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Abstract
Background: Mobile technology has an impact on the health care sector, also within dietetics. Mobile health (mHealth) apps
may be used for dietary assessment and self-monitoring, allowing for real-time reporting of food intakes. Changing eating behaviors
is quite challenging, and patients undergoing hemodialysis, particularly, struggle to meet the target intakes set by dietary guidelines.
Usage of mobile apps that are developed in a person-centered approach and in line with recommendations may support both
patients and health care practitioners.
Objective: This study is a pilot that aims at estimating the potential efficacy of a dietary intervention using a theory-based,
person-centered smartphone app. Results will be used to improve both the app and a planned large-scale trial intended to assess
app efficacy thoroughly.
Methods: A prospective pilot study was performed at the hemodialysis unit of Al Qassimi Hospital (The Emirate of Sharjah).
All patients that fulfilled the study inclusion criteria were considered eligible to be enrolled in the pilot study. Upon successful
installation of the app, users met with a dietitian once a week. Outcomes were measured at baseline (T0) and 2 weeks post app
usage (T1). This pilot is reported as per guidelines for nonrandomized pilot and feasibility studies and in line with the CONSORT
2010 checklist for reporting pilot or feasibility trials.
Results: A total of 23 patients completed the pilot intervention. Mean energy intakes increased from 24.4 kcal/kg/day (SD 8.0)
to 29.1 kcal/kg/day (SD 7.8) with a medium effect size (d=0.6, 95% CI 0.0-1.2). Mean protein intakes increased from 0.9 g/kg/day
(SD 0.3) to 1.3 g/kg/day (SD 0.5) with a large effect size (d=1.0, 95% CI 0.4-1.6); mean intake of high biological value (%HBV)
proteins also increased from 58.6% (SD 10.1) to 70.1% (SD 10.7) with a large effect size (d=1.1, 95% CI 0.5-1.7). Dietary intakes
of minerals did not change, apart from sodium which decreased from a mean intake of 2218.8 mg/day (SD 631.6) to 1895.3
mg/day (SD 581.0) with a medium effect size (d=0.5, 95% CI 0.1-1.1). Mean serum phosphorus, potassium, and albumin levels
did not change relevantly. Mean serum iron increased from 7.9 mg/dL (SD 2.8) to 11.5 mg/dL (SD 7.9) postintervention with a
medium effect size (d=0.6, 95% CI 0.0-1.2).
Conclusions: This pilot study showed that the KELA.AE app has the potential to improve dietary intakes. Processes related to
procedure, resources, tools, and app improvement for a future trial were assessed. A more extended intervention using a randomized
controlled trial is required to estimate parameters concerning app efficacy accurately.
(J Med Internet Res 2020;22(7):e17817) doi: 10.2196/17817
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Introduction
Mobile technology has the potential to improve health care
coverage, especially in low- to middle-income countries where
people may be more likely to have access to a smartphone than
to basic needs such as safe water and electricity [1].
Self-tracking and wearable technologies have become popular,
particularly in the areas of diet and fitness [2]. Previous research
on mobile health (mHealth) interventions provides evidence
regarding their effectiveness [3-5]. However, their role as
educational tools or as supportive tools to standard care remains
inconclusive [3,6].
Mobile technology may assist in the introduction of new
methods of dietary assessment and self-monitoring, allowing
for real-time reporting of food intakes [7]. Self-monitoring is
an important factor in successful dietary behavior changes [8].
In a previous study on a weight loss intervention, the more
participants recorded food intakes on a mobile app, the more
likely they were to lose weight [9]. However, patients may not
always be interested and willing to track intakes [10], and
commitment to self-monitoring decreases over time, even with
the use of mobile technology [11].
Changing eating behaviors is difficult [12], and adherence to
guidelines is challenging, especially for patients with chronic
conditions such as chronic kidney disease (CKD) [13]. In
particular, patients undergoing hemodialysis struggle to meet
the target intakes set by dietary guidelines [14]. The diet during
hemodialysis is somewhat restrictive, requiring the management
of potassium, phosphorus, sodium, and fluids while maintaining
adequate protein and energy intakes to prevent malnutrition
[15]. In a recent study assessing adherence to diet guidelines
among patients undergoing hemodialysis, 77% and 50% of the
patients, respectively, consumed less energy and proteins than
recommended. These low intakes could be attributed to the
restrictive nature of the dialysis diet. In the same study,
participants were also found to consume excessive saturated
fats and inadequate intakes of fibers and micronutrients [14].
Maintaining adequate intake of minerals such as potassium,
phosphorus, and calcium is essential in the prevention of
dialysis-related complications such as heart failure, metabolic
bone disorders, and mortality [16,17]. Protein-energy
malnutrition is also a contributor to complications, and
malnutrition among patients undergoing dialysis is a predictor
of mortality [18]. Accordingly, it seems that the diet quality of
these patients is often poor and that they do not follow
dialysis-specific guidelines [14,19].

long-term changes in eating habits and lifestyle [12]. There is
a need for nephrologists and dietitians to adopt approaches that
strengthen educational and clinical interventions [14]. Possibly,
mobile technology could be used to enhance dietetic practice
by providing support to patients and dietitians. Thus, adding
mobile apps to in-person counseling may provide more
accessible and flexible dietetic services at lower costs [20].
However, research on the role of mHealth in dietary behavior
in patients undergoing hemodialysis is still scarce [21].
This is a pilot study that aims at estimating the potential of a
dietary intervention using a smartphone app in patients
undergoing hemodialysis. The results from this pilot study will
be used to improve the app itself as well as the study design of
the planned randomized controlled trial.

