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Methods: We developed a self-management mobile application providing social support services for post-
treatment CRC survivors and evaluated its effects through baseline and post-intervention surveys. Using the
biopsychosocial holistic model as the theoretical framework, automated interactive coaching technology was
applied for six weeks to provide supportive services tailored for each user. To evaluate the effects of the
application, self-efficacy, health practice index, depression, fear of cancer recurrence, and quality of life mea-
sures were administered to participants. A total of 34 men and 5 women were included in the analysis.
Results: Participants’ mean age were 54.10 years and 78% of them had been diagnosed within the last five years.
There were significant increases in self-efficacy (z = 2.09, p = .04), health practice index (t = 2.35, p = .02), and
quality of life (t = 2.03, p = .05). More specifically, the emotional functional score increased (z = 2.23, p = .03)
while both of the total symptom score (t = 2.10, p = .04) and the fatigue symptom score (z = 2.54, p = .01)
decreased after six weeks of using the mobile application.

Conclusions: Interventions supporting colorectal cancer survivors’ self-management are critical for addressing the
challenges they face after treatment and improving their quality of life. Providing social support through mobile
applications could be a good strategy in terms of usability and effectiveness.

1. Introduction

Colorectal cancer (CRC) is a prevalent form of cancer worldwide
with a high mortality rate, and survivors of CRC face an array of physical
and mental health problems even after treatment (Brown et al., 2016;
Favoriti et al., 2016; Han et al., 2020; Soffer et al., 2020). Studies have
reported that CRC survivors experience difficulties from intestinal
dysfunction due to post-treatment health problems, changes in appetite,
fatigue, pain, sleep deprivation, anxiety, depression, and fear of recur-
rence (Browne et al., 2011; Dau et al., 2020; Dekker et al., 2019;
El-Shami et al., 2015; Jansen et al., 2010; McGeechan et al., 2022; Santin
et al., 2015). However, research suggests that post-treatment CRC sur-
vivors receive inadequate support for managing these physical and
psychological challenges (McGeechan et al., 2022; Wagland et al.,
2016). Further, the disease treatment paradigm is shifting from

hospitalized care to community-based care after discharge, resulting in
patients’ decreasing length of stay in hospitals. A shortened length of
stay hinders patients’ ability to sufficiently communicate with their
healthcare providers and acquire the knowledge and skills needed for
self-care (Kim et al., 2018). Additionally, like other types of cancers,
CRC is becoming a chronic condition as survival rates increase (Davies
and Batehup, 2010; Siegel et al., 2019). Hence, from the perspective of a
cancer care continuum, community-based interventions that aid the
post-treatment self-care of CRC survivors are essential to help them
alleviate their challenges and improve their quality of life (QoL).
Interventions using mobile technology can be effective self-care tools
for patients, as they efficiently impart appropriate health-related infor-
mation (Cheong et al., 2018). In addition, South Korea features a high
smartphone penetration rate (93%) as of 2019, with approximately 76%
of adults aged 60 years and over using a smartphone (Cheong et al.,
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2018), thereby providing good accessibility for mobile application
(app)-based interventions. Mobile health can play a positive role
throughout a user’s cancer journey by enabling them to receive sup-
portive services without temporal and spatial restrictions (Davis and
Oakley-Girvan, 2015), and cancer survivors have widely accepted mo-
bile applications—more so than other types of e-health information and
communication technologies (Jansen et al., 2015; Jiang et al., 2017;
World Health Organization, 2016).

Social support plays a critical role in CRC survivors’ stress coping,
resilience, and QoL (Costa et al., 2017). Moreover, social support helps
survivors effectively engage in self-management and improve their QoL
by buffering the adverse impact of factors such as psychosocial diffi-
culties (Kim and Park, 2015). Therefore, mobile applications that pro-
vide social support services for CRC survivors would serve as effective
interventions that can produce positive health outcomes by promoting
survivors’ self-management.

