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Abstract

Background: The renal diet is complex and requires alterations of the diet and careful monitoring of various nutrients. Elevated
serum phosphorus is common among patients undergoing hemodialysis, and it is associated with many complications. Smartphone
technology could be used to support both dietitians and patients by providing a source of accessible and reliable information.

Objective: The aim of this pilot is to assess the potential efficacy of an intervention using the educational and self-monitoring
mobile app KELA.AE on the phosphorous management in hemodialysis patients. Results will be used to improve both the app
and a planned, rigorous large-scale trial intended to assess app efficacy.

Methods: This is a prospective pilot study performed at the hemodialysis unit of Al Qassimi Hospital (Emirate of Sharjah,
United Arab Emirates). All patients were assessed for eligibility and, based on inclusion criteria, considered for enrollment.
Participants met with a dietitian once a week and used the mobile app regularly for 2 weeks. Outcomes (knowledge, self-reported
nonadherence, dietary intake, anthropometry, and biochemical data) were measured. This pilot is reported as per guidelines for
nonrandomized pilot and feasibility studies and in line with the CONSORT (Consolidated Standards of Reporting Trials) 2010
checklist for reporting pilot or feasibility trials.

Results: Of 26 subjects, 23 successfully completed the pilot. Patient dietary knowledge about phosphorous management improved
from 51.4% (SD 13.9) to 68.1% (SD 13.3) after intervention with a large effect size (d=1.22, 95% CI 0.59 to 1.85). Dietary protein
intake increased from a mean of 0.9 g/kg (SD 0.3) per day to a mean of 1.3 g/kg (SD 0.5) per day with a large effect size (d=1.07,
95% CI 0.45 to 1.69). Phosphorus to protein ratio dropped from a mean of 18.4 mg/g protein to 13.5 mg/g protein with a large
effect size (d=0.83, 95% CI 0.22 to 1.43). There was no evidence of change in phosphorous intake, self-reported nonadherence,
and serum phosphorus.

Conclusions: The findings of this prospective pilot reveal the potential efficacy of a smartphone app as a supportive nutrition
education tool for phosphorus management in patients undergoing hemodialysis. This pilot study showed that the KELA.AE app
has the potential to improve knowledge and dietary choices. A rigorous randomized controlled trial should be performed to
evaluate the efficacy, assessing app use of a long-term intervention.
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Introduction

Dietary management plays an essential role in slowing down
disease progression and improving the quality of life of people
with chronic kidney disease (CKD) [1,2]. However, the renal
diet is complex and requires targeted attention of the intake of
various nutrients [3], and patients often express frustration and
confusion about this [4]. Dietary adjustments are made
continuously in response to alterations in blood parameters, and
patients must be constantly monitored and followed up
accordingly [5].

Elevation in blood phosphorus is specifically common among
this patient group, and it is associated with many comorbidities
such as cardiovascular disease, metabolic bone mineral disease,
and mortality [5]. Even a mild hyperphosphatemia (greater than
5.0 mg/dL) is independently associated with an increase in
mortality among hemodialysis patients [6]. Therefore,
management of hyperphosphatemia is essential during
hemodialysis; however, this seems to be particularly challenging.
Patients are recommended to consume 1.2 g/kg body weight of
protein to achieve protein needs during hemodialysis [3].
Moreover, phosphorus is typically found in protein-rich foods;
thus, restricting dietary phosphorus to the recommended 800
to 1000 mg/d while maintaining adequate protein intake is the
cornerstone of this diet [3]. Such recommendations are not easily
compatible [7] and lead to conflicting and ambiguous
information that requires simplification and clarification from
the dietitian’s side [8].

Adherence to the renal diet is, therefore, an essential component
for the management of hemodialysis patients [9]. Patient
knowledge can play a role in compliance with the diet [10].
Therefore, nutrition education and counseling might have a
positive effect on blood phosphorous [11]. However, eating
habits are complicated and not merely influenced by knowledge,
but also by a patient’s readiness to change and their health
beliefs [12]. The association between knowledge and adherence
is not always clear, and an increase in knowledge does not
necessarily lead to improved adherence [13]. Nutrition education
can, nevertheless, improve nutrition knowledge, which, in turn,
can support increased dietary adherence [14,15]. This knowledge
is especially valuable when patients are willing to change their
dietary behaviors [13].

From the patient’s perspective, receiving easy to understand
individualized nutrition education at the early stages is desired
[4]. Educational materials should be theory-based and adapted
to the patient [2] to be effective. A thorough education has been
listed among the facilitators for improvements of serum
phosphorus. Such interventions consist of multiple long
encounters with patients and thus may not always be feasible
[16]. Time limitation during encounters with dietitians and
physicians often act as a barrier to effective nutrition education
[17].

A recent study qualitatively explored the experience of renal
dietitians. Dietitians expressed frustration, limited resources,

and emotional and professional challenges in providing dietary
education to CKD patients [8]. Hemodialysis patients show
similar frustration and a need for continuous access to reliable
nutrition information. Therefore, alternative approaches should
be explored that may support both dietitians and patients in
overcoming these difficulties. Smartphone technology can
provide persons with chronic diseases with accessible and
reliable information [18]. Additionally, in-app educational
materials allow patients access to nutrition education in different
modalities [19]. Accordingly, dietary apps may be effective at
improving nutritional outcomes in chronic diseases [20].

Freely accessed educational websites are available to CKD
patients, but they target persons with high computer literacy
[21]. Commercially, some renal nutrition apps are also available,
but they are mostly available in the English language only and
may include a subscription fee [22,23]. Research in this area is
still scarce as only a few publications have addressed the
effectiveness of mHealth in the context of CKD [23].
Additionally, only a few registered clinical trials are active in
the area of mHealth in CKD [24].

The IDEAS (integrate, design, assess, and share) framework
for the development of effective digital interventions defines
the process of assessing the efficacy of a developed product as
starting with a pilot study aiming at estimating potential efficacy.
Information gathered from the pilot study would then be used
to improve the product itself and the study design of a rigorous
randomized controlled trial (RCT) [25].