Methods
Participants
All patients at the hemodialysis unit of Al Qassimi Hospital
(The Emirate of Sharjah) who fulfilled the study inclusion
criteria were considered eligible to be enrolled in the pilot study.
Inclusion criteria were patients undergoing hemodialysis for at
least three months; free of life-threatening conditions; able to
read, write, listen, and communicate; owning an Android
smartphone; and not having been hospitalized in the past 6
months. All patients approached who accepted to enroll in the
study signed written consent forms. A total of 26 participants
were enrolled in the pilot, of which 23 downloaded and used
the app for 2 weeks. Data were collected between February
2019 and 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 patients [22].

KELA.AE App
KELA.AE (Kidney Education for Lifestyle Application) is an
Arabic, culturally specific, educational, and self-monitoring
app that was developed in a person-centered, theory-based
approach. Educational materials were developed based on the
transtheoretical model [23] and constructs of the reasoned action
approach [24]. Included educational materials are podcasts,
videos, notifications, and recipes. The app also provides
self-monitoring features that allow patients to track food intakes
and blood parameters. The app was developed following the
IDEAS (integrate, design, assess, and share) framework [25];
a detailed description of the app development is described
elsewhere [10]. Figure 1 depicts screenshots from the app.

The main challenge in changing dietary behavior is developing
interventions that are comprehensive and sustainable, promoting
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Figure 1. Screenshots of the KELA.AE app used during the pilot study.

Procedure
This pilot is reported as per guidelines for nonrandomized pilot
and feasibility studies [26] and in line with the CONSORT 2010
checklist for reporting a pilot or feasibility trial (items pertinent
to randomization were considered not applicable) [27]. Ethical
approval was received from the Institutional Review Board of
Zayed University, Dubai (Ethical Approval number
ZU17_066_F).
Participants who consented to enroll in the pilot study
downloaded the app and were provided with usernames that
allowed them to sign-in to the app. Upon successful installation
of the app, users met with a dietitian once a week (two times in
total); the dietitians responded to concerns pertinent to app
usage, as well as questions about the renal diet by reinforcing
the critical messages relayed by the educational materials. The
dietitians also collected the data from patients before and after
app usage. All outcomes were measured before (T0) and after
2 weeks (T1) of app usage.

Dietary Intakes
Face-to-face 24-hour recalls were collected [28] at T0 and T1
for all participants; nutrient compositions were derived for
energy, carbohydrates, proteins, high biological value (%HBV)
proteins, total fat, potassium, phosphorus, and sodium. Intakes
were then compared with dietary guidelines for patients
undergoing hemodialysis [15,29]. Protein targets were
considered as 1.2 g/kg or more with 50% or higher HBV protein;
energy as 30-35 kcal/kg; phosphorus as 1000 mg/day for
participants with serum phosphorus below 5.5 mg/day and 12
mg/g of protein intake for participants with serum phosphorus
below 5.5 mg/dL. Sodium and potassium targets were
considered less than 2400 mg/day [15,29]. Standard body weight
from the National Health and Nutrition Examination Study was
used for calculations; however, adjusted edema-free body weight
was used for calculating nutrient needs for individuals with less
than 95% or greater than 115% of standard body weight [29].
Textbox 1 illustrates the dietary guidelines that were used as
targets and that are also included in the adherence index.

Textbox 1. Dietary guidelines for patients undergoing hemodialysis used for adherence index [15,29]. HBV: high biological value, PTH: parathyroid
hormone, aBWef: adjusted edema-free body weight, SBW: standard body weight, BWef: edema-free body weight.
1.

Protein≥1.2 g/kg of body weight, ≥50% HBV protein

2.

Energy for those <60 years of age: kilogram (kg) of body weight × 35 kcal; >60 years of age: kilogram (kg) of bodyweight × 30 kcal/kg to 35
kcal/kg

3.

Sodium less than 2.4 g/day

4.

Potassium less than 2.4 g/day

5.

Phosphorus 800 mg/day to 1000 mg/day or 10-12 mg phosphorus/g of protein when serum phosphorus >5.5 mg/dL or intact PTH is elevated

6.

aBWef is recommended for calculating nutrient needs for individuals with <95% or >115% of SBW using the formula aBWef (kg) = BWef+
[(SBW – BWef) × 0.25]. SBW from the National Health and Nutrition Examination Study is used otherwise

Biochemical Parameters
Serum phosphorus, potassium, and iron were retrieved from the
patients’ medical records. These biochemical parameters were
measured as part of the routine tests performed in the
hemodialysis unit. All tests were conducted postdialysis (in
sessions). Comparative standards for serum potassium were
http://www.jmir.org/2020/7/e17817/
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considered between 3.5 and 5.5 mEq/L; and between 3.5 and
5.5 mg/dL for phosphorus [15,29].