However, a literature review using CRC as a keyword revealed that
research on mobile application intervention studies for CRC survivors
have primarily focused on informatics; for example, we found a program
for the management of adverse events from chemotherapy among can-
cer patients, including CRC patients (Kearney et al., 2009); a program
for providing information for CRC patients (Kim and Park, 2019); and
the ColorApplication mobile application which provides services
focused on an introduction to CRC, description of its symptoms, and
prevention (Yaacob et al., 2020). There is a notable lack of mobile ap-
plications that provide comprehensive social support services for CRC
survivors. The mobile application Colorectal Cancer Along (ColorectA-
long; Salmani et al., 2022), developed for CRC survivors, provides some
degree of social support—namely, informational, emotional, and
appraisal support—Dby presenting educational content, allowing users to
rate their stress and pain, and providing tailored plans accordingly.
Therefore, the app was rated as having a good level of usability, but its
effectiveness has not been evaluated. Thus, this study aimed to develop
and evaluate the effectiveness of a mobile application that provides
social support services pertinent to CRC survivors’ self-management.

2. Methods

In this study, we developed a self-management mobile application
providing social support services for post-treatment CRC survivors and
evaluated its effects through baseline and post-intervention surveys. We
used the biopsychosocial holistic model as the theoretical framework. In
the biopsychosocial holistic model, health is described as an outcome of
the interactions between the factors in all domains (Thomas et al.,
2008). The self-management mobile application was developed based
on informational, emotional, and appraisal social support classified by
House (1981). Further, automated interactive coaching technology was
used to provide supportive services tailored for each user. We hypoth-
esized that CRC survivors who used our self-management mobile
application would show improvements in physiological and psychoso-
cial domains, and ultimately their experience would improve their QoL,
compared to the baseline.

2.1. Development

The mobile application was developed to run on an Android platform
and could be downloaded from the Google Play Store. The mobile
application was designed to periodically assess the user’s self-care
practice and provide automated conversational health coaching
tailored to each user’s needs based on the assessment results and barriers
to practice. The algorithm for automated conversational health coaching
in each type of social support service was written by first classifying the
results of previous studies on the experiences of CRC survivors into
mental and physical health problems and identifying the major diffi-
culties and barriers. Then, health coaching content specifically
addressing each major difficulty and barrier was developed with
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reference to the existing literature, guidelines, and government-run
websites (Supplementary 1).

Informational support refers to imparting knowledge or information.
In this study, we selected information about a healthy diet, physical
activity, alcohol use, and smoking habits for CRC prevention and man-
agement based on Korean and international CRC guidelines. All infor-
mation was written based on existing literature and guidelines in the
form of notecards. A professor specializing in oncology and an advanced
practice nurse evaluated the content validity of the notecards. The
notecards section was added under the information menu in the appli-
cation. Further, tailored health coaching was provided to users by
linking relevant information based on the results of their weekly eval-
uations indicating the categories that required improvement.

Emotional support was developed by considering the major
emotional difficulties comprising symptoms of depression, anxiety, and
sleep disorders, based on a review of qualitative studies on the experi-
ences of CRC survivors. We developed an algorithm to periodically
assess each type of emotional difficulty and the degree of and reasons for
the difficulty experienced by the user and provide tailored information
as conversational messages.

Appraisal social support helps users assess their own actions. In this
study, we designed this support in a manner that enables users to
evaluate their self-management and receive personalized information
and positive rewards accordingly. With reference to the Korean-adapted
version of the Health Practice Index (HPI) (Ezoe and Morimoto, 1994),
which is consistent with previous CRC prevention guidelines, users
evaluated their self-management across eight categories (i.e., stress,
physical activity, work hours, drinking, smoking, balanced diet, break-
fast, and sleep) (Yoon et al., 2021). Based on total HPI scores, users were
classified into poor lifestyle (0-3), moderate lifestyle (4 or 5), and good
lifestyle (6-8) groups (Ezoe and Morimoto, 1994), and each group was
provided with lifestyle management information appropriate to their
needs. Additionally, we added two items pertinent to dietary recom-
mendations for CRC prevention, proposed by CRC prevention guidelines
(Ministry of Health and Welfare, 2010; World Cancer Research Fund,
2018). For users who display poor lifestyle patterns in each evaluation
category, we applied an algorithm to send text messages and provide
information to address their barriers to a good lifestyle. Users who
perform the evaluations, practice a healthy lifestyle, or show lifestyle
improvements receive points that can be exchanged for a mobile gift
card as a positive reward.

