause (n ¼ 3), transfer to another

hospital (n ¼ 1), and kidney transplantation (n ¼ 1). Sixty

patients were assigned to either the ACP (n ¼ 30) or the SCP

(n ¼ 30) group. None of the general characteristics were sta-

tistically different between the groups, except there were more

males and more patients with hemodialysis vintage� 5 years in

the ACP group compared to the SCP group (Table 1).

Self-Efficacy and Knowledge Assessments

Patients’ self-care and knowledge of dietary phosphate control

were evaluated using the self-efficacy scale and knowledge

tests at the end of the study. In both measurements, patients

in the ACP group performed significantly better (Table 2).

Differences in knowledge and self-efficacy were not significant

according to sex or hemodialysis vintage. We further examined

the interactions between baseline variables and ACP effective-

ness using a linear model. We only found an interaction

between age and the ACP intervention. Notably, the b (95%
CI) of patients aged over 60 years was 16.39 (7.40–25.37),

Figure 1. Features of phosphate control smartphone application.
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suggesting that the benefit of ACP was significant for patients

aged over 60 years (Table 3).

Changes in Serum Phosphate and Albumin Levels

There was no difference in the monthly blood biochemistry

results between the groups (Table 2, Supplemental Table 1).

We further examined changes in serum phosphate and albumin

before and at the end of the trial. As shown in Figure 2, more

patients in the ACP group had a significant decrease in serum

phosphate, and more patients in the SCP group had increased

serum phosphate levels (p ¼ 0.0398, Figure 2a). Notably, we

found no significant changes in serum albumin levels after diet

control in either group (Figure 2b). Our data suggest that this

mobile ACP significantly reduced serum phosphate levels

without decreasing serum albumin levels.

Discussion

This study investigated the effects of an ACP for dietary phos-

phate control in patients with regular hemodialysis and showed

that the use of the APP increased patients’ self-care efficacy

and knowledge of dietary phosphate control, leading to

decreased serum phosphate levels. The benefit of integrating

smartphone-based APPs in medical care has previously been

examined, but the results have not consistently supported the

use of APPs. Singh et al. (2019) suggested that there was a

considerable gap between the experiences that patients and

medical professionals had with APPs (Topf & Hiremath,

2019). While medical professionals focused on the accuracy

of data, patients were more concerned with usability. The

results of our study highlighted the importance of considering

both usability and data accuracy in developing a patient-

friendly health mobile APP. To ensure the accountability of

data, we used the Taiwan Food Nutrition Database, which was

first established in 1992 and is maintained solely by the Taiwan

Food and Drug Administration, Ministry of Health and Wel-

fare. The latest version was updated in 2018. Meanwhile, we

made a user-friendly interface and simplified the search results

and dietary records into an easy-to-understand scoring system

to ensure usability for patients. Furthermore, the dietary infor-

mation and records generated by the APP were incorporated

into a bidirectional communication featuring tailored feedback

from medical staff to establish and adjust the participants’

dietary plans.

Timely updates of dietary records have been shown to be an

important driving force for motivation and self-management

(Arsand et al., 2008; Intille et al., 2003). In our study, we also

found that timely updates of the health score did improve

patients’ understanding of dietary phosphate content. Further-

more, we noted that the feature allowing participants to share

their dietary records with the medical team impacted the suc-

cess of the dietary control of phosphate. This demonstrates that

sharing records with others further enhances patients’ motiva-

tion for diet control, which can be explained by “intrinsic

motivation,” a concept described in the self-determination the-

ory (Pelletier et al., 2001). On the other hand, the use of the

APP further empowered the patients by allowing them to share

their secret recipes or ingredients to obtain a better health score

and to demonstrate their active problem-solving ability, which

could also be an important element leading to the success of our

study.

In the interaction analysis, we noted that patients aged over

60 years showed a more positive association with the ACP than

patients younger than 60 years old (Table 3). We think this

finding validated the usability of the APP that we developed

for this study. Furthermore, it highlighted the feasibility of

integrating mobile APPs into the personalized care of chronic

diseases, even in elderly patients. Interestingly, Wu and Lu

(2017) demonstrated that increasing informal medical care

improved the health behavior of elderly people. It would be

interesting to further investigate whether these mobile device-

based APPs are potential methods to provide timely and per-

sonal medical attention to elderly patients and improve their

health behavior.

However, there were some limitations to the study that

might prevent the generalization of this mobile APP. Mainly,

the number of patients was small, the duration was only

3 months, and the participants had to possess and be able to

operate a smartphone, which eliminated random allocation and

generated inevitable selection bias, similar to most previous

adherence intervention studies on dialysis patients (Milazi

et al., 2017; Murali et al., 2019). Instead of pre-validated

self-efficacy scales like Strategies Used by People to Promote

Health (SUPPH), a 29-item self-report (Lev & Owen, 1996),

our scales and questionnaires were modified from three

Table 1. Baseline Characteristics.