Statistical Analysis
The Shapiro–Wilk normality test was performed to ensure that
data are normally distributed. Cohen d effect sizes and
confidence intervals (95%) were derived from means and pooled
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standard deviations. The effect size was considered small at 0.2,
medium at 0.5, and large at 0.8 and above [30]. Effect sizes
were calculated to understand the magnitude of the reported
effects along with the probability by means of P values [31].
Paired t tests were performed to compare the mean scores before
and after the intervention. Two-tailed P values are reported.
Frequencies and percentages were used to describe categorical
variables, whereas means and standard deviations were used
for continuous variables. Statistical software IBM SPSS
Statistics 21 Data Editor was used to perform all statistical
analyses.

Fakih El Khoury et al

Results
Participant Eligibility and Baseline Characteristics
Of the 149 patients at the hemodialysis unit, 26 were eligible,
of which 23 downloaded the app and completed the study.
Participants that were not eligible were mainly those who did
not own a smartphone or who owned a smartphone with an iOS
operating system; 2 participants did not download the app due
to limitations in phone storage, and 1 was not interested in
downloading the app. Figure 2 depicts the CONSORT flow
diagram. The sample’s mean age (years) was 48.5 (SD 13.7),
and mean BMI (kg/m2) was 31.9 (SD 7.9); participants had been
on dialysis for a mean of 29.7 (SD 37.3) months. More than
half of the participants were males (n=14), and more than half
suffered from hypertension or diabetes or both. Demographic
data are detailed in Table 1.

Figure 2. CONSORT study flow diagram.
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Table 1. Demographic and baseline characteristics of the sample (N=23).
Characteristics

Value

Age, mean (SD)

48.5 (13.7)

BMI, mean (SD)

31.9 (7.9)

Months on dialysis, mean (SD)

29.7 (37.3)

Gender, n (%)
Male

14 (61)

Smokers, n (%)

6 (26)

Comorbidities, n (%)
Hypertension

16 (70)

Diabetes

11 (48)

Dyslipidemia

2 (9)

Cancer

1 (4)

Liver disease

1 (4)

Anthropometry and Dietary Intakes
There was no change in weight and BMI postintervention;
however, mean dietary intakes changed mainly for energy and
macronutrients. Mean energy intakes increased from 24.4
kcal/kg/day (SD 8.0) to 29.1 kcal/kg/day (SD 7.8) with a
medium effect size (d=0.6, 95% CI 0.0-1.2). Mean protein
intakes increased from 0.9 g/kg/day (SD 0.3) to 1.3 g/kg/day
(SD 0.5) with a large effect size (d=1.0, 95% CI 0.4-1.6); mean
intake of HBV protein (%) also increased from 58.6% (SD 10.1)
to 70.1% (SD 10.7) with a large effect size (d=1.1, 95% CI
0.5-1.7). Total fat intakes increased from baseline with medium
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effect size (d=0.5, 95% CI 0.0-1.1). Dietary intakes of minerals
did not change, apart from sodium which decreased from a mean
intake of 2218.8 mg/day (SD 631.6) to 1895.3 mg/day (SD
581.0) with a medium effect size (d=0.5, 95% CI 0.1-1.1).

Biochemical Parameters
Serum phosphorus, potassium, and albumin did not change
relevantly. Mean serum iron increased from 7.9 mg/dL (SD 2.8)
to 11.5 mg/dL (SD 7.9) postintervention with a medium effect
size (d=0.6, 95% CI 0.0-1.2). Table 2 details the results of the
anthropometry, dietary intakes, and blood parameters.
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Table 2. Dietary intakes and laboratory data at baseline and postintervention.
Dietary intakes and laboratory
data

Baseline (T0),
mean (SD)

Postintervention (T1), mean (SD)

Cohen d (95% CI)

P value

Weight (kg)

85.5 (23.1)

84.1 (24.1)

0.1 (–0.5 to 0.6)

.37

BMI (kg/m2)

31.9 (7.9)

31.3 (8.5)

0.1 (–0.5 to 0.6)

.39

Energy intake (kcal/day)

1918.3 (570.4)

2206.2 (378.2)

0.6 (0.0 to 1.2)

.003*

Energy intake (kcal/kg/day)

24.4 (8.0)

29.1 (7.8)

0.6 (0.0 to 1.2)

.002*

Dietary protein (g/day)

71.1 (26.4)

103.8 (37.8)

1.0 (0.4 to 1.6)

<.001*

Dietary protein (g/kg/day)

0.9 (0.3)

1.3 (0.5)

1.1 (0.4 to 1.7)

<.001*

HBV proteina (%)

58.6 (10.1)

70.1 (10.7)

1.1 (0.5 to 1.7)

<.001*

Total dietary CHOb (g/day)

224.7 (88.0)

215.2 (40.7)

0.1 (–0.4 to 0.7)

.59

Total dietary fat (g/day)

87.3 (30.1)

103.0 (26.8)

0.5 (0.0 to 1.1)

.02*

Dietary potassium (mg/day)

