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Abstract

Objective: There are currently an increasing number of mobile health (mHealth) programs offered to patients with breast
cancer undergoing chemotherapy, but their rate of adherence to app usage has remained low. This study aimed to examine
the feasibility of an mHealth app-based program such as the adherence rate of app usage and determine the preliminary
effects on self-efficacy, quality of life, symptom burden and healthcare utilization in these patients.

Methods: We conducted a randomized controlled pilot trial. Ninety-six participants were randomly allocated into either an
intervention group or a control group (routine care plus a placebo app). The intervention group engaged in a 6-week self-
regulation activity and received nurse-led social support via the app. The intention-to-treat principle was adopted. The gen-
eralized estimating equation was utilized to analyze the between-group, within-group and interaction effectiveness of this
program.

Results: Totally 96 participants were enrolled from 16 May to 23 August 2022. The average rate of adherence to app usage
increased from 4.8% at week 3 to 51.2% at week 6. There was a statistically significant reduction in the physiological efficacy
scores of the intervention (p < .001) and control groups (p < .001) at week 6, compared with the baseline. At week 6, the
intervention group reported a significantly lower symptom burden (p= .042) and significantly better physical well-being
than the control group (p= .024).

Conclusions: It is feasible to perform an mHealth app-based self-management program for patients with breast cancer
receiving chemotherapy. Nurses can utilize this program to facilitate patient self-management of symptoms during
chemotherapy.

Registration: Clinicaltrials.gov, https://clinicaltrials.gov, (NCT05192525).
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Introduction
Breast cancer (BC) is the leading cause of cancer mortality
and ranks first for incidence in females worldwide.1 There
were currently an estimated 124,002 deaths and 429,105
new cases for Chinese breast cancer patients in 2022.2

Despite chemotherapy being a common systemic thera-
peutic strategy for improving the survival rate of BC
patients, its side effects, such as alopecia, vomiting, diar-
rhea and febrile neutropenia, remain problematic.3,4

Nowadays, there are increasing number of BC patients
receiving chemotherapy in outpatient settings.5 BC patients
are unable to receive timely medical support at home in the
transitional period of outpatient chemotherapy. When they
are not able to control symptoms at home, their first
choice is to go to outpatient departments. During the
COVID-19 pandemic, BC patients undergoing chemother-
apy were at a higher risk of getting infected in crowded out-
patient departments.6 Especially for those dwelling in
remote rural areas, traveling a long way to hospital may
increase their susceptibility to viral infections.7 Owing to
the fear of infection and the closure of clinics, many patients
have fewer chances to come into contact with healthcare
professionals. This puts patients at risk of having their
symptoms deteriorate and can lead to life-threatening situa-
tions.7 Finding an innovative channel such as mobile health
(mHealth) to support self-management among this group of
patients is warranted.

mHealth is defined as “the utilization of mobile apps to
promote health-related behaviors and deliver timely and tai-
lored healthcare for improving health-related outcomes of
an individual.”8 As an important carrier of mHealth,
mHealth applications have paved the way for delivering
healthcare services, enabling patients who live in rural
areas to consult healthcare providers and minimizing
unscheduled visits and risk of infection of patients.9–12

The health authorities of developed and developing coun-
tries have been adopting mHealth apps to support self-
management and symptom tracking for cancer patients.11

During the COVID-19 pandemic, Chinese hospitals pro-
moted the delivery of transitional care services via
mHealth apps for cancer patients undergoing ambulant
chemotherapy.13 Thus far, there has been limited evidence
about the effectiveness of mHealth app-based interventions
for Chinese BC women undergoing chemotherapy.

According to the CONSORT-EHEALTH, the use
(adherence) and non-use (non-adherence) of an intervention
(application) are important issues for the effectiveness of
mHealth app-based studies.14 Psychological and physical
outcomes seem affected by the adherence of mHealth app-
based interventions (i.e. the adherence of app usage).15 In
one e-support program for patients with BC during the
treatment of chemotherapy, patients’ app usage was posi-
tively related to self-efficacy, QoL and social support.16 It
is unclear regarding the mechanism of how the adherence

of app usage influences the outcomes of mHealth app-based
intervention. Previous evidence indicated that the mechan-
isms of adherence effect may be similar to the mechanisms
of placebo effect. In this case, it suggested to examine the
effectiveness of an mHealth app-based program under
placebo and active condition.15 Additionally, prior mHealth
self-management programs reported that the rate of adher-
ence to the app usage in BC patients had a decrease of
25.5%∼50% from the beginning to the completion of the
course of chemotherapy.17 Self-efficacy, which has been
identified to be a crucial factor affecting the self-management
behavior of BC patients, may have an impact on the patients’
adherence to app usage.18 Baydoun et al. proposed that
patients with higher self-efficacy levels have demonstrated
better at changing their self-management behavior than
those with lower self-efficacy levels.19

