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Abstract

Background—Adolescents undergoing a hematopoietic stem cell transplant (HSCT) experience 

a variety of side effects and eating difficulties. Few interventions exist to assist patients with self-

care after HSCT hospitalization. The Eating After Transplant (EAT!) program is a mobile phone 

application developed to assist adolescents with self-management of common eating related issues 

during HSCT recovery.

Objective—This study examined the acceptability and usability of the EAT! program among 

adolescents and assessed the competency of the participants using the program after hospital 

discharge through the first 100 days post HSCT.

Methods—A repeated measures design was used to evaluate the EAT! application with 16 

adolescent patients recovering from an allogeneic HSCT. Participants provided verbal feedback 

and used a Likert-scale to rate acceptability and usability of the application. Additionally, a 

tracking device monitored use of the application. Competency was measured with orientation time 

and independent demonstration of use of the application.

Results—Acceptability remained high throughout the study, but use significantly decreased over 

time. Patients reported familiarity with the program’s content as the reason for the declining use. 

Competency was excellent with a short orientation period and independent demonstration 

throughout the study.

Conclusions—A mobile phone application is a feasible intervention to educate adolescents with 

symptom management strategies. Future research needs to examine factors affecting sustainability 

of use over time.

Implications for Practice—Healthcare providers need to continue to develop and evaluate 

innovative methods to educate adolescents on effective self-care strategies throughout HSCT 

recovery.
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Introduction

Hematopoietic stem cell transplantation (HSCT) is a common form of treatment for a variety 

of pediatric malignant and nonmalignant diseases. This treatment requires the use of high 

dose chemotherapy and total body irradiation that cause side effects including nausea, 

vomiting, anorexia, diarrhea, dry mouth, altered taste, and decreased oral intake, which can 

persist through the first 100 days post HSCT, known as the acute recovery phase.1,2 

Gastrointestinal (GI) symptoms and poor eating can increase the need for medical care and 

negatively affect adolescents’ development, compliance to treatment, and quality of life.3 

While hospitalized, the side effects and nutritional needs are managed by healthcare 

providers but once discharged, patients and family caregivers assume responsibility of care. 

Nutritional deficits during the acute recovery phase can be significant and adolescents 

typically resume eating only 50% of their caloric needs at 45 days post HSCT.4 Effective 

self-care interventions are not available to adolescent outpatients who are attempting to self-

manage their treatment related side effects and resume eating.5 The current study addressed 

a dearth of self-care interventions for adolescents following discharge after HSCT by testing 

the feasibility of a mobile phone application that provided adolescents with descriptive 

information and self-care strategies related to common GI symptoms and eating issues.

Background

Self-assessment and management mobile phone application have been developed for various 

health conditions. This technology has been effective in supporting patients with asthma,6 

diabetes,7 and sickle cell anemia.8 Only two studies have involved adult oncology patients 

using mobile phones for symptom assessment. In one study, patient responses to a phone-

based self-assessment of nausea, vomiting, diarrhea, mucositis, hand-foot syndrome, and 

temperature were sent remotely to a nurse who reviewed the information and called the 

patient for any moderate or severe symptoms.9 In a second study, a mobile phone 

application was designed to evaluate ten symptoms (pain, fatigue, worry, weight loss, cough, 

difficulty sleeping, shortness of breath, problems urinating, anorexia, difficulty 

concentrating) among adult oncology patients during a single hospitalization.10 Patients’ 

responses were sent to a secured website where the healthcare team reviewed the 

information and determined best management for the hospitalized patient. Of 97 patients 

approached for that study, 41 (42%) refused participation because of unfamiliarity with a 

mobile phone; the remaining 56 patients completed the symptom questionnaire without 

difficulty and spontaneously commented on the ease of use. Age was thought to be a factor 

in the refusal rate; patients who refused the study had a mean age of 61 years while patients 

who completed the study had a mean age of 45 years.