1831.2 (728.4)

2046.1 (555.1)

0.3 (0.2 to 0.9)

.19

Dietary phosphorus (mg/day)

1152.5 (489.7)

1343.1 (398.0)

0.4 (0.2 to 1.0)

.09

Dietary sodium (mg/day)

2218.8 (631.6)

1895.3 (581.0)

0.5 (0.1 to 1.1)

.03*

Serum potassium (mg/dL)

4.7 (0.7)

4.7 (0.7)

0.0 (–0.6 to 0.6)

.92

Serum phosphorus (mg/dL)

5.2 (1.5)

5.5 (2.2)

0.15 (–0.4 to 0.7)

.60

Serum iron (mg/dL)

7.9 (2.8)

11.5 (7.9)

0.6 (0.0 to 1.2)

.03*

Serum aluminum (g/dL)

3.0 (0.4)

3.2 (0.8)

0.3 (–0.3 to 0.9)

.37

*P<.05.
a

HBV: high biological value.

b

CHO: carbohydrates.

Adherence to Dietary Guidelines in Hemodialysis
Adherence to dietary guidelines in hemodialysis improved for
energy intakes, protein intakes, and %HBV proteins with
medium to large sizes, respectively (d=0.4, 95% CI 0.2-1.0 for
energy; d=0.9, CI 0.3, 1.5 for proteins; d=1.1, 95% CI 0.5-1.7
for %HBV proteins). Adherence to fat, potassium, and
phosphorus intakes did not change, whereas adherence to sodium
further dropped to achieve intakes below 2400 mg/day with a

medium effect size (d=0.5, CI 0.1-1.1). The number of patients
adhering to dietary guidelines increased for energy, proteins,
and sodium, whereas a larger number of patients became
nonadherent to fat and phosphorus intakes. There was no
relevant change in the number of patients concerning adherence
to potassium intakes. Table 3 describes the difference between
the recommended intakes and dietary intakes before and after
the intervention. Figure 3 details the results of percent
compliance to dietary recommendations.

Table 3. Adherence to dietary intakes reported as the difference between intake and recommendation at baseline and postintervention.

a

Dietary intakes

Baseline, mean (SD)

Postintervention, mean (SD)

Cohen d (95% CI)

P value

Energy (kcal/day)

–903.1 (705.4)

–581.3 (779.8)

0.4 (0.2 to 1.0)

.004*

Dietary protein (g/day)

–27.3 (26.6)

+6.5 (43.9)

0.9 (0.3 to 1.5)

<.001*

HBV proteinsa (%)

58.6 (10.1)

70.1 (10.7)

1.1 (0.5 to 1.7)

<.001*

Total dietary fat (% energy)

41.0 (7.6)

41.9 (7.3)

0.1 (–0.7 to 0.4)

.66

Dietary potassium (mg/day)

–568.1 (728.4)

–353.9 (555.1)

0.3 (–0.9 to 0.2)

.19

Dietary phosphorus (mg/day)

+84.7 (445.8)

250.3 (369.9)

0.4 (–0.9 to 0.2)

.14

Dietary sodium (mg/day)

–181.1 (631.6)

–504.6 (581.0)

0.5 (0.1 to 1.1)

.03*

HBV: high biological value.
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Figure 3. Percent (%) adherence to dietary intakes pre- and post-intervention. Values are presented as mean (SD).

User Acceptability and App Usability
A user acceptability tool was used during this pilot; however,
all participants responded to all questions with a strongly agree
option based on a Likert scale. Accordingly, the results were
not considered useful to understand better the acceptability and,
therefore, have not been reported. Assessment of acceptability
will be reassessed in the future trial. The validated end-user
version of the Mobile App Rating Scale (uMARS) [32] will be
used in the trial. Participants may not have well understood that
the questionnaire aims to improve the app; thus, qualitative data
will also be collected to ask specific questions about the
KELA.AE usability and acceptability by referring to each feature
in the app individually. Qualitative data will also address the
culturally specific features of the app such as language and
recipes.

and proteins below recommendations. As an outcome of the
intervention, mean energy intakes reached 29.1 kcal/kg/day (SD
7.8) as compared with the recommended 30-35 kcal/kg/day. In
addition, protein intakes were also considerably low as compared
with guidelines (mean consumption at baseline of 0.9 g/kg/day
[SD 0.3]) and improved to become in line with the recommended
1.2 g/kg or more of body weight and 50% or higher HBV protein
[15,29].
No changes were observed in intakes of minerals; nonetheless,
baseline intakes of potassium and sodium were already within
the recommendations of less than 2400 mg/day. Mean sodium
intakes further dropped to 1895.3 mg/day (SD 581.0). Fat and
phosphorus intakes, however, were already elevated at baselines
and remained above recommendations after the intervention.

Principal Results

No changes were observed in the serum laboratory parameters
for potassium and phosphorus; levels remained within
recommendation at baseline and after the intervention. The
duration of the intervention is not long enough to detect relevant
changes in serum values; accordingly, the upcoming trial is
expected to capture the effect of app usage on laboratory
parameters better. Mean serum iron increased with a medium
effect size from 7.9 mg/dL (SD 2.8) to 11.5 mg/dL
postintervention. The latter may be explained by the increase
in the dietary protein of HBV, which mainly consists of animal
protein sources.