To explore the mechanisms underlying the adherence
effect of mHealth app-based intervention, we developed a
novel nurse-led mHealth self-management program
(mChemotherapy) under the guidance of Individual and
Family Self-management Theory (IFSMT).20 The IFSMT
proposed three facilitators to adherence to self-management
behaviors, which included (a) one macrosystem level where
social facilitation was used to positively support patients in
engaging a recommended behavior; (b) one mesosystem
level where patients were empowered to carry out self-
management behaviors and (c) one microsystem level
where patients gained confidence after performing the
intended behavior repeatedly.21 In the macrosystem level,
nurses played a crucial role in delivering social support
and providing care such as symptom tracking, case manage-
ment, surveillance, remote health education and medical
referrals. In the mesosystem level, patients with BC were
empowered to participate in self-regulation activities. Six
components of self-regulation activities, namely goal
setting, self-monitoring, reflective thinking, decision-
making, planning and action and self-evaluation were inte-
grated into a mobile application to foster self-monitoring
behaviors and promote symptom self-management.21,22 In
the microsystem level, patients recognized that they were
able to comply with self-regulation activities and improve
symptom burden, which in turn increase in their self-
efficacy levels and adherence to the apps. The current
study was designed to capture the phase of the first two
cycles of chemotherapy to observe the behavioral strategies
of patients with regard to how they respond to social
support and establish self-regulation routines.

The current mChemotherapy program was designed to
increase the self-regulation activities of the patients with
BC undergoing chemotherapy, offer them with nurse-
supervised social support with the aim of evaluating the
adherence effect of an mHealth app-based intervention
and improving their self-efficacy. The purposes of the
pilot study were to examine the feasibility (i.e. adherence
rate of app usage) and preliminary effects of this program.
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Methods

Design

A randomized controlled pilot study was adopted with two
parallel groups at the allocation ratio of 1:1. The registration
of this study has been posted on ClinicalTrials.gov since 14
January 2022 (NCT05192525). The study protocol has
been published elsewhere.22 All recruited patients received
the information explanation for the program and their
written informed consents were obtained prior to the base-
line data collection. Two follow-up visits were provided to
participants at week 3 and week 6, respectively.

Study setting and sampling

The study was conducted in an outpatient chemotherapy
ward of a medical hospital in Shanghai, China. The
sample size was calculated by G*Power, with the effect
size value of 0.38 reported from the same primary
outcome in a previous similar mHealth-based study.23 A
sample of 220 (with 110 per group) was needed with α of
0.05, and power (1 − β) of 0.80. Since this is a pilot
study, literature suggested to reduce the sample size of
the main study by 65%.24 Eventually, 94 subjects (47 per
arm) were estimated for recruitment, assuming an attrition
rate of 20%.

Inclusion and/or exclusion criteria

Participants were enrolled following inclusion criteria: (a)
adult women (≥18 years); (b) being newly diagnosed
with BC; (c) commencing chemotherapy and being sched-
uled at least four courses of chemotherapy prescription; (d)
owning a smartphone; (e) having Wi-Fi at home and (f)
being able to read, write and speak Chinese. Exclusion cri-
teria were: (a) being pregnant; (b) being diagnosed with
stage IV BC; (c) being scheduled targeted therapy or radi-
ation treatment; (d) having mental disorders and (e)
already participating in other mHealth trials.

Recruitment and randomization

The recruitment was carried out from 16 May to 23 August
2022. Four trained nurses enrolled the participants and
screened them for eligibility in the hospital. The nurses
who were responsible for recruitment screened the partici-
pants for eligibility and were not in charge of the process
of generating random assignments to the groups. The parti-
cipants were blinded to their group assignments before the
participants signed the consent forms. Then, the eligible
participants were randomly allocated to two groups by
using the software “the Randomizer.” A researcher who
did not engage in the recruitment and intervention carried
out the randomization. The allocation results were exhibited

only to the nurses who performed intervention in the
mChemotherapy platform. To minimize contamination
between groups, manuals specifically designed for the inter-
vention/control groups were provided to the participants.
The data were collected via online questionnaires. The
questionnaires for the two groups bore the same titles and
introductions in order to blind the participants in the
control group to the random allocation. The nurses who
were responsible for caring for the intervention group
were not involved in providing the routine care for the
control group.

Study interventions

Intervention group. Patients in the intervention group
received a 6-week nurse-led mChemotherapy program
starting from the self-regulation process of BC patients
undergoing chemotherapy.22 The mChemotherapy program
consisted of one core intervention “mChemotherapy appli-
cation,” one pre-chemotherapy visit and two scheduled
follow-up visits. The mChemotherapy application was pro-
vided to patients in the intervention group at the commence-
ment of chemotherapy.

