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a b s t r a c t

Objectives: This study aimed to explore the effectiveness of the theory-based tailored mHealth physical
activity (PA) intervention among patients with breast cancer undergoing chemotherapy.
Methods: A quasi-experimental study design was adopted. A total of 60 breast cancer patients were
selected from two tertiary hospitals in Shanghai and Hangzhou City from September 2019 to August
2021. According to the admission order, 30 patients were first included in the control group, followed by
30 patients in the intervention group. A smartphone application (app) named “Breast Care” was
developed based on social cognitive theory, self-efficacy theory, and the theory of planned behavior. The
app integrated various functions, including information browsing, PA monitoring and feedback, symp-
tom reporting, and social interaction. Patients in the intervention group received three months of
personalized online PA guidance in addition to routine care. The control group received routine care.
Baseline and post-intervention investigations after three months were conducted in two groups using
the Short Form of International Physical Activity Questionnaire, the Hospital Anxiety and Depression
Scale, and the Functional Assessment of Cancer TherapydBreast cancer.
Results: After three months of intervention, compared to the control group, breast cancer patients in the
intervention group showed significant improvements in walking, moderate PA, and overall PA (P < 0.05).
Compared to the baseline data, breast cancer patients in the intervention group had significant im-
provements in walking and overall PA after three months (P < 0.05), whereas the control group expe-
rienced significant declines in walking, moderate PA, and overall PA after three months (P < 0.05). There
were statistically differences between the two groups in scores for anxiety, overall quality of life, and its
dimensions, such as physical well-being, emotional well-being, and additional breast cancer well-being
(P < 0.05).
Conclusions: The theory-based tailored mHealth PA intervention has demonstrated a positive impact on
promoting PA behavior change and emotional management among breast cancer patients. The ‘Breast
Care’ app integrated various practical behavior change strategies, offering valuable guidance for
personalized remote rehabilitation support for cancer patients.
© 2024 The authors. Published by Elsevier B.V. on behalf of the Chinese Nursing Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
ing Association.

B.V. on behalf of the Chinese Nursi
ng Association. This is an open access article under the CC BY-NC-ND license (http://

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:yuancr@fudan.edu.cn
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijnss.2024.08.006&domain=pdf
www.sciencedirect.com/science/journal/23520132
http://www.elsevier.com/journals/international-journal-of-nursing-sciences/2352-0132
http://www.elsevier.com/journals/international-journal-of-nursing-sciences/2352-0132
https://doi.org/10.1016/j.ijnss.2024.08.006
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ijnss.2024.08.006
https://doi.org/10.1016/j.ijnss.2024.08.006


Z. Geng, J. Wang, W. Lyu et al. International Journal of Nursing Sciences 11 (2024) 405e413
What is known?

� Physical activity (PA) plays an important role in sustaining the
physical and psychosocial health of patients with breast cancer
during chemotherapy, while cognitive deficiencies and
treatment-related side effects restrict patients from engaging in
regular exercise.

� Mobile health interventions have advantages in knowledge
sharing, PA behavior tracking, implementing individualized
guidance, and social connection.

� The social cognitive theory (SCT), self-efficacy theory (SET), and
theory of planned behavior (TPB) provide a theoretical basis for
designing a new tailored remote PA intervention.
What is new?

� Behavioral intervention strategies derived from SCT, SET, and
TPB strengthened the efficacy of the smartphone application,
with short message services serving as a valuable adjunct for
disseminating personalized PA support information.

� The theory-driven tailored mHealth PA intervention showed
favorable prospects in enhancing PA behavior, managing emo-
tions, and improving quality of life in breast cancer patients
during chemotherapy.
1. Introduction

Breast cancer is the most common invasive cancer threatening
the lives of women. As GLOBOCAN 2020 claimed [1], the prevalence
of breast cancer reached 2.3 million cases, surpassing lung cancer,
which is one of the five leading causes of cancer-related deaths
worldwide. More than 90% of breast cancer cases can be attributed
to environmental, reproductive, and lifestyle factors, while less
than 5% are genetically inherited [2]. With the popularity of early
screening, innovation in gene diagnosis, and advanced targeted
therapy, the prognosis of breast cancer is relatively positive. Un-
fortunately, with adjuvant combination chemotherapy, patients
report unpleasant symptoms such as fatigue, weight gain,
insomnia, and depression [3e6]. Reduced aerobic fitness and
muscle function deterioration have also been identified in patients
with sedentary lifestyles [7]. More effective strategies should be
developed to maintain a high quality of life (QoL) and reduce sur-
vival deficits in women with breast cancer.