2.2. Study design

The effects of the mobile application were analyzed using a single-
group pretest-posttest experimental design. Participants used the
application for six weeks and completed baseline and post-intervention
surveys.

2.3. Study participants

The inclusion criteria for the participants included: being an indi-
vidual diagnosed with CRC and having completed the primary treatment
process involving surgery, chemotherapy, and/or radiotherapy; being
aged 19 years and older; being capable of installing and using a mobile
application; and having no physical activity restrictions. Study partici-
pants were recruited by posting recruitment announcements on two self-
help groups on Korean social media, from September 1 to 15, 2021. The
sample size was determined using the G*Power 3.1.9.7 software, and the
minimum sample size (medium effect size = 0.50, significance level =
0.05, power = 0.95) was calculated to be 54. Although 79 participants
were initially recruited, 28 were excluded after the baseline survey for
failing to register on the mobile application. Of the remaining 51 par-
ticipants, 10 were excluded from the study (19.60%) for not using the
mobile application, resulting in 41 participants being included in the
final analysis.



J. Yoon et al.

2.4. Measures

The biopsychosocial holistic model was used as the conceptual
framework for this study (Fig. 1). Demographic and health character-
istics included gender, age, body mass index (BMI), clinical information,
and self-rated health in the biological and psychological realm; and
education level, marital status, cohabiting family, economic status,
occupation, religion, family history, and social interactions in the social
realm.

To evaluate the effects of the application, self-efficacy, depression,
fear of cancer recurrence, and QoL measures were administered to
participants, as these factors were reported to be effective based on a
systematic review of web-based self-care intervention studies for cancer
survivors (Kim and Park, 2015) and identified as predictors of self-care
in the middle range theory of self-care of chronic illness (Ministry of
Health and Welfare, 2010) with the available Korean instruments.
Additionally, we assessed the changes in HPI scores, which were used as
the framework for evaluation support in the application.

Self-efficacy (Foster et al., 2015) was assessed using the Korean
version of the 11-item Cancer Survivors’ Self-Efficacy Scale (CSSES)
(Kim et al., 2019). The K-CSSES contains ten items rated on a ten-point
scale (1 = not at all confident to 10 = totally confident), with higher scores
indicating higher self-efficacy. Cronbach’s o ranged from 0.86 to 0.92.

Depression (Kohout et al., 1993) was assessed using the Korean
version of the Center for Epidemiologic Studies Depression scale
(CESD-10-D) (Gao and Yuan, 2011). This ten-item tool is rated on a
two-point scale (0-1). With a score of 3 as the cutoff, a score of 2 or
lower indicates normal, and a score of 3 or higher indicates depressive
tendencies (Bangerter et al., 2019).

Fear of cancer recurrence was assessed using the Fear of Cancer
Recurrence Inventory Short Form (FCRI-SF) (Simard and Savard, 2015).
We only used the items included in the short form of the Korean vali-
dated version (K-FCRI) (Shin et al., 2017). This tool comprises nine items
rated on a five-point scale, and higher scores indicate greater anxiety
regarding recurrence. Cronbach’s a was 0.89 at the time of development
(Simard and Savard, 2015).

QoL was assessed using the Korean version of the EORTC Quality of
Life Questionnaire (QLQ-C30) ver.3. In this 30-item tool, Items 1-28 are
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Stoma formation
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Social
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on the functional and symptom scales and are rated on a four-point
scale. Items 29 and 30 pertain to the global health status (QoL) and
are rated on a seven-point scale. The functional and symptom scales
each comprise subfactors. High scores on the functional scale represent
healthy levels of functioning. High scores on the symptom scale repre-
sent high levels of symptomatology or problems. High scores for QoL
represent high QoL. The score for each factor was calculated according
the scoring manual of the QLQ-C30 ver.3.

The HPI used for the evaluation support intervention in the appli-
cation was calculated as the total score. The score ranges from 0 to 8,
and higher scores indicate a healthier lifestyle (Ezoe and Morimoto,
1994; Yoon et al., 2021).