A mChemotherapy application. The mChemotherapy appli-
cation was developed based on algorithm and contained
six modules: (a) self-monitoring, (b) knowledge base,
(c) alerts, (d) consultations, (e) reminders and (f) my
prescriptions (Figure 1). The algorithm structure of the
mChemotherapy app encompasses patient-initiated behav-
ior, system behavior and nurse-led behavior (Figure 2).
The patient-initiated behavior, self-monitoring, was set to
be correlated to three system behaviors (reminder, alerts
and knowledge base). Of the three system behaviors, the
alerts could trigger nurse-led behaviors. The nurse-led sup-
portive behaviors, such as consultations and nursing pre-
scriptions, could be provided to patients via the app.

The intervention protocols to self-management of eight
symptoms (i.e. fever/febrile neutropenia, nausea and vomit-
ing, diarrhea, constipation, oral mucositis, insomnia and
fatigue) were designed based on the clinical guidelines
and the systematic reviews for cancer patients undergoing
chemotherapy.4,25,26 A professional team, composed of
three nursing experts, two advance practice nurses, one
nursing teacher and two software engineers, constructed
and reviewed the intervention protocols and the algorithm
of the app.

(i) Self-monitoring: The “self-monitoring” module was
used by participants of intervention group to monitor their
symptoms by themselves during the 6 weeks. After the
commencement of chemotherapy, the participants were
required to report weekly on eight symptoms or whenever
they felt unwell. In addition, the participants could report
the results of a blood test after undergoing a blood
routine examination in an outpatient department. After
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Figure 1. Six modules of the mChemotherapy app for the intervention group.
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each report, the participants would be notified of the overall
severity of their symptoms (mild, moderate or severe).

(ii) Knowledge base: When the reported symptoms
were rated as mild, the self-management advice from the
knowledge base was sent automatically to the patients. In
the “Knowledge base” module, articles or videos on the
self-management of eight chemotherapy-related symptoms
were updated every 2 weeks. The patients could also search
articles or videos in the knowledge base through keywords.

(iii) Alerts: The “Alerts” module has two functions:
emergency hotline calls and medical referrals. When the
reported symptoms were rated as severe, an alert message
could be sent to nurses. A hotline call link was sent to the
patient so that he or she could immediately contact the
nurses. Nurses were required to initiate the emergency
hotline calls and arrange a medical referral to the emergency
department (ED) for the patients within 1 h, if necessary.

(iv) Consultation: The “Consultation” module was set
for participants to inquire about their symptoms and for
the nurses to perform a remote reassessment. When the
reported symptoms were rated as moderate, the participants
needed to complete a reassessment questionnaire via the
consultation module. For those whose reassessed results
were again rated as moderate, nurses delivered non-
pharmacological self-management advice to patients
within 24 h. For those whose reassessment results were
rated as severe, nurses could immediately send patients a
referral to an ED or outpatient department. Nurses could
also provide individualized feedback to participants on
their questions after the participants had completed the
reassessment questionnaires.

(v) Reminder: The “Reminder” module was utilized to
send automatic reminders for weekly self-monitoring. The
participants could receive two automatic reminder mes-
sages for their weekly task of self-monitoring, at 7:00
AM and 7:00 PM, during the 6-week intervention period.
For those participants who had not adhered to the self-
monitoring protocols, nurses reminded them to perform
the self-monitoring at the follow-up visits, if necessary.

(vi) My prescriptions: The “My prescription” module
was adopted by participants to review the previous

nursing prescriptions. Nurses delivered three sorts of
nursing prescriptions during the 6 weeks. The first kind of
nursing prescription, self-management advice (i.e. the
engagement in exercise), was automatically sent to patients
who had been assessed with mild symptoms. The second
kind of nursing prescription, non-pharmacological nursing
advice (i.e. the use of cryotherapy for mucositis), was deliv-
ered within 24 h to those who had been assessed with mild
symptoms. The third sort of nursing prescription, such as a
medical referral, was made by nurses to an ED within 1 h
for those with severe symptoms.

In the pre-chemotherapy visit, an individualized goal-
setting and a self-management planning were conducted
by the nurse. The nurses provided education about the treat-
ment regimen and the self-management of chemotherapy-
induced side effects via the Official WeChat platform to
the patients.

In the two scheduled visits (week 3, week 6), nurses
reviewed the comprehensive symptom reports by clicking
on the “History record” button on the mChemotherapy plat-
form. For those participants who did not adhere to the
weekly self-monitoring protocols, nurses asked them
about the potential reasons for their nonadherence to self-
monitoring and tried to provide encouragement to patients.
The nurse and the patients would co-design a long-term
self-management plan according to the patients’ specific
and individualized needs.