This is a pilot study that aims to explore the potential efficacy
of an intervention using a smartphone app in the phosphorus
management of patients undergoing hemodialysis. The results
of this pilot study will be used to improve the app itself along
with the study design of a rigorous RCT. The app used is
research-based and includes self-monitoring features,
educational features, and CKD-friendly recipes in English and
Arabic. The description of the person-centered and theory-based
app development is detailed in a separate publication [19].

Methods

Study Design
This is a prospective pilot study conducted using a theory-based
educational dietary app Kidney Education Lifestyle Application
(KELA.AE). This pilot followed the guidelines for reporting
nonrandomized pilot and feasibility studies [26]. This study is
also reported in line with the CONSORT (Consolidated
Standards of Reporting Trials) 2010 checklist of information
to include when reporting a pilot or feasibility trial excluding
items pertinent to randomization (Multimedia Appendix 3)
[26,27]. Outcome measures include knowledge, self-reported
nonadherence, dietary intake, anthropometry, and biochemical
data.
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Participants, Eligibility, and Recruitment
A list of all patients undergoing hemodialysis was obtained
from the hemodialysis unit of Al Qassimi Hospital (Emirate of
Sharjah, United Arab Emirates), and all subjects were
approached during their scheduled dialysis session to identify
those who met the inclusion criteria. The study was explained
to eligible participants, and signed consent forms were collected
from those who agreed to participate. A total of 26 participants
were recruited. Patients undergoing hemodialysis for at least 3
months; free of life-threatening conditions; able to read, write,
listen, and communicate in Arabic; owning an Android
smartphone; and not having been hospitalized in the past 6
months were eligible to participate in the study. Recruitment
and data collection began in February 2019 and ended in April
2019. Post hoc calculations of sample size in pilot studies,
assuming detection of unanticipated problems with a probability
of at least 15% (π=0.15) and a 95% confidence level, resulted
in a required sample of 19 subjects [28].

Ethical Approvals
The study received Institutional Review Board approval
(ZU17_066_F) from Zayed University, Dubai.

Procedure
Participants were provided with a username to initiate the sign-in
procedure. Upon registration, participants were provided with
a brief orientation to the app features, and free access to
KELA.AE was provided for 2 weeks. During this period,
participants met face-to-face with a research dietitian once a
week. The dietitian provided participants with reinforcements
of the critical messages relayed by the educational materials
and answered questions about the app use and content. The
dietitians also collected data from patients before and after app
use. Baseline and postintervention outcomes were assessed
before app registration (T0) and after the completion of 2 weeks
of app use (T1). The trial was stopped when all participants
completed 2 weeks of app use. Participants could keep using
the app if they wished; however, all data collection was
completed 2 weeks after app use.

KELA.AE App
The app consists of an Arabic, theory-based, and culture-specific
Android app (KELA.AE). A formative study of the app has
been published elsewhere [19]. The app was designed to provide
dietary education and traditional renal diet–friendly recipes to
hemodialysis patients. The transtheoretical model [29] and
constructs from the reasoned action approach [30] were
incorporated in the development of the educational materials.
Three different stages of change have been included along with
the concepts of self-efficacy, norms, and attitudes. Behavior
change techniques used included self-monitoring of behavior,
problem solving and coping planning, goal setting, social
comparison of behavior, and verbal persuasion to boost
self-efficacy. The stages and constructs were incorporated based
on previously published, validated stage-based materials [31],
qualitative data, and brainstorming sessions performed during
app development by the research team [19]. Different
educational modalities were used to deliver the behavior change
techniques: notifications, podcasts, and videos. Each modality

is matched to a behavior stage and a construct from the reasoned
action approach; an example would be a notification that is
delivered to the user stating “Many dialysis patients have
benefited from the advantages of exercising and were able to
improve their quality of life. You can do it too!” (this is provided
to a patient categorized in the action stage and linked to
capacity/self-efficacy). Additional examples of educational
materials are reported in a separate publication [19].
Self-monitoring features to track food intake and blood tests
are also available.

The app was developed as a collaboration between the research
team and the design team of an app development company. The
technical development of the app software was outsourced by
the research team to the development company. Educational
materials were prepared by the research team in collaboration
with the departments of Arabic and communications of Zayed
University. The app is hosted on the servers of the development
company.

Self-Reported Nonadherence
The Dialysis Diet and Fluid nonadherence Questionnaire was
used to assess self-reported dietary nonadherence [32]
(Multimedia Appendix 1). The questionnaire includes 2 simple
questions on the frequency and degree of nonadherence. The
same questions are asked for overall dietary nonadherence and
again for dietary phosphorus nonadherence (total of 4 questions).
It requires the patient to report nonadherence as the number of
nonadherent days in the last 14 days. The degree of
nonadherence is reported on a Likert scale (0 to 4, where 0
means compliant and 4 means severe nonadherence). The
questions were translated to Arabic but given their
straightforward simplicity further validation was deemed
unnecessary. Construct validity of the original tool was reported
using a Kendall tau correlation for frequency and degrees of
nonadherence (τ=0.495; P<.001) [32]. Adherence via the app
was not collected due to the lack of in-app analytics in the
current version of the app.

Knowledge
The Knowledge Questionnaire consists of 18 questions assessing
knowledge about the renal diet (Multimedia Appendix 2). A
total of 18 points can be achieved if all answers are correct;
scores were then converted into a percentage. This tool was
used in Arabic before [33] based on an adaptation of the original
questionnaire [34] and now includes Arabic foods. A score of
60% in overall knowledge (all 18 questions) was considered as
sufficient knowledge as recommended by the questionnaire
[33]. Questions were clustered by topic, and a subanalysis was
performed to understand knowledge in specific areas pertinent
to phosphorous management (phosphorus content in food,
consequences of hyperphosphatemia, and use of phosphate
binders).

Dietary Intake
Dietary intake was assessed by 2 trained research dietitians
using face-to-face 24-hour recalls [35]. Participants were asked
if the day before was deemed representative of the previous
week, and if not, they were asked to report a typical day for
better representation of the past week’s intake. The 24-hour
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recalls were analyzed using the FoodData Central of US
Department of Agriculture databases [36]. Phosphorus needs
were considered as 1000 mg/d for participants with serum
phosphorus below 5.5 mg/dL and 12 mg/g of protein intake for
participants with serum phosphorus below 5.5 mg/dL [37].