2.5. Data analysis

Data were analyzed using SPSS version 28.0. Significance was set at
p < .05, and confidence intervals (CI) were set at 95%. The participants’
demographic and health characteristics were analyzed using frequencies
and percentages. Usability was assessed based on the mobile app service
utilization rate. The effects were analyzed by first evaluating the
normality of the data on the differences between baseline and post-
intervention measurements, and then using paired t-tests for normally
distributed data and Wilcoxon’s signed-rank test for non-normal data.

2.6. Ethical considerations

The study was carried out with ethical approval from the Institu-
tional Review Board of Chung-Ang University (IRB No. 1041078-
202106-HRSB-160-01). The recruitment poster contained detailed in-
formation about the purpose and procedures of the study. The authors
provided further explanations to the candidates who contacted the
telephone number on the recruitment poster, obtained informed con-
sent, and provided instructions for downloading the mobile application.
Minimal personally identifiable information was collected, stored, and
managed as security documents, as per IRB regulations. The participants
were compensated with 100,000 KRW for participation and approxi-
mately 20,000-30,000 KRW for points earned through participation in
the app.

Psychological
Realm
Stress
urrenice Fear
cacy
ion
Mobile Application
| Information ‘
) Support
0()(;80 o O S ——
el O © s« Emotional ‘
O(rgf‘;-r = O Suppon
Appraisal ‘
Support

Education, Occupation
Social Networl,
Marital Status, Houzehold
Income, Religion
Family History

Fig. 1. Conceptual framework.
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3. Results

The study sample included 34 (82.9%) men and 5 (17.1%) women.
Participants’ mean age were 54.10 years (SD = 8.59) and the most
common age group was 50-59 years (n = 16, 39.0%). Participants were
diagnosed with rectal cancer (n = 25, 61.0%) or colon cancer (n = 16,
39.0%), and 78.0% (n = 32) of them had been diagnosed within the last
five years. The most common stage of cancer was Stage III (n = 22,
53.7%), and most participants had undergone surgery and chemo-
therapy. Approximately 9.8% (n = 4) of the participants had a stoma,
and approximately 24.4% (n = 10) reported experiencing high or very
high stress.

Of all the participants, 61.0% (n = 25) had a bachelor’s degree or
higher, 85.4% (n = 35) were married, and 92.7% (n = 38) lived with
their family. The most common monthly income levels were <1.5
million KRW (29.3%, n = 12) and >5 million KRW (29.3%, n = 12).
Most participants (90.2%, n = 37) did not have a family history of CRC,
and most (65.8%, n = 27) attended one to four social gatherings per
month (Table 1).

3.1. App usage analysis

Table 2 shows the participants’ use of the mobile app. Weekly
evaluation and counseling participation rates over the six weeks were
analyzed. The mean score for evaluation completion was 5.46 out of 6
(SD = 1.10), and the mean counseling participation score was 4.61 out
of 6 (SD = 2.30), showing that most participated in the weekly evalu-
ation and counseling. Out of those who did not complete all six of the
weekly evaluations, 14.6% completed five of them. Five participants
completed fewer than four of the weekly evaluations, while 12.2% did
not complete any of the weekly evaluations. The mean number of
counseling sessions provided by the mobile app was 13.39 (SD = 7.40),
and the mean number of counseling sessions completed by each
participant was 11.84 (SD = 8.19).

3.2. Analysis of the effects of using the mobile app

Table 3 shows the effects of using the mobile app. After six weeks of
using the mobile app, the participants showed significant changes in
their HPI, cancer survivors’ self-efficacy, and QLQ scores. Depression
and fear of cancer recurrence tended to decline, but these changes were
not statistically significant. The mean score for cancer survivors’ self-
efficacy significantly increased from 71.44 (SD = 15.66) to 73.32 (SD
= 14.26; z = 2.09, p = .04).

There was a statistically significant increase in HPI from 5.10 (SD =
1.36) to 5.61 (SD = 1.12), showing that the participants engaged in
healthier lifestyle practices (t =2.35, p = .02). The HPI was measured
weekly, and it rose continuously over the first three weeks (from 5.8 to
6.32) and slightly decreased thereafter.