Potential Efficacy

Study and App Feasibility

In this study, short-term app usage had a potential impact on
energy and protein intakes among patients undergoing
hemodialysis. In comparison to the target dietary guidelines for
hemodialysis, patients started with a baseline intake of energy

Research methodology, resources, and tools used in this pilot
were assessed to refine and modify the planned trial and improve
the app. The feasibility of the processes related to recruitment,
retention, and refusal seemed adequate; there were no patients

Field notes revealed that all 23 participants attended the weekly
sessions with the dietitians. Usage data available from analytics
were only able to provide the last date of access for each
participant, and all 23 had accessed the app in the last week of
the trial. No data on usage frequency could be retrieved due to
a lack of in-app analytics.

Discussion
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that withdrew from the study; and all eligible patients agreed
to participate. However, the number of eligible patients were
about 17.4% (26/149) out of all patients undergoing dialysis at
the unit. It would mean that to achieve an appropriate sample
size for the planned randomized trial, many dialysis units will
need to be recruited. Thus, the number of dietitians needed to
be involved in the future study will need adequate resources to
meet patients weekly, as it was the case in this study.
Accordingly, an assessment of resource allocation should be
performed to consider app improvement and development on
iOS mobile operating system to increase eligible patients within
the same dialysis unit.
Digital interventions may be used as tools to support a reciprocal
relationship between patients and health care practitioners and
enhance patient-centered care [33]. Accordingly, dietitians
would be expected to manage and recommend the usage of
KELA.AE app in real practice settings. Thus, the future trial
will include dietitians following up with patients to simulate
app integration in real practice.
In-app analytics are also essential for the future trial to assess
the effect of app usage on outcomes. In-app analytics should
track usage frequency as well as the usage of each feature
separately. The results would help to better understand if
educational or self-monitoring features of the app are preferred
by the user.
The future trial should further analyze the fatty acid profile
(saturated, monounsaturated, and polyunsaturated) on top of
total fats to assess diet quality from an atherogenic point of
view. In addition, further assessment of the nutritional status of
patients undergoing dialysis should be performed to identify
patients with malnourishment that may need additional support
from the research dietitians.
The KELA.AE app will be re-evaluated to include educational
materials addressing diet quality pertinent to dietary fatty acid
profiles to promote dietary intakes in line with the KDOQI
Clinical Practice Guidelines for the Management of
Dyslipidemias in Patients With Kidney Disease [34]. This is an
update to be considered in the next version of the app should
dietary fat intakes not be in line with guidelines.
This pilot study has demonstrated that it is feasible to integrate
a dietary app into dietetic practice, allowing it to be a tool in
addition to regular meetings with dietitians. The study has also
identified how to adjust the design, procedures, data collection
tools, and outcome measurements for a future trial. Based on
the information collected, we feel ready to proceed to a larger
randomized controlled trial.

Comparison With Prior Work
Energy and protein recommendations in hemodialysis are higher
than the recommendations for healthy individuals. Whereas in
the general population, intakes of 0.8 g/kg are adequate to
maintain nitrogen balance [35], such intakes are inadequate in
hemodialysis [36]. Hemodialysis sessions cause losses in
proteins and amino acids that need to be replenished by the diet
[36]. Protein-energy wasting is dangerous and has been
correlated with mortality, adverse clinical outcomes [37], and
poor quality of life [18]. Both Inadequate dietary proteins and
http://www.jmir.org/2020/7/e17817/
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energy intakes are criteria used in the diagnosis of
protein-energy wasting in patients undergoing hemodialysis
[38]. Similar to the findings in this pilot, many studies have
identified inadequate energy and protein intakes among patients
undergoing dialysis [14,39,40]. This pilot intervention seems
to show potential in the improvement of energy and protein
intakes among this population.
However, multiple dietary components need to be adjusted to
improve the clinical outcomes of these patients, and the latter
includes management of potassium and phosphorus, along with
a diet quality that is cardioprotective [15]. In the sample studied
in this pilot, both serum potassium levels and potassium intakes
were within targets before and after the intervention. This was
also observed by others [14,19], whereby similar to our findings,
patients undergoing hemodialysis tend to be adherent to
potassium intakes and laboratory targets. However, serum
phosphorus and phosphorus intakes were borderline high both
before and after the intervention. This is also a common finding
in this population, in which the discrepancies between the
phosphorus and protein recommendations [15] make it
challenging to achieve the required targets. Accordingly, it
seems that further assessment of the factors that may influence
phosphorus management, such as food sources of phosphorus
and compliance to phosphate binders, should be explored. In
addition, it is expected that a longer intervention that includes
education and follow-up with dietitians may lead to better
outcomes.
Total fat intakes were also found to be elevated by our pilot
study, and their intakes remained elevated after the intervention
as well. Others have previously explored the diet quality of
patients undergoing hemodialysis as compared with the
recommendations of the American Heart Association and
KDOQI Clinical Practice Guidelines for Management of
Dyslipidemias in Patients With Kidney Disease [34], and found
the current diet intakes to be proatherogenic in nature [14].
Given that protein intakes increased and that their sources are
mainly from animal proteins (an increase in %HBV proteins
were also observed), it can be predicted that saturated fat intakes
also increased as a result of these changes.
There are only few available apps that target patients with CKD
specifically; however, most of them are available on app stores,
and information on their efficacy and usability are rather scarce
[41]. A recent content analysis of mobile apps for CKD revealed
that available apps fail to provide the continuity of
patient-centered care that is needed to support patients with
CKD [42].