Biochemical Parameters
Blood parameters were retrieved from patient medical records
as part of the routine protocols of the hemodialysis unit
(measurements are taken post hemodialysis session). Target
values for serum phosphorus in hemodialysis were considered
between 3.5 and 5.5 mg/dL based on the National Kidney
Foundation Kidney Disease Outcomes Quality Initiative (NKF
KDOQI) recommendations [3].

Anthropometric Measurements
Body weight and height were retrieved from patient medical
records, as measured postdialysis routinely. BMI was calculated
accordingly using measured body weight and height.
Comparative standards for body weight were used as suggested
by the Nutrition Care Manual [37] based on the NKF KDOQI
guidelines [3]. Accordingly, standard body weight from the
National Health and Nutrition Examination Study was used for
the calculation of nutrient needs. Adjusted edema-free body
weight was used for the calculation of nutrient needs for
participants with <95% or >115% of standard body weight [37]
as recommended by the guidelines.

Statistical Analysis
SPPS (version 21, IBM Corp) was used to perform all statistical
analyses. Categorical variables were described using frequencies
and percentages, while means and standard deviations were
used to represent continuous variables. A Shapiro-Wilk
normality test was performed to ensure that data are normally
distributed. Paired t tests were used to compare the mean scores
before and after the intervention. Two-tailed P values are
reported. Effect sizes were calculated as Cohen d (with 95%
CI) using mean difference and pooled standard deviations. The
effect size was considered small at 0.2, medium at 0.5, and large
at 0.8 and above [38].

Results

A total of 23 participants completed the app pilot testing. Two
subjects were excluded due to issues related to low smartphone
storage capacity, and one subject was not interested in
downloading the app. The mean age of the participants was 48.5

(SD 13.7) years, mean BMI was 31.9 (SD 7.9) kg/m2, and mean
time on dialysis was over 1 year, with 29.7 (SD 37.3) months
of dialysis. More men were enrolled in the study (14/23, 61%),
and most participants suffered from hypertension (16/23, 70%)
or diabetes (11/23, 48%). Demographics measured at baseline
are shown in Table 1. Figure 1 depicts the CONSORT flow
diagram.

Table 1. Demographics and baseline characteristics of the study population (n=23).

ValueCharacteristic

48.5 (13.7)Age (years), mean (SD)

31.9 (7.9)BMI (kg/m2), mean (SD)

29.7 (37.3)Months on dialysis, mean (SD)

Gender, n (%)

14 (61)Male

9 (39)Female

6 (26)Smoker, n (%)

Comorbidities, n (%)

16 (70)Hypertension

11 (48)Diabetes

2 (9)Dyslipidemia

1 (4)Cancer

1 (4)Liver disease
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Figure 1. CONSORT study flow diagram.

Knowledge and Nonadherence
Overall, the mean self-reported nonadherence days dropped
from 3.2 (SD 4.5) over the past 14 days to 2.0 (SD 3.0) days
after exposure to in-app education with a small effect size
(d=0.33, 95% CI –0.25 to 0.91). The severity of nonadherence
was mostly mild and moderate preintervention and
postintervention.

The mean perceived days of nonadherence to the phosphorus
content of the diet increased from 1.1 (SD 3.2) days to 1.9 (SD
3.0) days with a small effect size (d=0.25, 95% CI 0.33 to 0.83).
The severity of nonadherence changed from 19 participants

reporting no deviation from the diet to only 10 reporting no
deviation.

Knowledge was below the 60% cutoff point of adequate
knowledge at baseline and improved to reach a mean of 68.1%
(13.3) after intervention, with a large effect size (d=1.22, 95%
CI 0.59 to 1.85). Specific knowledge pertinent to consequences
of hyperphosphatemia and phosphate binders also improved
(large effect sizes d=1.15, 95% CI 0.53 to 1.77, and d=1.00,
95% CI 0.39 to 1.61, respectively). Knowledge about the
phosphorus content of food improved, with a medium effect
size (d=0.54, 95% CI –0.05 to 1.12). Results pertinent to
adherence and knowledge are detailed in Table 2.
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Table 2. Baseline and postintervention self-reported dietary nonadherence and dietary knowledge (n=23).

P valueCohen d (95% CI)PostinterventionBaselineQuestionnaire

DDFQa, overall

.320.33 (–0.25 to 0.91)2.0 (3.0)3.2 (4.5)Nonadherence (days), mean (SD)

Nonadherence (degree), n (%)

——b11 (11)11 (48)No deviation (0)

——4 (4)5 (22)Mild (1)

——7 (7)4 (17)Moderate (2)

——1 (1)2 (9)Severe (3)

——0 (0)1 (4)Very severe (4)

DDFQ, phosphorus

.450.25 (0.33 to 0.83)1.9 (3.0)1.1 (3.2)Nonadherence (days), mean (SD)

Nonadherence (degree), n (%)

——10 (44)19 (83)No deviation (0)

——5 (22)1 (4)Mild (1)

——7 (30)2 (9)Moderate (2)

——1 (4)0 (0)Severe (3)

——0 (0)1 (4)Very severe (4)

KnQc, mean (SD)

<.0011.22 (0.59 to 1.85)68.1 (13.3)51.4 (13.9)% Overall knowledge (>18 questions)

.060.54 (–0.05 to 1.12)57.1 (12.2)47.8 (21.4)Knowledge of phosphorus content of food (>7 questions)

<.0011.15 (0.53 to 1.77)66.3 (20.8)43.5 (18.8)Knowledge of consequences of high levels of phospho-
rus (>4 questionnaire)

<.0011.00 (0.39 to 1.61)76.1 (24.4)48.9 (29.6)Knowledge of phosphate binders (>4 questions)

aDDFQ: Dialysis Diet and Fluid Questionnaire.
bNot applicable.
cKnQ: Knowledge Questionnaire.

Serum Phosphorus and Dietary Intake
Dietary protein intake increased from a mean intake of 0.9 (SD
0.3) g/kg per day to a mean intake of 1.3 (SD 0.5) g/kg per day
with a large effect size (d=1.07, 95% CI 0.45 to 1.69).
Phosphorus intake as compared to phosphorus needs did not
change. However, the phosphorus to protein ratio dropped from
a mean of 18.4 mg/g of protein to 13.5 mg/g of protein with a
large effect size (d=0.83, 95% CI 0.22 to 1.43). This result is

desirable given that it is closer to the recommended 12 mg/g of
protein.