QLQ scores indicated a statistically significant increase in QoL, from
69.11 (SD = 19.74) to 74.80 (SD = 15.53; t =2.03, p = .05). There was
also a significant increase in the functional score, from 77.18 (SD =
18.14) to 81.52 (SD = 17.01), to a healthy functional level (t =2.27,p =
.03). More specifically, the emotional functional score increased from
73.58 (SD = 24.0) to 81.10 (SD = 24.44), showing that the app helped
improve participants’ healthy emotional function (z =2.23, p = .03).
The total symptom score significantly decreased. from 25.27 (SD =
17.58) to 20.20 (SD = 17.23; t = 2.10, p = .04). More specifically, the
fatigue symptom score significantly decreased from 34.15 (SD = 23.36)
to 26.83 (SD = 22.08; z =2.54, p = .01).

4. Discussion
CRC survivors face several challenges even after completing their

treatment regimens (Mirkovic et al., 2014). Mobile app interventions
have been shown to be an excellent method to help survivors cope with
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Table 1
General characteristics of the study participants (N = 41).

Characteristics n (%)

Biological & Psychological Realm

Gender

Men 34 (82.9)

Women 7 (17.1)
Age

<39 2 4.9

>40 and < 49 11 (26.8)

>50 and < 59 16 (39.0)

>60 12 (29.2)
Body mass index

Underweight (<18.5 kg/m?) 4 9.8)

Normal (>18.5 and < 23 kg/m?) 15 (36.6)

Overweight (>23 and < 25 kg/m?) 6 (14.6)

Obese (>25 kg/m?) 16 (39.0)
Cancer type

Colon cancer 16 (39.0)

Rectal cancer 25 (61.0)
Time since diagnosis

<5 years 32 (78.0)

>5 years 9 (22.0)
Cancer stage

Stage I 5 12.2)

Stage II 8 (19.5)

Stage III 22 (53.7)

Stage IV 6 (14.6)
Lymph node metastasis stage

Stage 0 18 (43.9)

Stage [ 17 (41.5)

Stage II 6 (14.6)
Surgery

Yes 38 (92.7)

No 3 (7.3)
Chemotherapy

Yes 37 (90.2)

No 4 (9.8)
Radiotherapy

Yes 16 (39.0)

No 25 (61.0)
Stoma

Yes 4 9.8)

No 37 (90.2)
Time since treatment completed

<5 years 37 (90.2)

>5 years 4 (9.8)
Stress

Very often 2 (4.9)

Fairly often 8 (19.5)

Almost never 26 (63.4)
Never 5 12.2)
Social realm
Education

< Middle or high school 15 (39.0)

> College 25 (61.0)
Marital status

Single 2 4.9)

Married 35 (85.4)

Other 4 9.8)
Single household

Yes 3 (7.3)

No 38 (92.7)
Monthly income (Korean currency: won)

<1,500,000 12 (29.3)

>1,500,000 and < 3,000,000 9 (22.0)

>3,000,000 and < 5,000,000 8 (19.5)

>5,000,000 12 (29.3)
Currently employed

Yes 22 (53.7)

No 19 (46.3)
Religion

Yes 18 (43.9)

No 23 (56.1)
Family history

Yes 4 9.8)

No 37 (90.2)

(continued on next page)
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Table 1 (continued)

Characteristics n (%)

Frequency of meetings with acquaintances

Less than once a month 3 (7.3)

1-4 times a month 27 (65.8)

2-3 times a week 7 (17.1)

More than 4 times a week 4 9.8)
Table 2

Evaluation of application use for six weeks (N = 41).

n M SD Minimum Maximum
Weekly appraisals completed 41  5.46 1.10 2.00 6.00
Weekly advice response 31 461 2.29  0.00 6.00
completed
Number of advice 31 1339 7.40 0.00 32.00
Number of advice responses 31 11.84 819 0.00 32.00

their changed lives (Ayyoubzadeh et al., 2020) and promote their
well-being (Lubberding et al., 2015; Mirkovic et al., 2014). However,
existing mobile apps for CRC survivors provide fragmentary education,
and only 32% of these apps were developed in collaboration with
healthcare professionals, suggesting that most mobile apps do not pro-
vide professional services, which contributes to the low client satisfac-
tion ratings (O’Neill and Brady, 2012). The mobile app developed and
evaluated in this study was designed to provide comprehensive services,
including informational, emotional, and appraisal support, based on a
social support framework. Further, healthcare professionals (i.e., the
study’s authors) participated in the app’s development process to
enhance the expertise of the services provided.