Variables, n (%) ACP SCP p Value

Age 0.30
<60 years 16 (53.3%) 12 (40.0%)
≥ 60 years 14 (46.7%) 18 (60.0%)

Gender <0.01*
Male 25 (83.3%) 15 (50.0%)
Female 5 (16.7%) 15 (50.0%)

Marital status 0.40
Single 11 (36.7%) 8 (26.7%)
Married 19 (63.3%) 22 (73.3%)

Employment status 0.08
Unemployed 19 (63.3%) 25 (83.3%)
Employed 11 (36.7%) 5 (16.7%)

Hemodialysis vintage 0.04*
<5 years 21 (70.0%) 13 (43.3%)
≥ 5 years 9 (30.0%) 17 (56.7%)

Education level 0.06
<9 years 7 (23.3%) 14 (46.7%)
≥ 9 years 23 (76.7%) 16 (53.3%

Self-care Ability 0.79
Independent 11 (36.7%) 10 (33.3%)
Dependent 19 (63.3%) 20 (66.7%)

Note. ACP ¼ App-assisted caring program; SCP ¼ standard caring program.
*p < 0.05.
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Table 2. Serum Phosphate, Albumin, Knowledge Test and Self-Care Efficacy Questionnaire Results Across Intervention Groups.

Variables ACP Group SCP Group p Value 95% CI

Serum phosphate level, mg/dl
First month 6.4 + 0.9 6.2 + 0.5 0.28 [�0.17, 0.56]
Second month 5.6 + 1.0 5.3 + 1.3 0.34 [�0.32, 0.90]
Third month 5.6 + 1.4 5.8 + 1.3 0.41 [�0.98, 0.40]
Serum albumin level, g/dl
First month 3.9 + 0.2 3.9 + 0.3 1.00 [�0.11, 0.11]
Second month 4.0 + 0.2 4.0 + 0.3 0.92 [�0.13, 0.12]
Third month 3.8 + 0.3 3.8 + 0.3 0.96 [�0.14, 0.15]
End-of-study
Knowledge test score 82.5 + 11.3 72.8 + 14.3 <0.01* [�16.32, �3.01]
Self-care efficacy score (average) 3.8 + 0.8 3.3 + 1.0 0.03* [�0.96, �0.04]

Diet control 3.9 + 0.8 3.4 + 1.0 0.02* [�0.97, �0.07]
Drug compliance 3.8 + 1.1 3.5 + 1.2 0.24 [�0.93, 0.24]
Problem-solving 3.8 + 1.0 3.2 + 1.2 0.04* [�1.17, �0.03]
Social support 3.4 + 1.0 2.9 + 1.2 0.09 [�1.04, 0.07]

Note. CI ¼ confidence interval.

Table 3. Interactions Between Knowledge Test and Categorical Variables.

Stratified Variable n Group b [95% CI] p Value p Value (Interaction)

Age <0.01*
<60 years 28 SCP 0.00

ACP �0.42 [�7.93, 7.10] 0.91
>60 years 32 SCP 0.00

ACP 16.39 [7.40, 25.37] <0.01
Gender 0.50

Male 40 SCP 0.00
ACP 10.00 [2.26, 17.74] 0.02

Female 20 SCP 0.00
ACP 15.33 [0.97, 29.69] 0.05

Marital status 0.06
Single 19 SCP 0.00

ACP 0.17 [�11.19, 11.53] 0.98
Married 41 SCP 0.00

ACP 13.76 [5.92, 21.59] <0.01
Self-care ability 0.08

Independent 21 SCP 0.00
ACP 1.95 [�5.59, 9.50] 0.62

Dependent 39 SCP 0.00
ACP 13.29 [5.10, 21.48] <0.01

Educational level 0.34
<9 years 21 SCP 0.00

ACP 12.50 [0.93, 24.07] <0.05
≥ 9 years 39 SCP 0.00

ACP 5.76 [�2.18, 13.70] 0.16
Employment status 0.25

Unemployed 44 SCP 0.00
ACP 10.52 [2.53, 18.50] 0.01

Employed 16 SCP 0.00
ACP 1.55 [�9.04, 12.13] 0.78

Hemodialysis vintage 0.08
<5 years 34 SCP 0.00

ACP 3.88 [�4.83, 12.59] 0.39
≥ 5 years 26 SCP 0.00

ACP 16.14 [5.76, 26.53] <0.01

Note. CI ¼ confidence interval.
*p < 0.05.
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Chinese self-efficacy scales for other chronic diseases. Even

though internal validation was performed, the assessment of

patients’ self-care efficacy might not have been comprehen-

sive. There were more men and more patients with hemodia-

lysis vintage < 5 years in the APP group, which suggested a

suboptimal allocation of participants; however, this did not

affect the results of self-efficacy, knowledge, or biochemistry

outcomes. Even though this was a single-center, short-term,

non-randomized control trial (due to its nature as a pilot study),

it demonstrated the safety and usability of a mobile APP on

phosphate control in hemodialysis patients in daily practice and

contributed to time-saving for healthcare professionals. A lon-

ger randomized control trial is necessary to determine whether

the phosphate-lowering effect could be sustained, even leading

to better clinical outcomes and lower medical costs. In conclu-

sion, the ACP benefited patients with regular hemodialysis to

achieve better dietary phosphate control without compromising

proper protein intake.
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