No changes were identified in serum phosphorus; however, the
number of participants with serum phosphorus above 6 mg/dL
increased to become 10 subjects as compared to 6 at baseline.
This may be in line with the increase in protein intake and a
slight increase in total phosphorus intake. Table 3 illustrates
data on serum phosphorus and dietary intake.
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Table 3. Baseline and postintervention dietary intake and serum phosphorus level (n=23).

P valueCohen d (95% CI)PostinterventionBaselineParameter

Phosphorus intake, mean (SD)

.880.42 (–0.15 to 1.01)1343.1 (83.0)1152.5 (489.8)Dietary phosphorus (mg/d)

.720.02 (–0.55 to 0.60)109.4 (45.5)108.3 (44.5)% compliance to phosphorus needs

<.0011.00 (0.38 to 1.61)103.8 (37.8)71.1 (26.4)Dietary protein (g/d)

<.0011.07 (0.45 to 1.69)1.3 (0.5)0.9 (0.3)Dietary protein (g/kg/d)

.010.83 (0.22 to 1.43)13.5 (2.9)18.4 (7.9)Phosphorus to protein ratio (mg/g)

.600.15 (–0.43 to 0.73)5.5 (2.0)5.3 (1.5)Serum phosphorus (mg/dL), mean (SD)

Nonadherence to serum phosphorus, n (%)

——a11 (48)11 (48)< 5 mg/dL

——2 (9)6 (26)5-6 mg/dL

——10 (43)6 (26)> 6 mg/dL

aNot applicable.

Discussion

Principal Findings
The main findings of this prospective pilot study show that
in-app nutrition education, as a supportive tool to dietitians, can
improve knowledge of the renal diet among patients undergoing
hemodialysis. Thus, the in-app educational features
(notifications, podcasts, videos, and recipes) of the KELA.AE
app might have potential as a useful source of nutrition
education for patients undergoing hemodialysis. The use of
smartphones as supportive tools to deliver education may help
overcome the time limitation barrier that is reported during
face-to-face encounters with dietitians and physicians [17].
Accordingly, app availability may be beneficial to both patients
and health care practitioners as supportive tools for regular care.

However, self-reported adherence to the renal diet was not
changed after the use of the KELA.AE smartphone app.
Self-reported dietary questionnaires may be a source of bias
related to social desirability. Nevertheless, adherence to
phosphorus intake (24-hour recalls) and serum phosphorus did
not improve either. Knowledge scores were not satisfactory at
baseline (below the 60% cutoff used) and increased significantly
to reach a mean score of 68.1%. It seems that the association
between knowledge and dietary nonadherence in dialysis
patients is not always clear [39]. In the results of this prospective
pilot, nonadherence to the phosphorus content of the diet
increased after the intervention. The increase in knowledge may
explain this. Patients might have become more aware of the
phosphorus content of food and therefore, their self-perception
of nonadherence changed accordingly. A study performed in
patients with heart failure reported that despite knowledge on
the sodium restriction diet being high, only 40% of participants
were adherent to the restrictions based on urine sodium
excretion. However, perception of the benefits of the diet was
correlated with dietary adherence [40]. Nevertheless, other
studies have found that intense nutrition education [41,42] and
dietary knowledge [15] improve adherence. Accordingly, longer
exposure to continuous education both by dietitians and in-app

education material may be needed to understand if increased
knowledge may improve adherence and possibly serum
phosphorus.

An increase in dietary protein was nevertheless observed as an
outcome of the intervention. Protein intake in hemodialysis is
essential for the prevention of malnutrition. There is also an
association between reduced protein intake and increased
mortality [43]. The participants in this pilot study started with
low protein intake as compared to the needs of ≥1.2 g/kg/d
recommended by NKF KDOQI guidelines [3] and achieved an
average intake in line with recommendations postintervention.
The contradiction between the protein and phosphorous
recommendations of the dialysis diet may lead to protein
restriction as a result of decreased phosphorous intake. Baseline
and postintervention phosphorus intake were within phosphorus
recommendations. Therefore, the increase in protein intake did
not negatively impact phosphorus intake. Additionally, the
phosphorus to protein ratio postintervention was closer to the
recommended ratio of 10 to 12 mg/g of protein [3], meaning
that patients increased their protein intake while choosing foods
that were lower in phosphorus. These dietary changes may be
a result of increased patient knowledge. However, the duration
of the intervention may have been too short to detect changes
in serum phosphorus, which is a limitation of the pilot. This
will be better explored in the future trial.

Adherence to phosphate binders is also an essential component
in the phosphorous management of dialysis patients. In this
pilot, knowledge pertinent to phosphate binders improved
postintervention; however, adherence to binders was not
measured directly. Additionally, types of binders and their
prescriptions were not investigated and benchmarked with
recommendations.

Limitations
Another limitation of the pilot study is the lack of app use data,
which was not retrievable due to the lack of in-app analytics.
The first and last access for each user are the only data available,
and all users had accessed the app at least once during each
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week. The next version of the app will include in-app analytics
to allow the future trial to track if app use influences
improvement in outcomes.

Additionally, user acceptability should also be further assessed.
A questionnaire was used during this pilot study to explore
acceptability; however, all participants provided answers
indicating that they strongly agree with all the questions. The
team considered the data collected unsuitable for the assessment
of acceptability. Acceptability will be assessed in the future
trial using the validated Arabic version of the Mobile
Application Rating Scale [44]. Qualitative data will also be
added to the assessment during the future trial.

Valid interpretation, translation, and generalizability of mHealth
interventions also depend on the assessment of treatment fidelity
[45]. The future trial will also assess treatment fidelity in-depth
to ensure integrity, reliability, and validity of this mHealth
intervention before the interpretation and generalizability of the
results. During this pilot, we were unable to ensure compliance
with all the goals of treatment fidelity proposed by the Treatment
Fidelity Workgroup of the National Institutes of Health Behavior
Change Consortium [46]. Among the goals that we were able
to meet during the pilot are the standardization of treatment and
prevention of contamination, participants’ ability to use the app,
and provider training. The steps included automated notifications
delivered equally to all participants, an orientation session for
participants, pilot testing of educational materials, and the
training provided to the dietitians meeting patients weekly.
However, due to the lack of in-app analytics, we were unable
to track the enactment of the self-monitoring tools adequately.