In particular, since approximately 33% of the e-health services used
by CRC survivors provide coaching, such as consultations (Mirkovic
et al., 2014), incorporating automated, personalized coaching tech-
niques is a key strength of our mobile app. Health coaching has been
increasingly recognized as a useful strategy for meeting clients’ chronic
disease management needs (O’Malley et al., 2022). One study that
developed a mobile app for CRC patients undergoing chemotherapy
(Cheong et al., 2018) utilized interactive coaching techniques, allowing
patients to chat in real-time with their coordinator via messages, and
found that the patients showed significant improvements in their
physiological symptoms. Personalized advice and communication with
professionals are two high-priority needs for mobile apps among CRC
survivors (Ayyoubzadeh et al., 2022; Husebg, 2021). This study high-
lighted the possibility of providing cost-effective health coaching ser-
vices, one of the greatest interventional needs and a key supportive
strategy for cancer survivors by confirming that automated health
coaching services significantly improved patient outcomes. Similarly,
recent studies that applied automated health coaching features reported
that these services had comparable effects to services provided by
humans (Schueller et al., 2017); and a digital coaching intervention
study on cancer survivors who lost their jobs (Lo et al., 2021) reported
that a high percentage of survivors returned to work.

In this study, the dropout rate after downloading the mobile app was
approximately 19.6%. Despite the numerous strengths of e-health pro-
grams, poor engagement has been identified as a limiting problem, as
evident from the dropout rates (up to 50%) in some digital interventions
(Chow et al., 2020; Schueller et al., 2017). Our study’s relatively low
dropout rate may be attributable to the fact that weekly evaluations
provided users with tailored support services. Too much support can
negatively impact users’ motivation and weaken their autonomy
(Schueller et al., 2017). Providing simple services enhances the con-
tent’s clarity (Schueller et al., 2017). Thus, strategies providing differ-
entiated services tailored to each user should be employed to ensure
good usability of mobile apps.

European Journal of Oncology Nursing 66 (2023) 102413

Table 3
Changes in main outcomes after six weeks of using the mobile application (N =
41).

Pretest Posttest Zort p-
1
M (SD) M (SD) vatue
Cancer survivors’ self-  71.44  (15.66) 73.32 (14.26)  2.09 0.04
efficacy
Depression 2.41 (2.56) 2.17 (2.51) 0.94 0.35
Fear of cancer 14.63 (6.68) 14.20 (6.54) 0.26 0.79

recurrence
Quality of life questionnaire (QLQ)

Global health 69.11 (19.74) 74.80 (15.53) 2.03* 0.05
status/QoL
Functional score 77.18 (18.14) 81.52 (17.01) 2.27* 0.03

Physical functional 82.44
score

(14.51) 84.39 (15.03) 1.05 0.29

Role functional 82.11  (19.5) 83.74 (19.18) 0.98 0.33
score

Emotional 73.58 (24.0) 81.10 (24.44) 2.23 0.03
functional score

Cognitive 76.42  (25.27) 79.67 (19.55) 1.03 0.30
functional score

Social functional 67.07 (29.22) 7480 (27.92) 1.55 0.12
score

Symptom score 25.27 (17.58) 20.20 (17.23) 2.10* 0.04
Fatigue symptom 34.15 (23.36) 26.83 (22.08) 2.54 0.01
score

Nausea symptom 11.38 (19.87) 9.76 (20.74) 0.68 0.50

score

Pain symptom score ~ 23.17  (27.1) 16.67 (24.15) 1.47 0.14

Health 5.10 (1.36) 5.61 (1.12)  2.35* 0.02
practice
index
Smoking No* 13 (31.71) 16 (39.02)
5 packs or more 28 (68.29) 25 (60.98)
Alcohol use No** 35 (85.37) 36 (87.80)
High risk 6 (14.63) 5 (12.20)
drinking***
Breakfast Almost every 30 (73.17) 32 (78.05)
day*’"
Irregularly or 11 (26.83) 9 (21.95)
never
Sleep 7-8 h/day** 21 (51.22) 26 (63.41)
<7 h/day or > 20 (48.78) 15 (36.59)
8 h/day
Working <52 h/week** 23 (56.10) 28 (68.29)
>52 h/week 18 (43.90) 13 (31.71)
Physical Yes** 27 (65.85) 33 (80.49)
Activity} No 14 (34.15) 8 (19.51)
Healthy Diet Yes** 25 (60.98) 27 (65.85)
No 16 (39.02) 14 (34.15)
Mental Stress ~ Moderate or 35 (85.37) 32 (78.05)
low**
High 6 (14.63) 9 (21.95)