Control group

Participants in the control group were treated with routine
care plus a placebo app. The routine care included one pre-
chemotherapy visit and two planned visits. The placebo
app, which provided online consultation, reminders for
chemotherapy and education corner, was given to each
control group participant. The education corner provided
information and knowledge on breast cancer and cancer
treatments (i.e. introduction to breast cancer, causes of
breast cancer and prevention of breast cancer). In the pre-
chemotherapy visit, the nurses provided face-to-face educa-
tion about the treatment regimen and the symptom self-
management skills and knowledge to the patients. The two
nurse-initiated visits were provided to control group via tele-
phone calls at the 3rd week and the 6th week after the com-
mencement of intervention. Patients consulted the nurses via
telephone or the consultation module if they had any ques-
tions during the chemotherapy. Participants in the control
group were not able to use the mChemotherapy app until
they completed the post-data collection. The differences in
protocols between the two groups were presented in Table 1.

Fidelity of intervention

To ensure a complex intervention is implemented as
intended, a framework of intervention fidelity strategies

Figure 2. The structure of the mChemotherapy app.
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was adopted during the implementation phase of the study,
which includes (a) study design, (b) training the providers,
(c) delivery of treatment, (d) receipt of treatment and (e)
enactment of treatment skills.27,28 The current study followed
the five domains of fidelity strategies to ensure the rigor of the
nurse-led mHealth self-management intervention protocol.
The researcher evaluated the e-records of the mobile app
on a weekly basis for patients’ adherence to the nursing pre-
scriptions. At the end of the pilot study, the nurses completed
a self-report using a performance checklist.

Study variables

Feasibility outcomes. Feasibility of participant recruitment
and follow-up process. Five feasibility outcomes were mea-
sured, which included the time cost on subject enrollment,
the eligibility rate, recruitment rate, retention rate and with-
drawal rate.

Participant adherence of app usage. Participant adher-
ence of using the app was tested by: (a) the adherence to
the self-monitoring protocol and (b) data on the personal
app usage. The rate of adherence to the self-monitoring
protocol was assessed through the overall number of self-
monitoring days divided by 6. For those participants who
conducted self-monitoring once per week for 6 weeks,
their adherence rate would be 100%. Data on the personal
app usage for 6 weeks, such as log-in frequency was
tracked via the app database. Log-in frequency was
assessed as the number of times that a subject logged into
the modules of the app during 6-week intervention.

Effectiveness outcomes

Primary outcome: self-efficacy. The 29-item strategies used
by people to promote health (SUPPH) was utilized to
measure the self-efficacy of the participants. The patients
who reported higher scores indicated a higher level of

Table 1. Comparison of protocols between the two groups.

Protocols Intervention group Control group

Pre-chemotherapy
visit

✓ ✓

Components of the app

Self-monitoring ✓ ×

Alerts ✓ ×

Reminders ✓ ✓

Consultation ✓ ✓

My prescription ✓ ×

Knowledge base ✓ ✓

Frequency Self-monitoring: weekly Knowledge base: update once monthly

Knowledge base: update every 2 weeks

Delivery channel Pre-chemotherapy visit: routine care app/face-to-face Pre-chemotherapy consultation: placebo app/
face-to-face

Consultation: mChemotherapy app Consultation: placebo app/telephone

Follow-up: mChemotherapy app Follow-up: telephone

Intervention content Knowledge base: Self-management of
chemotherapy-related symptoms

Knowledge base: Knowledge about breast cancer and
cancer treatment

Intervention duration 6 weeks 6 weeks

Follow-up visits Week 3, week 6 Week 3, week 6
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self-efficacy.29 The SUPPH was validated and adapted
in Chinese cancer patients, having a high reliability
(Cronbach’s α=0.970).30

Secondary outcome: quality of life. The Chinese version
of Functional Assessment of Cancer Therapy-Breast
(FACT-B) was used to assess the QoL of BC patients.
Higher scores represented a higher level of QoL. FACT-B
has been proven to be reliable and valid tool with internal
consistency ranging from 0.82 to 0.85.31

Secondary outcome: symptom burden. The 28-item
Memorial Symptom Assessment Scale-Short Form
(MSAS-SF) was used to determine the symptoms burden
of patients during chemotherapy. The patient who reported
higher scores experienced symptoms with more frequency,
greater severity and higher distress.32 The simplified
Chinese version of MSAS-SF has been validated with
good reliability of Cronbach α (0.782∼0.874).33

Secondary outcome: healthcare utilization. Three types
of chemotherapy-induced healthcare utilization were col-
lected for analysis, involving patient-initiated emergency
calls and unplanned visits to the outpatient and emergency
departments. These records were obtained from the data-
base of the app.

Data collection

There were a total of three-time points for data collection,
namely, baseline (T0), week 3 (T1) and week 6 (T2). We
compared self-efficacy and QoL at three-time points.
Symptom burden was compared at two-time points (T1
and T2) and healthcare utilization was compared at T2. In
addition, sociodemographic data was collected at baseline.
At week 6, the feasibility outcomes were measured. All the
questionnaires were collected through an online question-
naire website. For the adherence of app usage, the logged
data of the subjects in both groups (the mChemotherapy
group and the control group) were collected during the
6-week intervention via the app.