The intervention included encounters with dietitians that may
have influenced the outcomes. This methodology was opted as
this is how the app use is envisioned in the practice setting. The
app would be a tool that dietitians use to support patient
education and self-monitoring. The reinforcement of the

dietitians, however, may have influenced the results.
Accordingly, the future trial will include a control group
whereby dietitians see patients with the same frequency but
without app use.

This pilot aimed to assess and refine the methodology and
procedures of a future trial aiming to detect the efficacy of app
use in the adequate management of phosphorous in patients
undergoing hemodialysis. Similar to the few available studies
evaluating dietary apps for CKD on a smartphone [23], our
results show potential benefits on dietary intake. However, this
study is unique for evaluating the potential of apps as
educational tools to support dietitians. Additionally, it is the
first intervention reporting the role of dietary apps for CKD in
Arabic. Based on the findings, the planned trial should be
designed to compare regular dietary interventions with dietary
interventions supported by the app to avoid the possible
confounding effects of the dietitian. During this study,
participants often consulted with the research team throughout
the regular weekly visits; thus, it would be important to explore
further if the app enhances the phosphorous management or if
it is instead the frequent dietary follow-up that leads to
improvements. In conclusion, the future trial should also
evaluate the use of phosphate binders, app use data,
acceptability, and fidelity, and it should be designed in a way
to detect if the app provides any advantages in the clinical
outcomes of phosphorous management as compared to intensive
dietary follow up by a dietitian.

Conclusions
The findings of this pilot study indicate that there is potential
in the use of a smartphone app as a supportive nutrition
education tool. A rigorous RCT should be performed to evaluate
the efficacy, in which app use and long-term impact should be
assessed.

Acknowledgments
We acknowledge the staff and students from Zayed University who volunteered by contributing to the app development at many
steps. This study was funded by research grant R18060 provided by Zayed University.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Dialysis Diet and Fluid non-adherence Questionnaire.
[DOCX File , 41 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Knowledge Questionnaire.
[PDF File (Adobe PDF File), 118 KB-Multimedia Appendix 2]

Multimedia Appendix 3
CONSORT 2010 checklist of information to include when reporting a pilot or feasibility trial.
[DOC File , 228 KB-Multimedia Appendix 3]

References

JMIR Form Res 2021 | vol. 5 | iss. 6 | e17858 | p. 8https://formative.jmir.org/2021/6/e17858
(page number not for citation purposes)

Fakih El Khoury et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=formative_v5i6e17858_app1.docx&filename=5171ce418f7d7fdb9a0bd70ccc6a3a9f.docx
https://jmir.org/api/download?alt_name=formative_v5i6e17858_app1.docx&filename=5171ce418f7d7fdb9a0bd70ccc6a3a9f.docx
https://jmir.org/api/download?alt_name=formative_v5i6e17858_app2.pdf&filename=7d53a5345dbebb1c4ce6272a09ade695.pdf
https://jmir.org/api/download?alt_name=formative_v5i6e17858_app2.pdf&filename=7d53a5345dbebb1c4ce6272a09ade695.pdf
https://jmir.org/api/download?alt_name=formative_v5i6e17858_app3.doc&filename=759e29b3754167947f7e3d9f7c583c57.doc
https://jmir.org/api/download?alt_name=formative_v5i6e17858_app3.doc&filename=759e29b3754167947f7e3d9f7c583c57.doc
http://www.w3.org/Style/XSL
http://www.renderx.com/


1. Palmer SC, Maggo JK, Campbell KL, Craig JC, Johnson DW, Sutanto B, et al. Dietary interventions for adults with chronic
kidney disease. Cochrane Database Syst Rev 2017 Apr 23;4:CD011998 [FREE Full text] [doi:
10.1002/14651858.CD011998.pub2] [Medline: 28434208]

2. Beto JA, Ramirez WE, Bansal VK. Medical nutrition therapy in adults with chronic kidney disease: integrating evidence
and consensus into practice for the generalist registered dietitian nutritionist. J Acad Nutr Diet 2014 Jul;114(7):1077-1087.
[doi: 10.1016/j.jand.2013.12.009] [Medline: 24582998]

3. Kopple JD. National Kidney Foundation K/DOQI clinical practice guidelines for nutrition in chronic renal failure. Am J
Kidney Dis 2001 Jan;37(1 Suppl 2):S66-S70. [doi: 10.1053/ajkd.2001.20748] [Medline: 11158865]

4. Hollingdale R, Sutton D, Hart K. Facilitating dietary change in renal disease: investigating patients' perspectives. J Ren
Care 2008 Sep;34(3):136-142. [doi: 10.1111/j.1755-6686.2008.00034.x] [Medline: 18786080]

5. Abe M, Okada K, Soma M. Mineral metabolic abnormalities and mortality in dialysis patients. Nutrients 2013 Mar
22;5(3):1002-1023 [FREE Full text] [doi: 10.3390/nu5031002] [Medline: 23525083]

6. Rodriguez-Benot A, Martin-Malo A, Alvarez-Lara MA, Rodriguez M, Aljama P. Mild hyperphosphatemia and mortality
in hemodialysis patients. Am J Kidney Dis 2005 Jul;46(1):68-77. [doi: 10.1053/j.ajkd.2005.04.006] [Medline: 15983959]

7. Shaman AM, Kowalski SR. Hyperphosphatemia management in patients with chronic kidney disease. Saudi Pharm J 2016
Jul;24(4):494-505 [FREE Full text] [doi: 10.1016/j.jsps.2015.01.009] [Medline: 27330380]

8. Lambert K, Mansfield K, Mullan J. Qualitative exploration of the experiences of renal dietitians and how they help patients
with end stage kidney disease to understand the renal diet. Nutr Diet 2019 Apr;76(2):126-134. [doi: 10.1111/1747-0080.12443]
[Medline: 29968271]

9. Clark-Cutaia MN, Ren D, Hoffman LA, Burke LE, Sevick MA. Adherence to hemodialysis dietary sodium recommendations:
influence of patient characteristics, self-efficacy, and perceived barriers. J Ren Nutr 2014 Mar;24(2):92-99 [FREE Full
text] [doi: 10.1053/j.jrn.2013.11.007] [Medline: 24462498]