Note: M mean; SD standard deviation; *paired t-test; Wilcoxon signed rank test;
** positive health behavior; *** high risk drinking: men who drink more than 2
glasses per a day and women who drink more than 1 glasses a day; {Physical
Activity: >2 h and 30 min of moderate intensity aerobic physical activity per a
week (times of high intensity aerobic physical activity is calculated twice);
{Healthy Diet: low fat, low sodium, and daily fruit and vegetable intake.

The fact that the participants in this study experienced positive
changes in terms of QoL, healthy lifestyle, and self-efficacy after using
the mobile app demonstrates its usefulness for post-treatment CRC
survivors. Previous systematic reviews of e-health for CRC have reported
inconsistent findings regarding the effects of e-health on self-efficacy
(Mirkovic et al., 2014; Wan et al., 2022). A coaching application inter-
vention study for breast cancer survivors (Chow et al., 2020) also found
no significant changes in self-efficacy following the intervention. Ac-
cording to Bandura’s social cognitive theory, positive feedback and
success experiences boost an individual’s self-efficacy (Davies and
Batehup, 2010). One unique feature of our mobile app was the inclusion
of appraisal support, which allowed users to evaluate their healthy
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lifestyle practices pertinent to CRC prevention every week and receive
tailored health coaching and positive rewards. Further, the HPI gener-
ally increased over the six weeks, showing a significant increase in
healthy lifestyle practices after the mobile app use compared to the
baseline. Such services provided by the mobile app and the improve-
ment of healthy lifestyle practices served as positive feedback and suc-
cess experiences, respectively, which had a positive impact on
participants’ self-efficacy. Because self-efficacy is an essential element of
self-care (Davies and Batehup, 2010), success experiences and positive
feedback are critical service strategies for augmenting the effectiveness
of self-management interventions for CRC survivors.

QoL is the most widely assessed outcome measure of digital health
interventions for cancer survivors (Escriva Boulley et al., 2018), and our
participants showed significantly improved QoL. More specifically,
statistically significant improvements were found in the fatigue symp-
tom and emotional function scores. Fatigue is emphasized as an outcome
that is improved by digital health interventions (Escriva Boulley et al.,
2018). A systematic review of CRC eHealth (Mirkovic et al., 2014) re-
ported that four studies measured fatigue as an outcome, with three
showing significant improvements. Consistent with a systematic review
finding that web-based self-management support interventions for
cancer survivors effectively reduce fatigue (Kim and Park, 2015), the
mobile app developed in our study—also a web-based self-management
support intervention—significantly improved fatigue in CRC survivors.
A primary reason that the app led to improved QoL, including fatigue
and emotional functioning, possibly pertains to lifestyle modifications.
A healthy lifestyle has several benefits for cancer survivors (Rabin,
2009). Systematic reviews on lifestyle interventions (e.g., physical ac-
tivity, diet) for cancer survivors (Mishra et al., 2012; Roberts et al.,
2017) have shown that these interventions effectively ameliorate
negative emotions and fatigue and improve QoL. Studies on lifestyle
among CRC survivors (Brandenbarg et al., 2018; Grimmett et al., 2011)
have also reported that lifestyle is significantly associated with fatigue
and QoL. Further, cancer survivors display a high need for supportive
care from healthy lifestyle programs and are reported to use mobile apps
for lifestyle modification, such as increasing physical activity (Jansen
etal., 2015; Jiang et al., 2017). Further, lifestyle-related services are one
of the most common e-health services offered to cancer survivors
(Cuthbert et al., 2019; Mirkovic et al., 2014; Riley et al., 2011). Mobile
health, such as mobile apps, is effective in improving lifestyles (Cheong
et al., 2018), and the CRC survivors in our study also engaged in
healthier lifestyle practices after using the mobile app. Physical activity
and diet are more strongly linked to CRC than other cancers (World
Cancer Research Fund and American Institute for Cancer Research,
2018). Thus, lifestyle services are essential features of supportive mobile
app interventions for CRC survivors, considering the high needs,
acceptance, effectiveness in improving the targeted parameter, and their
impact on QoL.