Mobile phone applications for oncology patients that assist not only with assessment but 

also with the management of symptoms are limited.11 One such application is the advanced 

symptom management system (ASyMS), developed to monitor and manage six symptoms 

(nausea, vomiting, mucositis, hand-foot syndrome, diarrhea, and fatigue) during treatment 

for lung, breast, or colorectal cancer among adult patients in the United Kingdom.12 

Software determined whether patient-reported symptoms required an immediate call from a 

healthcare professional or a self-care message tailored to the severity of their symptom. 
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Patients using the ASyMS reported positive experiences with the program and requested it 

be expanded to other symptoms.12 The ASyMS is now being developed for use among 

young adults undergoing cancer treatment in the United Kingdom. ASyMS will contain 

information on five common symptoms (mouth sores, nausea, vomiting, weight loss, and 

diarrhea) and has potential to promote self-care among the young adults.13

Patients recovering from HSCT express a desire to participate in self-care activities to 

manage their symptoms but want strategies presented in an organized and practical 

method.14 The Eating After Transplant (EAT!) intervention is delivered as a mobile phone 

application with information and self-care strategies regarding seven common GI symptoms 

and eating issues described in an organized manner. EAT! was created to provide 

adolescents with information on demand after HSCT hospitalization and is readily available 

to patients when needed. Use of the EAT! application was intended to increase knowledge 

regarding symptom experiences and management strategies, which would enable 

adolescents to make informed decisions about self-care independently, thus assisting with 

their developmental goal of achieving autonomy.15 Mobile phones have significant potential 

for supporting health care because they are portable, can deliver self-care resources at the 

time of need, and are a socially accepted means of communication.16 Smartphones are used 

for more than talking and texting among adolescents, who use their phones to access the 

Internet and share videos, music, and information with peers.17 Initial acquisition of a 

mobile phone typically occurs during the adolescent years with mobile phone ownership 

occurring in 58% of 12 year olds, 73% of 13 year olds, and 83% of 17 year olds.17

In the absence of research that evaluated the feasibility of a mobile phone intervention 

among adolescents following HSCT, this pilot study examined the acceptance and use of the 

EAT! intervention among adolescents during an HSCT acute recovery phase and the 

competency of the participants using the intervention. Determining feasibility of a clinical 

intervention is important for ascertaining information leading to a successful and sustainable 

intervention.18,19

Methodology

Design

A repeated measures design was used to evaluate the feasibility of the EAT! phone 

application during HSCT recovery. Adolescents completed assessments at three time points 

following their initial HSCT hospital discharge to evaluate the EAT! application over time. 

This study was approved by the Institutional Review Board at Baylor College of Medicine.

Setting and Sample

The study was performed at a large pediatric teaching hospital in the southern part of the 

United States. The hospital is a tertiary pediatric center performing at least 80 autologous 

and allogeneic HSCTs annually. The HSCT facility consists of a 15 bed inpatient unit with 

an adjoining outpatient clinic.

Inclusion criteria included patients aged 11–18 years, with any disease requiring an 

allogeneic HSCT, were able to read and speak English by self-report (Spanish speaking 
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parents were approached using a translator), and were discharged before day 51 from a first 

time allogeneic HSCT (due to the need for the adolescents to have time for self-directed care 

during the acute recovery phase). Exclusion criteria included failure to engraft (due to the 

likelihood of prolonged hospitalization and treatment), receipt of an autologous HSCT or a 

repeat allogeneic HSCT, or presence of a neurological or developmental delay (to minimize 

potential confounding factors). A convenience sample of 16 patients was used for this 

repeated measures study. For pilot studies, a sample size in the range of 10–20 subjects is 

sufficient for feasibility assessments.19

Intervention

The EAT! phone application was based on work by Rodgers et al.,20 in which adolescents 

described seven key eating issues during their HSCT acute recovery: appetite recovery, 

choosing foods, control of eating, nausea and vomiting, taste changes, dry mouth, and 

returning to normal. The initial screen displayed seven topics with the instructions “Select 

the topic for more information” (Figure 1). When touched, each topic opened to a touch 

screen with the selection options of “Descriptions” or “What to do”. Descriptions included 

quotes from patients about their experiences related to the topic while what to do included 

effective, non-pharmacological strategies that patients discussed in the Rodgers et al. 

study.21 Examples of the content are listed in table 1. Patients had the option to press a back 

button to move to the previous page, or the home button to return to the initial screen of 

topic listings.