Limitations
Given the pilot nature of the study, some limitations may lead
to a bias in the interpretation of the results and their
generalizability. The duration of this study was short; therefore,
its effects are only focused on dietary intakes and laboratory
parameters. Behavioral interventions need to be of longer
duration and should be comprehensive to change dietary intakes
[43]. The results of this pilot will instead be used to improve
the app and modify the study procedures in the future trial.
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In addition, the results identified a possible improvement in
nutritional status and a potentially proatherogenic diet quality
among the study’s sample. Thus, the future trial should assess
the prevalence of patients with malnourishment along with the
fatty acid profile of the diet in line with the KDOQI Clinical
Practice Guidelines for Management of Dyslipidemias in
Patients With Kidney Disease [34].
The intervention included face-to-face sessions with dietitians
that may have influenced the outcomes. The reinforcement of
the dietitians and their availability may have impacted the results
similarly or more than the app itself. Accordingly, the future
trial should include a control group whereby dietitians see
patients with the same frequency but without app usage.

Fakih El Khoury et al
Given that app analytics were not available, we were unable to
track how many times the users accessed the app. The only
available data are the last access for each user, and all users had
accessed the app during the last week.

Conclusions
This pilot study showed that KELA.AE app has the potential
to improve dietary intakes. Processes related to the procedures,
resources, tools, and app improvement for a future trial were
assessed. A more extended intervention using a randomized
controlled trial is required to estimate parameters concerning
app efficacy accurately.

Acknowledgments
We acknowledge the staff and students from Zayed University who volunteered by contributing to the app development at many
steps. A research grant by Zayed University, Dubai, funded the study (Grant No. R18060).

Conflicts of Interest
None declared.

References
1.

2.
3.

4.

5.

6.

7.

8.
9.

10.

11.

Executive Board, 142 (World Health Organization). mHealth: use of appropriate digital technologies for public health:
report by the Director-General, World Health Organization. 2017. URL: https://apps.who.int/iris/handle/10665/274134
[accessed 2020-06-25]
Zaidan S, Roehrer E. Popular Mobile Phone Apps for Diet and Weight Loss: A Content Analysis. JMIR Mhealth Uhealth
2016 Jul 11;4(3):e80. [doi: 10.2196/mhealth.5406]
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]
Helle C, Hillesund ER, Wills AK, Øverby NC. Evaluation of an eHealth intervention aiming to promote healthy food habits
from infancy -the Norwegian randomized controlled trial Early Food for Future Health. Int J Behav Nutr Phys Act 2019
Jan 03;16(1):1 [FREE Full text] [doi: 10.1186/s12966-018-0763-4] [Medline: 30606197]
Järvelä-Reijonen E, Karhunen L, Sairanen E, Muotka J, Lindroos S, Laitinen J, et al. The effects of acceptance and
commitment therapy on eating behavior and diet delivered through face-to-face contact and a mobile app: a randomized
controlled trial. Int J Behav Nutr Phys Act 2018 Feb 27;15(1):22 [FREE Full text] [doi: 10.1186/s12966-018-0654-8]
[Medline: 29482636]
Gonzalez-Sanchez J, Recio-Rodriguez JI, Fernandez-delRio A, Sanchez-Perez A, Magdalena-Belio JF, Gomez-Marcos
MA, On behalf the EVIDENT Investigators group. Using a smartphone app in changing cardiovascular risk factors: A
randomized controlled trial (EVIDENT II study). Int J Med Inform 2019 May;125:13-21. [doi:
10.1016/j.ijmedinf.2019.02.004] [Medline: 30914176]
Lemacks JL, Adams K, Lovetere A. Dietary Intake Reporting Accuracy of the Bridge2U Mobile Application Food Log
Compared to Control Meal and Dietary Recall Methods. Nutrients 2019 Jan 19;11(1):199 [FREE Full text] [doi:
10.3390/nu11010199] [Medline: 30669430]
Burke LE, Wang J, Sevick MA. Self-monitoring in weight loss: a systematic review of the literature. J Am Diet Assoc 2011
Jan;111(1):92-102 [FREE Full text] [doi: 10.1016/j.jada.2010.10.008] [Medline: 21185970]
Kerr DA, Dhaliwal SS, Pollard CM, Norman R, Wright JL, Harray AJ, et al.
BMI is Associated with the Willingness to Record Diet with a Mobile Food Record among Adults
Participating in Dietary Interventions. Nutrients 2017 Mar 07;9(3):244 [FREE Full text] [doi: 10.3390/nu9030244] [Medline:
28272343]
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]
Turner-McGrievy GM, Dunn CG, Wilcox S, Boutté AK, Hutto B, Hoover A, et al. Defining Adherence to Mobile Dietary
Self-Monitoring and Assessing Tracking Over Time: Tracking at Least Two Eating Occasions per Day Is Best Marker of
Adherence within Two Different Mobile Health Randomized Weight Loss Interventions. J Acad Nutr Diet 2019
Sep;119(9):1516-1524. [doi: 10.1016/j.jand.2019.03.012] [Medline: 31155473]

http://www.jmir.org/2020/7/e17817/

XSL• FO
RenderX

J Med Internet Res 2020 | vol. 22 | iss. 7 | e17817 | p. 9
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH
12.
13.