While depression and fear of cancer recurrence tended to decline
among the study’s participants after using the app, this change was not
statistically significant. E-health has been shown to be a potentially
beneficial intervention strategy to address the fear of cancer recurrence
among survivors (Smith et al., 2020); however, few studies have applied
a mobile app and validated its effectiveness among CRC survivors. A
systematic review of web-based psychosocial interventions for CRC
patients currently undergoing treatment (Wan et al., 2022) reported that
these interventions effectively improved depression among the patient
population, but their effectiveness on depression in post-treatment CRC
survivors was unclear. A study that evaluated a computer-tailored
intervention for post-treatment CRC survivors (Golsteijn et al., 2018)
observed that depression was effectively improved, but the intervention
was limited to physical activities. Depression and fear of cancer recur-
rence are the most prevalent psychological challenges CRC survivors
face (McGeechan et al., 2022; Mosher et al., 2016; MirosSevic et al., 2019;
Santin et al., 2015), and improving such negative feelings after treat-
ment is critical to cancer survivorship care. Additional studies should
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further evaluate whether e-health interventions for CRC survivors
effectively improve depression and fear of recurrence.

4.1. Limitations

This study adopted a one-group pretest—posttest design, and the lack
of a control group is one of its limitations. The effects of the intervention
on depression and fear of recurrence should be further validated, as
statistically significant results were not observed in the study because of
the small sample size. Since most mobile app intervention studies are not
randomized controlled trials (Davis and Oakley-Girvan, 2015), they
need to present clear evidence on the effects of mobile apps on CRC
survivors, including the one developed in this study.

Further, we evaluated the effects following six weeks of using a
mobile app, which is the most common study duration for self-
management interventions with cancer survivors (Cuthbert et al.,
2019). However, given that CRC survivors need to engage in
self-management efforts long term to cope with their changed lives, and
that we applied automated coaching technologies that do not require
human resources, further studies investigating the effects of the
long-term use and usability of the mobile app could present insightful
implications. Moreover, longitudinal follow-ups are crucial for assessing
the retention of the effects of self-management interventions for cancer
survivors. The few studies that did perform longitudinal assessments
reported that the effects were not retained over the long term (Boland
et al., 2018). The mobile app developed in this study supports the
self-management efforts of CRC survivors. Since self-management is a
lifelong task for this population, sustainability of the effects of an
intervention is a critical aspect in evaluating the value of an interven-
tion. Hence, further studies are needed to investigate not only the effects
of a mobile app immediately after its use but also the duration for which
these effects are sustained after discontinuing its use. Finally, our mobile
app was rated as having good usability, based on the high completion
rate and low user dropout rate. However, we did not directly evaluate
the usability of the mobile app. Thus, the key aspects of usability—ease
of input, screen readability, applicability to life, stable system features,
and interactions—should be evaluated in the future (Ayyoubzadeh et al.,
2020).

5. Conclusion

CRC survivors experience various challenges even after completing
their treatment regimens, and they must engage in lifelong self-
management. Social support to enhance their QoL and health must be
weighed heavily in primary care. In this study, we developed a cost-
effective, easy-to-use, and well-accepted mobile application for CRC
survivors that provides personalized social support services. The mobile
app improved users’ self-efficacy, QoL, and lifestyle behaviors and
featured high usability. We expect this mobile app to be useful for
supportive care for post-treatment CRC survivors. In particular, the
automated health coaching technology in our app highlights the po-
tential of digital health coaching to overcome the existing shortcomings
of health coaching that require human resources.

In addition, our findings show that personalized, positive feedback,
success experiences, lifestyle practices, and health coaching services and
content may serve as important elements augmenting the effectiveness
and usability of self-care mobile apps for CRC survivors. These findings
will serve as the foundational data for the development of more effective
mobile apps in the future.
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