10. van Doorn-van Atten MN, de Groot LCPGM, de Vries JHM, Haveman-Nies A. Determinants of behaviour change in a
multi-component telemonitoring intervention for community-dwelling older adults. Nutrients 2018 Aug 10;10(8):1 [FREE
Full text] [doi: 10.3390/nu10081062] [Medline: 30103399]

11. Caldeira D, Amaral T, David C, Sampaio C. Educational strategies to reduce serum phosphorus in hyperphosphatemic
patients with chronic kidney disease: systematic review with meta-analysis. J Ren Nutr 2011 Jul;21(4):285-294. [doi:
10.1053/j.jrn.2010.11.006] [Medline: 21429764]

12. Elliott JO, Ortman C, Almaani S, Lee YH, Jordan K. Understanding the associations between modifying factors, individual
health beliefs, and hemodialysis patients' adherence to a low-phosphorus diet. J Ren Nutr 2015 Mar;25(2):111-120. [doi:
10.1053/j.jrn.2014.08.006] [Medline: 25282006]

13. Durose CL, Holdsworth M, Watson V, Przygrodzka F. Knowledge of dietary restrictions and the medical consequences of
noncompliance by patients on hemodialysis are not predictive of dietary compliance. J Am Diet Assoc 2004 Jan;104(1):35-41.
[doi: 10.1016/j.jada.2003.10.016] [Medline: 14702581]

14. Philippou E, Middleton N, Pistos C, Andreou E, Petrou M. The impact of nutrition education on nutrition knowledge and
adherence to the Mediterranean Diet in adolescent competitive swimmers. J Sci Med Sport 2017 Apr;20(4):328-332. [doi:
10.1016/j.jsams.2016.08.023] [Medline: 27692575]

15. Bonaccio M, Di Castelnuovo CA, Costanzo S, De Lucia F, Olivieri M, Donati MB, et al. Nutrition knowledge is associated
with higher adherence to Mediterranean diet and lower prevalence of obesity: results from the Moli-sani study. Appetite
2013 Sep;68:139-146. [doi: 10.1016/j.appet.2013.04.026] [Medline: 23665233]

16. Karavetian M, de Vries N, Rizk R, Elzein H. Dietary educational interventions for management of hyperphosphatemia in
hemodialysis patients: a systematic review and meta-analysis. Nutr Rev 2014 Jul;72(7):471-482. [doi: 10.1111/nure.12115]
[Medline: 24920494]

17. Anderson CAM, Nguyen HA. Nutrition education in the care of patients with chronic kidney disease and end-stage renal
disease. Semin Dial 2018 Mar;31(2):115-121. [doi: 10.1111/sdi.12681] [Medline: 29455475]

18. Gabrielli S, Dianti M, Maimone R, Betta M, Filippi L, Ghezzi M, et al. Design of a mobile app for nutrition education
(TreC-LifeStyle) and formative evaluation with families of overweight children. JMIR Mhealth Uhealth 2017 Apr 13;5(4):e48
[FREE Full text] [doi: 10.2196/mhealth.7080] [Medline: 28408361]

19. Fakih El Khoury C, Karavetian M, Halfens RJG, Crutzen R, El Chaar D, Schols JMGA. Dietary application for the
management of patients with hemodialysis: a formative development study. Healthc Inform Res 2019 Oct;25(4):262-273
[FREE Full text] [doi: 10.4258/hir.2019.25.4.262] [Medline: 31777669]

20. Fakih El Khoury C, Karavetian M, Halfens RJG, Crutzen R, Khoja L, Schols JMGA. The effects of dietary mobile apps
on nutritional outcomes in adults with chronic diseases: a systematic review and meta-analysis. J Acad Nutr Diet 2019
Apr;119(4):626-651. [doi: 10.1016/j.jand.2018.11.010] [Medline: 30686742]

21. Diamantidis CJ, Zuckerman M, Fink W, Hu P, Yang S, Fink JC. Usability of a CKD educational website targeted to patients
and their family members. Clin J Am Soc Nephrol 2012 Oct;7(10):1553-1560 [FREE Full text] [doi: 10.2215/CJN.03690412]
[Medline: 22798537]

JMIR Form Res 2021 | vol. 5 | iss. 6 | e17858 | p. 9https://formative.jmir.org/2021/6/e17858
(page number not for citation purposes)

Fakih El Khoury et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://europepmc.org/abstract/MED/28434208
http://dx.doi.org/10.1002/14651858.CD011998.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28434208&dopt=Abstract
http://dx.doi.org/10.1016/j.jand.2013.12.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24582998&dopt=Abstract
http://dx.doi.org/10.1053/ajkd.2001.20748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11158865&dopt=Abstract
http://dx.doi.org/10.1111/j.1755-6686.2008.00034.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18786080&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu5031002
http://dx.doi.org/10.3390/nu5031002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23525083&dopt=Abstract
http://dx.doi.org/10.1053/j.ajkd.2005.04.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15983959&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1319-0164(15)00010-9
http://dx.doi.org/10.1016/j.jsps.2015.01.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27330380&dopt=Abstract
http://dx.doi.org/10.1111/1747-0080.12443
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29968271&dopt=Abstract
http://europepmc.org/abstract/MED/24462498
http://europepmc.org/abstract/MED/24462498
http://dx.doi.org/10.1053/j.jrn.2013.11.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24462498&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu10081062
https://www.mdpi.com/resolver?pii=nu10081062
http://dx.doi.org/10.3390/nu10081062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30103399&dopt=Abstract
http://dx.doi.org/10.1053/j.jrn.2010.11.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21429764&dopt=Abstract
http://dx.doi.org/10.1053/j.jrn.2014.08.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25282006&dopt=Abstract
http://dx.doi.org/10.1016/j.jada.2003.10.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14702581&dopt=Abstract
http://dx.doi.org/10.1016/j.jsams.2016.08.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27692575&dopt=Abstract
http://dx.doi.org/10.1016/j.appet.2013.04.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23665233&dopt=Abstract
http://dx.doi.org/10.1111/nure.12115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24920494&dopt=Abstract
http://dx.doi.org/10.1111/sdi.12681
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29455475&dopt=Abstract
http://mhealth.jmir.org/2017/4/e48/
http://dx.doi.org/10.2196/mhealth.7080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28408361&dopt=Abstract
https://www.e-hir.org/DOIx.php?id=10.4258/hir.2019.25.4.262
http://dx.doi.org/10.4258/hir.2019.25.4.262
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31777669&dopt=Abstract
http://dx.doi.org/10.1016/j.jand.2018.11.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30686742&dopt=Abstract
http://cjasn.asnjournals.org/cgi/pmidlookup?view=long&pmid=22798537
http://dx.doi.org/10.2215/CJN.03690412
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22798537&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