Physical activity (PA), a modifiable protective factor, provides an
approach to sustaining the physical and psychosocial health of
patients with breast cancer, both during and after treatment. The
potential benefits of PA for a range of health outcomes have been
verified in numerous studies. These include reducing cancer-
related fatigue [8], decreasing the occurrence of fractures, joint
pain, and lymphedema, managing sleep disorders and anxiety [9],
and improving muscle strength, flexibility, cardiorespiratory
fitness, bone density, and self-esteem [10]. Moreover, a large body
of evidence has shown that regular PA can reduce the risk of cancer
mortality and recurrence in the long run [11e13]. However, owing
to a lack of awareness about PA, suffering from the side effects (e.g.,
fatigue, renal toxicity, the consciousness of one’s vulnerability) of
chemotherapy [14], or the influence of traditional customs of rest
after illness, most patients with breast cancer remain inactive
during chemotherapy [15,16].

Several mobile phone applications (apps) have been marketed
to promote PA. This simple, accessible, and convenient method
breaks the boundaries of time and space and demonstrates ad-
vantages in knowledge sharing and social connection. Especially for
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PA, mobile health (mHealth) technologies such as smartphone apps
or wearable devices make behavior tracking easier, more accurate,
and cost-efficient [17]. Moreover, real-time monitoring provides
detailed information on healthcare workers’ implementation of
tailored interventions. However, few apps bring about practical
transformation regarding PA behavior change because of the focus
on health knowledge education and the lack of a theoretical basis to
guide the development process of apps. Moreover, the advantages
of short message sending (SMS) are not well reflected in current
app-driven interventions. Defects in the mechanism restrict these
mobile apps from producing sustainable benefits for cancer
survivors.

The classical behavioral changing theories such as the social
cognitive theory (SCT) [18,19], self-efficacy theory (SET) [20,21],
and theory of planned behavior (TPB) [22] have been considered to
perform well in promoting PA behavior in traditional intervention
settings. The core concept of SCT posits that an individual’s activ-
ities result from the interaction of personal factors (cognitive,
emotional, and biological), environmental factors (social and
physical environment), and behavior. Intervention strategies based
on SCT emphasize the individual’s ability to control their behavior
and changes produced by the individual or the environment.
Fundamental components of SCT include self-management skills,
outcome expectancy, self-efficacy, and cue to action, which could
be viewed as targeted skills to implement PA intervention for
obtaining higher compliance and actual behavior change. Self-
efficacy, a key construct of SCT, is a task-driven concept that in-
dicates an individual’s confidence in completing concrete assign-
ments. Four ways extracted from the SET, including direct
experience, indirect experience, verbal persuasion, and improve-
ment of physical, psychological, and emotional states, can shape
patients’ self-efficacy and thus influence self-management
behavior. TPB posits that behavior cannot be solely explained or
predicted by attitudes. Instead, it is influenced by behavioral in-
tentions and perceived behavioral control. The antecedents of
behavioral intentions encompass attitudes, subjective norms, and
perceived behavioral control. Concepts of subjective norms in the
TPB can help predict and interpret individual PA behaviors. All the
theories mentioned above have multidimensional implications for
the practical intervention level of PA.

In this context, we conducted a tailored mHealth intervention
approach based on specific psychosocial and behavioral theories,
using smartphone apps and SMS to support PA management in
patients with breast cancer. Considering not applying blinding in
using the app and receiving SMS for participants, we chose a quasi-
experimental design with participants having a similar cycle of
chemotherapy to strengthen the results. Through conducting the
intelligent remote intervention, we aimed to examine the effects of
the theory-based tailored mHealth PA intervention program and to
determine whether this mobile lifestyle rehabilitation model
would improve PA behavior in patients with breast cancer during
their chemotherapy, thus adding evidence to the field of mHealth
interventions in cancer patients.

2. Methods

2.1. Study design and participants

This study employed a non-synchronized quasi-experimental
design. A total of 60 participants were recruited from tertiary
hospitals in Hangzhou and Shanghai, China, with 30 participants
each in the control and intervention groups. Enrolment was con-
ducted between September 2019 and August 2021. The inclusion
criteria were: 1) diagnosis of breast cancer; 2) over 18 years old; 3)
receiving chemotherapy for the first time with 21-day course; 4)
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having no serious side effects to restrict PA and 5) owning an
Android smartphone system. The sample size was calculated using
the formula n1 ¼ n2 ¼ 2*[(maþmb)/(d/s)]2 [23] by setting a ¼ 0.05,
b¼ 0.20, ma¼ 1.96 and mb¼ 0.84. According to the pilot study by our
research team [24], the mean score of change of the short form of
the International Physical Activity Questionnaire for patients with
breast cancer was 945.7 (SD ¼ 693.0) after the intervention. The
recommended sample size was 30 for each group. As the partici-
pants in our study could interact with each other when undergoing
chemotherapy at the Department of Breast Surgery at the hospital,
random assignment and blinding patients in the two groups were
not feasible. We recruited the control group first in two hospitals,
with 15 patients in each, and after three months, the intervention
group was recruited in each hospital with 15 patients, respectively.