Study Instruments

Feasibility was assessed as acceptability, usability, and competency. Acceptability of the 

application was measured using six questions rated on a 5-point Likert scale: ease of use, 

readability, quickness of use, enjoyment, helpfulness, and program recommendation. 

Usability of the application was measured using three questions: time needed to locate 

desired information, estimated time of use, and number of topics reviewed within the 

program over the past 20 days or since the last data collection. Higher scores indicated better 

acceptability and usability. In addition, adolescents were asked to provide verbal feedback to 

the researcher about what they liked and what they would change with the application. 

Usability was also measured by the amount of time recorded in seconds that adolescents 

spent reading each topic within the program, based on a tracking device in the phone 

application of which participants were unaware. Competency was measured as both the 

amount of time in minutes to initially orient the patient to the phone application and by 

asking the adolescent to locate an intervention for a specific topic within the EAT! 

application. This verification ensured that, if the program was not used, it was the 

adolescent’s choice and was not due to a lack of understanding on the use of the program.

Procedure

Eligible participants were identified by the principle investigator (PI) from a list of 

hospitalized patients that was updated weekly by the HSCT team. Every patient that met 

inclusion criteria was introduced to the study by the PI prior to hospital discharge. For 

patients aged 11–17, parent or legal guardian consent and adolescent assent were obtained; 

for adolescents aged 18 years, consent from the adolescent was obtained.
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Initial training to use EAT! was completed by the PI prior to the patient’s hospital discharge 

and participants were encouraged to use the EAT! program whenever needed after training. 

If the participant did not have a smart phone, a phone was provided to them for the duration 

of the study. If the participant had a smart phone, the application was loaded onto the home 

screen. The time required to orient the patient to the EAT! program was measured and 

documented by the PI. After orientation to the phone, the participant was asked to locate an 

intervention within a specific topic to confirm independent use of the program, reinforce 

information if needed, and answer any further questions. Participants were encouraged to 

contact the PI if they experienced any problems or questions with the phone or the 

application. Contact information for the PI was provided verbally and in writing.

At approximately 20 days, 40 days, and 60 days post hospital discharge, the adolescent was 

approached during a clinic visit or if re-hospitalized, in their hospital room, and asked to 

locate specific information within the application to confirm retained knowledge on use of 

the program. Adolescents were also asked to complete the EAT! acceptability and usability 

scale and to verbally provide suggestions or comments about the program. The PI 

downloaded the tracking information via a website and recorded the length of time that the 

participant looked at each topic. At the end of the study, adolescents returned the mobile 

phone, if applicable, and all participants were given a small monetary incentive for 

participation.

Statistical Analysis

Descriptive statistics were used to report the acceptability and usability scores. Differences 

of acceptability and usability scores across the measurement periods were tested using 

Friedman repeated measure analysis of variance, with follow-up pairwise comparison testing 

conducted using a Wilcoxon test, controlling for Type I errors across these comparisons at 

the 5% significance level. Usability measured as tracking time was evaluated with 

descriptive statistics, including measures of central tendency and variability. Competence 

was documented using descriptive statistics.

Results

Sixteen adolescents were recruited to the study with no adolescent or legal guardian refusals. 

One participant relapsed prior to study completion and did not complete the last data 

collection at 60 days post HSCT hospital discharge. All other participants completed data 

collection at all time points. Characteristics of the sample are presented in table 2. A 

majority of the sample was Hispanic, patients with a leukemia diagnosis, and patients 

receiving a matched or mismatched related HSCT. Fourteen of the participants used the cell 

phone provided by the PI, and two adolescents used their own smart phone for the study. 