22. Siddique AB, Krebs M, Alvarez S, Greenspan I, Patel A, Kinsolving J, et al. Mobile apps for the care management of
chronic kidney and end-stage renal diseases: systematic search in app stores and evaluation. JMIR Mhealth Uhealth 2019
Sep 04;7(9):e12604 [FREE Full text] [doi: 10.2196/12604] [Medline: 31486408]

23. Kosa SD, Monize J, D'Souza M, Joshi A, Philip K, Reza S, et al. Nutritional mobile applications for CKD patients: systematic
review. Kidney Int Rep 2019 Mar;4(3):399-407 [FREE Full text] [doi: 10.1016/j.ekir.2018.11.016] [Medline: 30899867]

24. Search results for chronic + kidney + disease AND mHealth. ClinicalTrials.gov. 2020. URL: https://www.clinicaltrials.gov/
ct2/results?cond=Chronic+Kidney+Diseases&term=mHealth&cntry=&state=&city=&dist= [accessed 2020-11-03]

25. Mummah SA, Robinson TN, King AC, Gardner CD, Sutton S. IDEAS (Integrate, Design, Assess, and Share): a framework
and toolkit of strategies for the development of more effective digital interventions to change health behavior. J Med Internet
Res 2016 Dec 16;18(12):e317 [FREE Full text] [doi: 10.2196/jmir.5927] [Medline: 27986647]

26. Lancaster GA, Thabane L. Guidelines for reporting non-randomised pilot and feasibility studies. Pilot Feasibility Stud
2019;5:114 [FREE Full text] [doi: 10.1186/s40814-019-0499-1] [Medline: 31608150]

27. Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: updated guidelines for reporting parallel group randomized
trials. Ann Intern Med 2010 Jun 1;152(11):726-732. [doi: 10.7326/0003-4819-152-11-201006010-00232] [Medline:
20335313]

28. Viechtbauer W, Smits L, Kotz D, Budé L, Spigt M, Serroyen J, et al. A simple formula for the calculation of sample size
in pilot studies. J Clin Epidemiol 2015 Nov;68(11):1375-1379. [doi: 10.1016/j.jclinepi.2015.04.014] [Medline: 26146089]

29. Prochaska JO, Velicer WF. The transtheoretical model of health behavior change. Am J Health Promot 1997;12(1):38-48.
[doi: 10.4278/0890-1171-12.1.38] [Medline: 10170434]

30. Fishbein M. A reasoned action approach to health promotion. Med Decis Making 2008;28(6):834-844 [FREE Full text]
[doi: 10.1177/0272989X08326092] [Medline: 19015289]

31. Karavetian M, de Vries N, Elzein H, Rizk R, Bechwaty F. Effect of behavioral stage-based nutrition education on management
of osteodystrophy among hemodialysis patients, Lebanon. Patient Educ Couns 2015 Sep;98(9):1116-1122. [doi:
10.1016/j.pec.2015.05.005] [Medline: 26070468]

32. Vlaminck H, Maes B, Jacobs A, Reyntjens S, Evers G. The dialysis diet and fluid non-adherence questionnaire: validity
testing of a self-report instrument for clinical practice. J Clin Nurs 2001 Sep;10(5):707-715. [doi:
10.1046/j.1365-2702.2001.00537.x] [Medline: 11822521]

33. Karavetian M, Abboud S, Elzein H, Haydar S, de Vries N. Nutritional education for management of osteodystrophy (NEMO)
trial: design and patient characteristics, Lebanon. Nutr Res Pract 2014 Feb;8(1):103-111 [FREE Full text] [doi:
10.4162/nrp.2014.8.1.103] [Medline: 24611112]

34. Ford JC, Pope JF, Hunt AE, Gerald B. The effect of diet education on the laboratory values and knowledge of hemodialysis
patients with hyperphosphatemia. J Ren Nutr 2004 Jan;14(1):36-44. [doi: 10.1053/j.jrn.2003.09.008] [Medline: 14740329]

35. Van Horn L, Beto J. Research: Successful Approaches in Nutrition and Dietetics, 4th Edition. Cleveland: Academy of
Nutrition and Dietetics; 2019.

36. FoodData Central. US Dept of Agriculture. 2019. URL: https://fdc.nal.usda.gov/ [accessed 2019-04-01]
37. Nutrition Care Manual. Cleveland: Academy of Nutrition and Dietetics; 2019.
38. Cohen J. A power primer. Psychol Bull 1992 Jul;112(1):155-159. [Medline: 19565683]
39. Miyata KN, Shen JI, Nishio Y, Haneda M, Dadzie KA, Sheth NR, et al. Patient knowledge and adherence to maintenance

hemodialysis: an International comparison study. Clin Exp Nephrol 2018 Aug;22(4):947-956 [FREE Full text] [doi:
10.1007/s10157-017-1512-8] [Medline: 29185127]

40. Lennie TA, Worrall-Carter L, Hammash M, Odom-Forren J, Roser LP, Smith CS, et al. Relationship of heart failure patients'
knowledge, perceived barriers, and attitudes regarding low-sodium diet recommendations to adherence. Prog Cardiovasc
Nurs 2008;23(1):6-11. [doi: 10.1111/j.1751-7117.2008.04628.x] [Medline: 18326994]

41. Paes-Barreto JG, Silva MIB, Qureshi AR, Bregman R, Cervante VF, Carrero JJ, et al. Can renal nutrition education improve
adherence to a low-protein diet in patients with stages 3 to 5 chronic kidney disease? J Ren Nutr 2013 May;23(3):164-171.
[doi: 10.1053/j.jrn.2012.10.004] [Medline: 23194841]