Data analysis

The intention-to-treat (ITT) was employed as the primary
analysis for this pilot study.34 For the ITT anaysis, all par-
ticipants who are randomly assigned at baseline are
included in the data analysis, even if they have dropped
out of the study, did not adhere to the treatment, have not
received a scheduled intervention or have been lost to the
planned follow-ups.34 The student t-test and chi-square
tests were utilized to compare the continuous and categor-
ical baseline characteristics of participants, respectively.
Descriptive analyses were utilized to demonstrate the feasi-
bility outcomes (i.e. the recruitment rate, dropout rate, ques-
tionnaire feasibility, patient adherence to app usage).
Effectiveness outcomes, such as self-efficacy, QoL and
symptom burden, were compared for the group, time and

group × time effects by the generalized estimating equation
(GEE) model. A Mann–Whitney U test was adopted to
analyze the total value on frequency for patient healthcare
utilization among two arms. Multiple imputations were
adopted for the missing data, on the assumption that the
data had been missing completely at random.35 Missing
continuous variables were imputed using a Markov chain
Monte Carlo method and dichotomous or categorical vari-
ables were imputed using a fully conditional specification
model.36 Missing values were imputed within each group
with adjustments for the baseline level of the imputed vari-
able.36 Despite the ITT method can preserve the benefits of
randomization and yield an unbiased and accurate estimate,
it may also lead to an underestimation of the results of an
effective intervention. Therefore, sensitivity analyses were
conducted by the comparisons of effectiveness outcome
results under different analytic and statistical methods (i.e.
ITT vs. per-protocol [PP] analysis, covariate-unadjusted
vs. covariate-adjusted models, with vs. without multiple
imputations). Since age has been identified as a crucial pre-
dictor of SUPPH scores and participants had statistically
marginal between-group differences with regard to ages at
baseline (intervention: 48.6 [12.2] years vs. control: 53.0
[10.9] years; 95%CI [−9.08 to 0.29], p= .065), it was
used as a covariate in the adjusted GEE analyses.37

Statistical analyses were carried out via IBM SPSS
Statistics 26.0. The significance levels were assumed at
0.05 for two-tailed tests.

Ethical considerations

The study was granted ethical approval by the Human
Subjects Ethics Sub-Committee (HSESC) of the Hong
Kong Polytechnic University on 20 September 2021.
Participants had the option to decline participation or with-
draw at any point without consequence. Refusal or with-
drawal could not impact their regular care. Participants
received information on the study’s purpose, procedures,
risks, benefits, incentives, security and privacy. They
received unique login credentials for the app. Personal
data remained confidential, and all participants were
de-identified. Only the research team had access to the
data, which was securely stored. No data was saved on per-
sonal devices. The pilot study’s findings were used in pub-
lication, with no personal information disclosed.

Results

Feasibility outcomes

Feasibility of participant recruitment and follow-up process.
From 16 May to 23 August 2022, 96 patients (mean [SD]
age, 58.9 [12.5] years) were enrolled. Of them, 64.6%
(62/96) were at stage I of breast cancer and the majority
(78.1%) received adjuvant chemotherapy (Table 2).
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Table 2. Baseline characteristics of the participants.

Total (n= 96) Intervention (n= 48) Control (n= 48) Between groups (p-value)

Age: mean (SD) 58.93 (12.47) 48.60 (12.15) 53.00 (10.91) .065

Gender, n (%)

Female 96 (100%) 48 (100%) 48 (100%)

Male 0 (0.0%) 0 (0.0%) 0 (0.0%)

Educational background, n (%) .306

Primary school 0 (0.0%) 0 (0.0%) 0 (0.0%)

Secondary school 45 (46.9%) 20 (41.7%) 25 (52.1%)

Tertiary school 51 (53.1%) 28 (58.3%) 23 (47.9%)

Employment status, n (%) .220

Full-time job/Part-time job 46 (47.9%) 26 (54.2%) 20 (41.7%)

Housewife/Retired/Unemployed 50 (52.1%) 22 (45.8%) 28 (58.3%)

Marital status, n (%) .460

Married 88 (91.7%) 43 (89.6%) 45 (93.8%)

Single/divorced/widowed 8 (8.3%) 5 (10.4%) 3 (6.2%)

Monthly family income (RMB), n (%) .123

<3000 8 (8.3%) 2 (4.1%) 6 (12.5%)

3000～6000 17 (17.7%) 10 (20.8%) 7 (14.5%)

6000～10,000 39 (40.6%) 16 (33.3%) 23 (47.9%)

>10,000 32 (33.3%) 20 (41.6%) 12 (25%)

Cancer stage, n (%) .936

Stage I 62 (64.6%) 30 (62.5%) 32 (66.7%)

Stage II 22 (22.9%) 11 (22.9%) 11 (22.9%)

Stage III 12 (12.5%) 7 (13.6%) 5 (10.4%)

Surgery, n (%) .554

Modified radical mastectomy 19 (19.8%) 11 (22.9%) 8 (16.7%)

Simple mastectomy 25 (26.0%) 11 (22.9%) 14 (29.2%)

Breast-conserving surgery 25 (26.0%) 15 (31.3%) 10 (20.8%)

(continued)
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The recruitment rate was 82.1% (96/117) and six out of 96
participants withdrew from the study intervention (6.3%).
Figure 3 exhibited the Consolidated Standard of Reporting
Trials (CONSORT) Flow Diagram.