14.

15.
16.

17.

18.

19.
20.

21.

22.
23.
24.
25.

26.
27.

28.
29.
30.
31.
32.

33.
34.
35.

Kelly MP, Barker M. Why is changing health-related behaviour so difficult? Public Health 2016 Jul;136:109-116 [FREE
Full text] [doi: 10.1016/j.puhe.2016.03.030] [Medline: 27184821]
Hayashi A, Yamaguchi S, Waki K, Fujiu K, Hanafusa N, Nishi T, et al. Testing the Feasibility and Usability of a Novel
Smartphone-Based Self-Management Support System for Dialysis Patients: A Pilot Study. JMIR Res Protoc 2017 Apr
20;6(4):e63 [FREE Full text] [doi: 10.2196/resprot.7105] [Medline: 28428168]
Luis D, Zlatkis K, Comenge B, García Z, Navarro JF, Lorenzo V, et al. Dietary Quality and Adherence to Dietary
Recommendations in Patients Undergoing Hemodialysis. J Ren Nutr 2016 May;26(3):190-195. [doi:
10.1053/j.jrn.2015.11.004] [Medline: 26827131]
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]
Tentori F, Blayney MJ, Albert JM, Gillespie BW, Kerr PG, Bommer J, et al. Mortality risk for dialysis patients with different
levels of serum calcium, phosphorus, and PTH: the Dialysis Outcomes and Practice Patterns Study (DOPPS). Am J Kidney
Dis 2008 Sep;52(3):519-530. [doi: 10.1053/j.ajkd.2008.03.020] [Medline: 18514987]
Kovesdy CP, Regidor DL, Mehrotra R, Jing J, McAllister CJ, Greenland S, et al. Serum and dialysate potassium
concentrations and survival in hemodialysis patients. Clin J Am Soc Nephrol 2007 Sep;2(5):999-1007 [FREE Full text]
[doi: 10.2215/CJN.04451206] [Medline: 17702709]
Borges MCC, Vogt BP, Martin LC, Caramori JCT. Malnutrition Inflammation Score cut-off predicting mortality in
maintenance hemodialysis patients. Clin Nutr ESPEN 2017 Feb;17:63-67. [doi: 10.1016/j.clnesp.2016.10.006] [Medline:
28361749]
Kim H, Lim H, Choue R. A Better Diet Quality is Attributable to Adequate Energy Intake in Hemodialysis Patients. Clin
Nutr Res 2015 Jan;4(1):46-55 [FREE Full text] [doi: 10.7762/cnr.2015.4.1.46] [Medline: 25713792]
Rollo ME, Burrows T, Vincze LJ, Harvey J, Collins CE, Hutchesson MJ. Cost evaluation of providing evidence-based
dietetic services for weight management in adults: In-person versus eHealth delivery. Nutr Diet 2018 Feb;75(1):35-43.
[doi: 10.1111/1747-0080.12335] [Medline: 29411491]
Ni Z, Jin H, Jiang G, Wang N, Peng A, Guo Z, et al. A Telemedicine-Based Registration System for the Management of
Renal Anemia in Patients on Maintenance Hemodialysis: Multicenter Study. J Med Internet Res 2019 May 08;21(5):e13168
[FREE Full text] [doi: 10.2196/13168] [Medline: 31344676]
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]
Prochaska JO, Velicer WF. The transtheoretical model of health behavior change. Am J Health Promot 1997;12(1):38-48.
[Medline: 10170434]
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]
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]
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]
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]
Van Horn L, Beto JA. Successful Approaches in Nutrition and Dietetics. Cleveland, OH: Academy of Nutrition and Dietetics;
2019.
Academy of Nutrition and Dietetics. Nutrition Care Manual. 2019. URL: https://www.nutritioncaremanual.org/ [accessed
2020-06-25]
Cohen J. A power primer. Psychol Bull 1992 Jul;112(1):155-159. [Medline: 19565683]
Lakens D. Calculating and reporting effect sizes to facilitate cumulative science: a practical primer for t-tests and ANOVAs.
Front Psychol 2013 Nov 26;4:863 [FREE Full text] [doi: 10.3389/fpsyg.2013.00863] [Medline: 24324449]
Stoyanov SR, Hides L, Kavanagh DJ, Wilson H. Development and Validation of the User Version of the Mobile Application
Rating Scale (uMARS). JMIR Mhealth Uhealth 2016;4(2):e72 [FREE Full text] [doi: 10.2196/mhealth.5849] [Medline:
27287964]
Ammenwerth E. From eHealth to ePatient: The Role of Patient Portals in Fostering Patient Empowerment. ejbi 2018;14(2):1-4.
[doi: 10.24105/ejbi.2018.14.2.4]
Kidney Disease Outcomes Quality Initiative (K/DOQI) Group. K/DOQI clinical practice guidelines for management of
dyslipidemias in patients with kidney disease. Am J Kidney Dis 2003 Apr;41(4 Suppl 3):I-IV, S1. [Medline: 12671933]
Trumbo P, Schlicker S, Yates AA, Poos M, FoodNutrition Board of the Institute of Medicine‚ The National Academies.
Dietary reference intakes for energy, carbohydrate, fiber, fat, fatty acids, cholesterol, protein and amino acids. J Am Diet
Assoc 2002 Nov;102(11):1621-1630. [doi: 10.1016/s0002-8223(02)90346-9] [Medline: 12449285]