None of the participants reported problems with the EAT! program during the study. All 

study phones were returned to the PI upon completion of the study without damage.

Acceptability

All adolescents reported high acceptability of the EAT! program throughout the study. Of a 

potential maximum score of 30, participants rated the application’s acceptability an average 
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of 28.5–28.9 throughout the study (Table 3). In addition, participants verbalized positive 

comments throughout the study. One boy reported, “I knew some of the things in there but I 

didn’t know that adding lemon would help with my dry mouth, so I tried it, and it helped”. 

Participants reported that they liked reading information from other patients. One girl 

reported, “I was afraid to start eating again, but I read that another patient was scared but 

started eating, so I tried it, and it was okay”. All participants would recommend the program 

to other patients; however, they wanted the program expanded to include more information 

on more topics. One boy stated, “Make the app have the capability for us to add tips and ask 

questions”.

Usability

Participants reported moderate usability of the program. Of a potential maximum score of 

15, patients reported an average usability score of 10.1–11.2 throughout the study (Table 3). 

Use of the program significantly decreased over time (p<0.001). On average, participants 

used the program 8.6 minutes within the first 20 days post HSCT hospital discharge, which 

decreased to 1.8 minutes of use during the next 20 days, and declined even further to 0.6 

minutes during the last 20 days of the study (figure 2). Adolescents reported that the 

program had no new information added to it, so once they read it they were familiar with all 

of the content. One boy stated, “It’s good information, just not enough to keep coming back” 

and another boy stated, “It is a really helpful app, [it] just needs constant updating of 

information to keep it fresh”.

All adolescents liked having the information on a cell phone because it was readily 

available. One boy said, “I like it on the cell phone because I have it with me whenever I 

need it”. None of the participants wanted the information on the computer, and one 

participant stated, “I hardly ever use the computer, only for my homework”.

Competency

All adolescents were able to use the program within 1–5 minutes after orientation (mean 3.3 

minutes). In addition, all of the adolescents were able to locate information independently, 

as requested by the PI, at all points during the study. No participant required re-orientation 

to the program, and no participant contacted the PI for issues or problems with the program.

Discussion

The EAT! program is a feasible intervention for symptom management education among 

adolescents recovering from HSCT. Participants were eager to enroll in the study and 

reported the program was easy to read, quick to use, and helpful. All adolescents viewed the 

application initially after HSCT hospital discharge but use declined over time. Orientation to 

the application was quick, less than 5 minutes, and adolescents were able to retain the 

knowledge to use the program independently without difficulties.

The EAT! application is different from other smartphone application as patients have access 

to all of the content in EAT! whenever requested, whereas other mobile phone interventions, 

such as ASyMS, only provide tailored information depending on the prevalence and severity 

Rodgers et al. Page 6

Cancer Nurs. Author manuscript; available in PMC 2015 October 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



of the participants’ symptoms.14 The unrestricted information in EAT! allows participants to 

use the application at any time regardless of their current symptom status.

All adolescents reported they would recommend EAT! to other patients; however, 

participants requested updated and more information within the program. The application 

could be enhanced by allowing participants to add their own comments into the program 

during their HSCT recovery. This method of experiential sharing could provide a sense of 

engagement and peer support for the participant, while providing a continual update of 

information for other users. Further enhancements of the application could include an 

exchange of topics as the patient progresses through recovery. Eating issues, which are more 

common at HSCT hospital discharge, could be replaced later with information on fatigue 

and sleeping difficulties, which are symptoms more common beyond the acute recovery 

phase.19

Generalizability of these study findings is limited because data was collected from a single 

institution with a narrow age range of patients. There may have been the possibility of bias 

due to participants receiving a mobile phone to use during the study. Fourteen of the 

adolescents were given a cell phone to use during the study, which may have influenced 

their attitudes about the program; however, adolescents were informed that their opinion of 

the program had no effect on accessibility to the phone.