Homogeneity of the baseline variables between the two
groups. No statistically significant differences in the demo-
graphic and clinical data of the groups were found, with the
p-value ranging from 0.065 to 0.936. No statistically sig-
nificant between-group differences on self-efficacy and
QoL were identified at baseline.

Patient adherence of using the app

The average adherence rate to app usage increased from
4.8% at week 3 to 51.2% at week 6. The total frequency
of reported symptoms was 498. Of them, fatigue was the
most frequently reported symptom (n= 138), followed by
insomnia (n= 96) and constipation (n= 80) (Figure 4).
The least frequently reported symptom was fever (n= 10).
Regarding the login frequency of knowledge base, the self-
management advice for fatigue was the most frequently
read paper by patients, followed by the advice for infection
prevention and self-management of constipation.

Fidelity of intervention

According to the results of the researcher’s evaluation and
the nurses’ self-reported checklist, all of the nurses had
adhered to the intervention protocols.

Effectiveness outcomes

Self-efficacy. No statistically significant between-group and
interaction effects of both total and sub-scale self-efficacy
scores were obtained over the 6 weeks. The scores of
physiological efficacy domain reached a statistically signifi-
cant reduction in both two groups from baseline to week 3
(intervention, B=−60.16, 95%Cl [−64.93 to −55.38],
p < .001; control, B=−61.25, 95%Cl [−66.64 to −55.86],

p < .001). In the contrary, the performance efficacy scores
exhibited a statistically significant increase from baseline
to week 3 in both groups (Table 3).

Quality of life. The between-group effectiveness exhibited
that the participants in the intervention group reported sig-
nificantly better physical well-being domain scores than
those in the control group (B=−2.39, 95%Cl [−4.41 to
−0.37], p= .021). The intervention group reported signifi-
cant higher functional well-being scores (B= 2.33, 95%Cl
[−0.13 to 4.79], p= .047) and lower physical well-being
scores (B=−3.10, 95%Cl [−5.80 to −0.40], p= .024)
than the control group at week 6 (Table 3).

Symptom burden. The MSAS scores increased from week 3
to week 6 in the control group (B= 7.07, 95%Cl [2.96 to
11.18], p= .001). At week 6, the intervention group
showed a statistically significantly lower MSAS scores (B
= 8.03, 95%Cl [0.31 to 15.75], p= .042) than the control
group (Table 4). The prevalence of six symptoms (lack of
energy, nausea, feeling drowsy, vomiting, problems with
sexual interest or activity, weight loss) exhibited statistic-
ally significant between-group differences at week 6.
Figure 5 displays the distribution of symptom prevalence
reported in MSAS at week 6.

Healthcare utilization. The total number of healthcare util-
ization for the control group (n= 405) was more than that
of the intervention arm (n= 298). Significant less instances
of WeChat consultation were found in the intervention
group (n= 85), compared with the control group (n= 134)
(p= .050).

Sensitivity analysis

The majority of self-efficacy results were the same when
using the ITT or PP analytical methods. No obvious
changes were noted in those statistics with and without con-
trolling for the factor of age. The minor variations in the

Table 2. Continued.

Total (n= 96) Intervention (n= 48) Control (n= 48) Between groups (p-value)

Others 6 (6.3%) 3 (6.2%) 3 (6.2%)

Without surgery 21 (21.9%) 8 (16.7%) 13 (27.1%)

Chemotherapy scheme, n (%) .217

Neoadjuvant chemotherapy 21 (21.9%) 8 (16.7%) 13 (27.1%)

Adjuvant chemotherapy 75 (78.1%) 40 (83.3%) 35 (72.9%)

Note: Statistically significant at p < .05.
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Figure 3. A consolidated standard of reporting randomized trials (CONSORT) flow diagram.
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mean difference indicated that the confounding effects of
potential factor (older age) were non-significant.

Discussion
Overall, this mHealth nurse-led self-management program
displayed a high recruitment rate and a low withdrawal
rate. The adherence rate to app usage had an increment
from 4.8% in the middle of the program to 51.2% at the
end of the program. Despite this program had no significant
effectiveness on self-efficacy, patients in the mChemotherapy
group reported significant lower symptom burden and higher
QoL scores than those in the control group. Meanwhile, this
program had significant benefits on healthcare utilization
regarding the WeChat consultation.