http://www.jmir.org/2020/7/e17817/

XSL• FO
RenderX

Fakih El Khoury et al

J Med Internet Res 2020 | vol. 22 | iss. 7 | e17817 | p. 10
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH
36.

37.
38.

39.
40.

41.

42.

43.

Fakih El Khoury et al

Sabatino A, Regolisti G, Karupaiah T, Sahathevan S, Sadu Singh BK, Khor BH, et al. Protein-energy wasting and nutritional
supplementation in patients with end-stage renal disease on hemodialysis. Clin Nutr 2017 Jun;36(3):663-671. [doi:
10.1016/j.clnu.2016.06.007] [Medline: 27371993]
Kovesdy CP. Malnutrition in Dialysis Patients--The Need for Intervention Despite Uncertain Benefits. Semin Dial
2016;29(1):28-34. [doi: 10.1111/sdi.12410] [Medline: 26190025]
Fouque D, Kalantar-Zadeh K, Kopple J, Cano N, Chauveau P, Cuppari L, et al. A proposed nomenclature and diagnostic
criteria for protein-energy wasting in acute and chronic kidney disease. Kidney Int 2008 Feb;73(4):391-398 [FREE Full
text] [doi: 10.1038/sj.ki.5002585] [Medline: 18094682]
Carvalho KT, Silva MIB, Bregman R. Nutritional profile of patients with chronic renal failure. J Ren Nutr 2004
Apr;14(2):97-100. [doi: 10.1053/j.jrn.2004.01.009] [Medline: 15060874]
Kopple JD, Berg R, Houser H, Steinman TI, Teschan P. Nutritional status of patients with different levels of chronic renal
insufficiency. Modification of Diet in Renal Disease (MDRD) Study Group. Kidney Int Suppl 1989 Nov;27:S184-S194.
[Medline: 2636655]
Lewis RA, Lunney M, Chong C, Tonelli M. Identifying Mobile Applications Aimed at Self-Management in People With
Chronic Kidney Disease. Can J Kidney Health Dis 2019;6:2054358119834283 [FREE Full text] [doi:
10.1177/2054358119834283] [Medline: 30899533]
Lee Y, Cui Y, Tu M, Chen Y, Chang P. Mobile Health to Maintain Continuity of Patient-Centered Care for Chronic Kidney
Disease: Content Analysis of Apps. JMIR Mhealth Uhealth 2018 Apr 20;6(4):e10173 [FREE Full text] [doi: 10.2196/10173]
[Medline: 29678805]
Nooriani N, Mohammadi V, Feizi A, Shahnazi H, Askari G, Ramezanzade E. The Effect of Nutritional Education Based
on Health Belief Model on Nutritional Knowledge, Health Belief Model Constructs, and Dietary Intake in Hemodialysis
Patients. Iran J Nurs Midwifery Res 2019;24(5):372-378 [FREE Full text] [doi: 10.4103/ijnmr.IJNMR_124_18] [Medline:
31516524]

Edited by G Eysenbach; submitted 14.01.20; peer-reviewed by C Gibson, E Ding; comments to author 14.03.20; revised version
received 05.05.20; accepted 03.06.20; published 20.07.20
Please cite as:
Fakih El Khoury C, Crutzen R, Schols JMGA, Halfens RJG, Karavetian M
A Dietary Mobile App for Patients Undergoing Hemodialysis: Prospective Pilot Study to Improve Dietary Intakes
J Med Internet Res 2020;22(7):e17817
URL: http://www.jmir.org/2020/7/e17817/
doi: 10.2196/17817
PMID:

©Cosette Fakih El Khoury, Rik Crutzen, Jos M G A Schols, Ruud J G Halfens, Mirey Karavetian. Originally published in the
Journal of Medical Internet Research (http://www.jmir.org), 20.07.2020. 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 the Journal of Medical Internet
Research, is properly cited. The complete bibliographic information, a link to the original publication on http://www.jmir.org/,
as well as this copyright and license information must be included.

http://www.jmir.org/2020/7/e17817/

XSL• FO
RenderX

J Med Internet Res 2020 | vol. 22 | iss. 7 | e17817 | p. 11
(page number not for citation purposes)