42. Deif H, Elsawi K, Selim M, NasrAllah M. Effect of an educational program on adherence to therapeutic regimen among
chronic kidney disease stage 5 (CKD5) patients under maintenance hemodialysis. J Educ Pract 2015;6(5):21-33 [FREE
Full text]

43. Fouque D, Horne R, Cozzolino M, Kalantar-Zadeh K. Balancing nutrition and serum phosphorus in maintenance dialysis.
Am J Kidney Dis 2014 Jul;64(1):143-150. [doi: 10.1053/j.ajkd.2014.01.429] [Medline: 24819675]

44. Bardus M, Awada N, Ghandour LA, Fares E, Gherbal T, Al-Zanati T, et al. The Arabic version of the Mobile App Rating
Scale: development and validation study. JMIR Mhealth Uhealth 2020 Mar 03;8(3):e16956 [FREE Full text] [doi:
10.2196/16956] [Medline: 32130183]

45. Shaw RJ, Steinberg DM, Zullig LL, Bosworth HB, Johnson CM, Davis LL. mHealth interventions for weight loss: a guide
for achieving treatment fidelity. J Am Med Inform Assoc 2014;21(6):959-963. [doi: 10.1136/amiajnl-2013-002610] [Medline:
24853065]

JMIR Form Res 2021 | vol. 5 | iss. 6 | e17858 | p. 10https://formative.jmir.org/2021/6/e17858
(page number not for citation purposes)

Fakih El Khoury et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://mhealth.jmir.org/2019/9/e12604/
http://dx.doi.org/10.2196/12604
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31486408&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2468-0249(18)30311-5
http://dx.doi.org/10.1016/j.ekir.2018.11.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30899867&dopt=Abstract
https://www.clinicaltrials.gov/ct2/results?cond=Chronic+Kidney+Diseases&term=mHealth&cntry=&state=&city=&dist=
https://www.clinicaltrials.gov/ct2/results?cond=Chronic+Kidney+Diseases&term=mHealth&cntry=&state=&city=&dist=
http://www.jmir.org/2016/12/e317/
http://dx.doi.org/10.2196/jmir.5927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27986647&dopt=Abstract
https://pilotfeasibilitystudies.biomedcentral.com/articles/10.1186/s40814-019-0499-1
http://dx.doi.org/10.1186/s40814-019-0499-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31608150&dopt=Abstract
http://dx.doi.org/10.7326/0003-4819-152-11-201006010-00232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20335313&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2015.04.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26146089&dopt=Abstract
http://dx.doi.org/10.4278/0890-1171-12.1.38
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10170434&dopt=Abstract
http://europepmc.org/abstract/MED/19015289
http://dx.doi.org/10.1177/0272989X08326092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19015289&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2015.05.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26070468&dopt=Abstract
http://dx.doi.org/10.1046/j.1365-2702.2001.00537.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11822521&dopt=Abstract
https://e-nrp.org/DOIx.php?id=10.4162/nrp.2014.8.1.103
http://dx.doi.org/10.4162/nrp.2014.8.1.103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24611112&dopt=Abstract
http://dx.doi.org/10.1053/j.jrn.2003.09.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14740329&dopt=Abstract
https://fdc.nal.usda.gov/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19565683&dopt=Abstract
http://europepmc.org/abstract/MED/29185127
http://dx.doi.org/10.1007/s10157-017-1512-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29185127&dopt=Abstract
http://dx.doi.org/10.1111/j.1751-7117.2008.04628.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18326994&dopt=Abstract
http://dx.doi.org/10.1053/j.jrn.2012.10.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23194841&dopt=Abstract
https://files.eric.ed.gov/fulltext/EJ1083638.pdf
https://files.eric.ed.gov/fulltext/EJ1083638.pdf
http://dx.doi.org/10.1053/j.ajkd.2014.01.429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24819675&dopt=Abstract
https://mhealth.jmir.org/2020/3/e16956/
http://dx.doi.org/10.2196/16956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32130183&dopt=Abstract
http://dx.doi.org/10.1136/amiajnl-2013-002610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24853065&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


46. Bellg AJ, Borrelli B, Resnick B, Hecht J, Minicucci DS, Ory M, et al. Enhancing treatment fidelity in health behavior
change studies: best practices and recommendations from the NIH Behavior Change Consortium. Health Psychol 2004
Sep;23(5):443-451. [doi: 10.1037/0278-6133.23.5.443] [Medline: 15367063]

Abbreviations
CKD: chronic kidney disease
CONSORT: Consolidated Standards of Reporting Trials
IDEAS: integrate, design, assess, and share framework
KELA.AE: Kidney Education Lifestyle Application
NKF KDOQI: National Kidney Foundation Kidney Disease Outcomes Quality Initiative
RCT: randomized controlled trial

Edited by G Eysenbach; submitted 17.01.20; peer-reviewed by M Bardus, YC Kato-Lin, AA Dumas, L Donkin; comments to author
23.09.20; revised version received 18.11.20; accepted 04.04.21; published 01.06.21

Please cite as:
Fakih El Khoury C, Crutzen R, Schols JMGA, Halfens RJG, Karavetian M
Adequate Management of Phosphorus in Patients Undergoing Hemodialysis Using a Dietary Smartphone App: Prospective Pilot
Study
JMIR Form Res 2021;5(6):e17858
URL: https://formative.jmir.org/2021/6/e17858
doi: 10.2196/17858
PMID:

©Cosette Fakih El Khoury, Rik Crutzen, Jos MGA Schols, Ruud JG Halfens, Mirey Karavetian. Originally published in JMIR
Formative Research (https://formative.jmir.org), 01.06.2021. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work, first published in JMIR Formative Research, is properly cited. The
complete bibliographic information, a link to the original publication on https://formative.jmir.org, as well as this copyright and
license information must be included.

JMIR Form Res 2021 | vol. 5 | iss. 6 | e17858 | p. 11https://formative.jmir.org/2021/6/e17858
(page number not for citation purposes)

Fakih El Khoury et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1037/0278-6133.23.5.443
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15367063&dopt=Abstract
https://formative.jmir.org/2021/6/e17858
http://dx.doi.org/10.2196/17858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