The feasibility of this mHealth nurse-led
self-management program

The recruitment for the current pilot RCT commenced
on 16 May 2022, when the pandemic in Shanghai led
to great changes in treatment for patients with cancer.
Numerous clinics were closed, cancer treatments such as
chemotherapy were suspended and cancer patients seldom
visited to hospitals due to the fear of becoming infected
and to the COVID-19-related social restrictions. Patients
were also much less willing to take part in clinical studies
after the onset of the pandemic in Shanghai in March
2022. However, our recruitment rate was higher than previ-
ous mHealth studies.38–40 Individuals are easier to sign up
for an mHealth intervention as they feel it provides a
channel in which they can receive online social support
quickly and facilitate better management of their symptoms.41

This program provided timely online social support by
nurses to better manage patients’ symptoms, which contrib-
uted to a low withdrawal rate in the intervention group.
Conversely, the patients in the control group had a higher
dropouts than those in the intervention group. This could
be explained by the results from the post-intervention

group interviews, which have been submitted to a journal
but unpublished yet. For example, the patients in the
control group commented that they did not receive timely
social support from nurses. It suggested that more strategies
should be used to reduce the attrition rate such as weekly
reminder to participation via telephone rather than mes-
sages. Moreover, several patients have commented that
they were happy to accept the invitation of enrollment
since it was not cumbersome to use the mHealth app. We
conducted a usability testing before the recruitment and
high perceived usability scores were obtained from the
patient–testers, which indicated that the usability of this
mChemotherapy intervention featured with a high quality.
Furthermore, the results of group interviews showed that
most patients agreed to engage in the study as they per-
ceived this mHealth app provided them a reliable and valu-
able healthcare resource from a top hospital in China. A
number of patients residing in rural locations underwent
outpatient chemotherapy in Shanghai. Typically, they
would return home in between their chemotherapy sessions.
In rural areas, the availability of healthcare resources is not
as extensive as it is in Shanghai. This program has the
potential to offer remote care through mHealth to breast
cancer patients residing in underdeveloped regions.

The app usage adherence rate exhibited a significant
jump, rising from 4.8% to 51.2%. The improving adherence
rate of using apps across the program was not in line with
the previous mHealth studies that reported decreasing
rates of 25.5%∼50% app usage from the beginning to the
completion of the course of chemotherapy.42,43 The low
adherence rate of 4.8% at week 3 may be attributed to the
lack of motivation among breast cancer patients to engage
in self-monitoring, particularly during the initial chemother-
apy cycle’s transitional periods when severe symptoms are
experienced. The increase in adherence rate of app usage
may be explained by two reasons. First, IFSMT proposed
that patients who have high self-efficacy levels will be
more intended to comply with self-management activities
(i.e. the adherence behavior of using apps). Second, the
low symptom burden and high awareness of symptom
control in turn fostered patients to maintain the app usage
in symptom self-management and consequently increase
their adherence rate of app usage.44

The effectiveness of this mHealth nurse-led
self-management program

At week 6, the patients in the intervention group reported a
higher performance domain score of self-efficacy compared
with those in the control group, although there were statis-
tically significant interaction effects for self-efficacy. The
result was different from one previous study, which tested
the effects of mHealth-based social support and reported
that the e-support intervention had significant effects on
BC patients’ self-efficacy.16 Two reasons were identified

Figure 4. Distribution of symptoms reported via the app over 6
weeks (n= 498).
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to interpret the non-significant between-group effects of this
program on self-efficacy. First, the patients in the control
group received the social support via a placebo app,
which could potentially mimic the effects of the current
intervention program on self-efficacy. Second, the interven-
tion effects could be influenced by the rate of adherence to
app usage. The low rate of adherence to app usage for some
participants might diminish the intervention’s effectiveness
on self-efficacy.

Regarding the quality of life, the mChemotherapy group
had statistically significantly better physical well-being than
those in the control group. This finding was not in agree-
ment with one RCT from Taiwan.45 For the emotional
and social domain of QoL, in the current study patients in
the intervention group reported better emotional and
social well-being than those in the control group, although
there were no significant differences between the groups.
This finding was in line with one recent RCT from
Sweden and another cohort study from Slovenia.38,46 At
the mesosystem level, BC patients were empowered
to participate in iterative self-regulation activities. The

self-regulation process increased the patients’ health aware-
ness. They paid more attention to the self-management of
physical symptoms. Symptom self-management behaviors
affect the symptom burden, which may conversely influ-
ence health-related QoL.19 Additionally, the clinical phys-
ical improvement can contribute to further improvement
in functional well-being.47 Thus, the patients in the inter-
vention group reported slightly better functional well-being
scores at week 6 than those in the control group.