Future studies should evaluate the intervention from different institutions to determine any 

variation in the use of the program among various HSCT centers. In addition, future studies 

should include a larger sample size with a wider age range of participants to determine 

usability of the application with younger patients and acceptability of the application with 

older patients.

Nursing Implications

Healthcare providers need to develop innovative methods to educate patients on effective 

symptom management interventions throughout their lengthy HSCT recovery. Educating 

patients on self-care activities can allow patients to become more active in their care and 

increase autonomy. Patients who are better informed about side effects of their treatment 

may initiate more strategies to manage their symptoms and/or eating and may experience 

increased confidence and independence.23

Children and adolescents use electronic equipment, such as cell phones, on a daily basis and 

are eager to use new programs to learn and share information.24 Because cell phones are a 

socially acceptable means of delivering and receiving information, phone applications 

should be developed to enhance healthcare education and encourage self-care activities. 

However, formal evaluation of the interventions must be performed to confirm its impact 

and effectiveness.9 Nurses are ideal candidates to perform these evaluations and customize 

interventions based on feedback to create effective and innovative interventions for patients.
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Figure 1. 
EAT! Sample Screen
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Figure 2. 
EAT! Application Usage
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Table 1

EAT! Content Examples

Topic Options Examples

Increasing your Appetite Description Gradually you start eating more and more as each day goes on. After awhile, you wake up and 
you’re hungry.

What to do My stomach didn’t want too much volume at once; so I’d eat little amounts throughout the day.

Choosing Foods Description If I’m not hungry I don’t really want to talk about food. If I can talk about food, then I would know 
I could eat it.

What to do I made a list of all the foods that I really like and then try them whenever I’m hungry.

Nausea and Vomiting Description It’s just easier to eat when I start to get hungry… but if I wait awhile after I get hungry then I start 
to feel nauseous and I can’t eat.

What to do Relax and concentrate on your breathing by taking slow deep breaths. I take a couple deep breaths 
and like, lay my head back, and close my eyes and that usually helps.

Taste Changes Description Foods need to have flavor. If you eat bland foods, you won’t want to eat anymore because it takes 
away your appetite.

What to do Use ketchup, barbeque sauce, steak sauce, or anything to add flavor

Dry Mouth Description All of a sudden, it’s like my mouth will just get really dry and it feels gross and sticky.

What to do I always drink water before I put food in my mouth; it cleans out my mouth and moistens it.

Control of Eating Description My dad gives me too much food, so I eat and eat and makes it looks like I didn’t eat anything but 
really there’s so much there.

What to do Take only some food on your own plate because if you see a big portion, you’re like, where am I 
gonna start?

Returning to Normal Description Eating is not the easiest road but it’s the best road to eventual health and getting back to your 
normal life.
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Table 2

Sample Characteristics

Characteristics N Percent

Gender

Male 9 56

Female 7 44

Ethnicity

Caucasian 5 31

Hispanic 9 56

African American 1 6.5

Asian 1 6.5

Age

11–14 years 8 50

15–18 years 8 50

Diagnosis

Leukemia 11 69

Lymphoma 2 12.5

Myelodysplastic Syndrome 1 6

Immunological Disease 2 12.5

Transplant Source

Related Matched 5 31

Related Mismatched 6 38

Unrelated Matched 4 25

Unrelated Mismatched 1 6
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Table 3

Acceptability and Usability Scores

Days post HSCT Hospital Discharge Acceptability Scoresa
Mean (SD)

Range

Usability Scoresb
Mean (SD)

Range

20 28.5 (1.3)
26–30

11.2 (1.5)
9–14

40 28.9 (1.1)
27–30

10.1 (1.9)
7–12

60 28.8 (1.1)
27–30

10.3 (2.7)
6–15

a
Maximum score of 30

b
Maximum score of 15
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