This mChemotherapy program had encouraging results
regarding symptom burden. The intervention group
reported statistically significant lower scores for the total
MSAS and PHYS domains than the controls at week 6.
Our findings were similar with previous studies.12,48

Additionally, patients’ symptom prevalence was higher in
the placebo app group than those in the mChemotherapy
app group. The lower frequencies of visits to outpatient depart-
ment were observed in the patients of mChemotherapy group
compared with the controls. In addition, the less healthcare
utilization such as the readmission rate may lead to the reduc-
tion of medical expenses.

Table 4. The between-group, within-group and interaction effects of symptom burden by ITT analysis.

Items n T1 T2
Between groups
[95%Cl] (p)a

Within group [95%Cl] (p)b

I: (T2 vs. T1) C: (T2 vs. T1)

Interaction [95%Cl]
(p)c (T1 * group)
(T2 * group)

Total MSAS

Intervention: Mean (SE) 48 19.80 (2.43) 22.69 (2.53) [−11.90∼1.83] (.151)a [−2.81∼5.89] (.488)b1 [−4.74∼9.73] (.499)c1

Control: Mean (SE) (Score
range: 0–128)d

48 23.33 (2.55) 28.32 (2.57) [2.96 to 11.18] (.001**)b2 [0.31∼15.75] (.042*)c2

GDI

Intervention: Mean (SE) 48 8.00 (1.16) 8.26 (1.03) [−3.82∼1.72] (.459)a [−2.30∼1.40] (.633)b1 [−3.25∼2.93] (.919)c1

Control: Mean (SE) 48 8.58 (1.06) 9.64 (1.06) [0.004∼4.35] (.050)b2 [−0.64∼5.58] (.120)c2

PHYS

Intervention: Mean (SE) 48 8.60 (1.27) 9.43 (1.38) [−6.78∼0.17] (.062)a [−2.69∼2.46] (.930)b1 [−2.37∼5.03] (.481)c1

Control: Mean (SE) 48 10.49 (1.33) 13.41 (1.41) [1.69∼6.69] (.001**)b2 [1.55∼9.72] (.007*)c2

PSYCH

Intervention: Mean (SE) 48 4.73 (.75) 4.65 (.79) [−1.64∼2.19] (.777)a [−1.34∼0.96] (.743)b1 [−2.62∼1.51] (.595)c1

Control: Mean (SE) 48 4.71 (.74) 4.74 (.66) [−1.06∼1.91] (.574)b2 [−2.15∼2.26] (.959)c2

Note. GDI: Global Distress Index; MSAS: Memorial Symptom Assessment Scale; PHYS: Physical Symptom dimension; PSYCH: Psychological
Symptom dimension. aP value for between-group effects. bP value for within-group effects. cP value for interaction effects. b1P value for time effects
of intervention group. b2P value for time effects of control group. c1P value for time (T1)*group effects. c2P value for time (T2)*group effects. dLower
scores indicate better symptom burden.
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Strengths and limitations
One strength of this pilot RCT is that several strategies of
sensitivity analyses such as ITT and PP methods were
adopted. The similar results from the sensitivity analyses
pointed to the high reliability and robustness of the study.
The preliminary effectiveness of this program could be sup-
ported by the results from the sensitivity analyses.

Our pilot study has several limitations. First, the attrition
bias could not be excluded. A number of participants did
not answer the questionnaires due to forgetfulness or
symptom distress. To reduce the attrition bias, the missing
data was checked and addressed by multiple imputations.
Moreover, the univariate association analyses were used
to compare the participants who were with and without
missing values. These analyses for comparisons facilitate
to discern the variables which could be included in the
imputation model and provide proof for the plausibility of
the missing at random assumption.49 Second, the selection
bias for participants should be taken into consideration,
although no significant difference of the variables was
found between the two groups at baseline. Most participants
(75%) who were aged below 60 years were included in this
study. The patients who were unable to use smartphones
were commonly elderly patients and were excluded during
the process of recruitment. Thus, the effectiveness of the
intervention should be used with caution for patients at all
ages. The lack of a longer study duration and follow-up
period is also one limitation of this pilot study. The duration
of the interventions in similar previous mHealth RCTs varied
from 6 weeks to 160 days.17 Although several positive results
on QoL and symptom burden were identified, the long-term
effectiveness and sustainability of the intervention have yet to

be exhibited. A follow-up period of 12 weeks or longer
should be used in a future full-scale study to evaluate the sus-
tained effectiveness of this program.

Conclusions
It is feasible to conduct a 6-week nurse-led mHealth app-
based self-management program for patients with BC
undergoing chemotherapy. Self-efficacy is a facilitator to
the adherence behavior of app usage in BC patients under-
going chemotherapy, despite there being no significant dif-
ference in group and interaction effects on self-efficacy.
This program has preliminary effectiveness in improving
BC patients’ symptom burden and physical well-being
during chemotherapy. A future double-blinded full-scale
RCT is needed to definitely determine the effectiveness of
this program among BC patients during chemotherapy.
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