2.2. Interventions

Given that the chemotherapy cycle is 21 days long, so the
tailored mHealth PA interventionwas implemented in hospital and
home. On the first day of the chemotherapy cycle, recruited par-
ticipants were investigated using the self-designed PA capability
assessments at the hospital. After that, patients went back home
and started the online supported journey in the remaining 20 days
until the next appointment, upon which they returned to the
hospital for the second round of chemotherapy, thus repeating the
cycle. During the 3-month intervention, patients in the interven-
tion group received app-based PA support throughout the entire
process, supplemented by SMS twice a week. The other nursing
interventions during the chemotherapy period were the same in
the intervention and control groups delivered by the same group of
medical staff.

2.2.1. Intervention group
2.2.1.1. Establishment of the research team. To effectively imple-
ment this mHealth PA intervention project, it is crucial to establish
a research team comprising researchers and clinical nursing pro-
fessionals. The research team comprised a lead nursing researcher,
two research assistants, and two clinical nurses. The principal
nursing researcher specializing in oncology nursing was respon-
sible for the whole process, including baseline investigation, online
PA behavior monitoring, and targeted short message delivery. Two
postgraduate nursing students as the research assistants were
trained to implement individualized patient management and
undertake the app’s client-side management and portal-side
administration, including recording automatically identified
weekly PA performance and unpleasant symptoms reported by
participants, and they were also in charge of sending tailored short
messages and updating the knowledge base at the portal. Two
clinical nurses in the department of breast surgery helped answer
the queries raised by the patients on the portal every week and
provided health education and symptom guidance when patients
visited the hospital. The app and backstage management system
were developed by the software engineers, who were also
responsible for ensuring smooth operation during the process of
intervention.

2.2.1.2. Development of the theory-based tailored mHealth PA inter-
vention application. A new version of a smartphone app named
‘Breast Care’ was developed under the guidance of behavioral
changing theories, including SCT, SET, and TPB. The prototype of
this app is called the ‘Information Assistant’ [25], which our
research team has developed to meet patients’ information needs
in different phases. The key model constructs selected from the
three behavioral theories were adopted to optimize the app’s
content and functionality. Specifically, intervention strategies
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including setting PA goals, PA self-monitoring, overcoming barriers,
social interaction, internal triggers/external triggers extracted from
SCT, reflecting on past successes, negative examples, and verbal
persuasion extracted from SET, looking for role models, health
education, and grouping extracted from TPB were integrated to
organize the app front-stage and the portal site. The relational logic
among the model constructs, intervention strategies, app layout,
and function are presented in Table 1. The final ‘Breast Care’
included five main pages: ‘Homepage,’ ‘Exercise,’ ‘Calendar,’ ‘Chats,’
and ‘My Profile.’ Meanwhile, it covered functions including infor-
mation browsing, PA monitoring and behavioral feedback, symp-
tom reporting, and social interaction. Guided by the agile
development model, an app system based on the Android platform
was developed after testing the beta version of the user interface,
icons, and functions. Screenshots of the client side and portal sites
are shown in Appendix A. A usability test has been conducted to
ensure the app is acceptable and feasible [24].

2.2.1.3. The implementation of the joint app-based and SMS-based
tailored PA intervention. After the first baseline investigation at
the hospital, participants were labeled as sedentary or active life-
style persons according to the initial evaluation results of the In-
ternational Physical Activity Questionnaire (IPAQ) [24]. The
recommended daily step goal for active group participants was
6,000 steps supported by guidelines for PA for Chinese people [26]
if the baseline IPAQ was over 540 metabolic equivalent task-min/
week (MET-min/week). For sedentary group participants, the rec-
ommended daily step goal was 3,000 steps if the baseline IPAQ was
less than 540 MET-min/week, and we set a relatively low target in
case their enthusiasm is undermined; the whole principle for them
is “Being active is beneficial, more activity is better, exercise in
moderation, persistence is key.” When participants completed the
targeted steps in the previous course of chemotherapy, 1,000 more
steps were recommended. The goal of daily steps could be
increased to 10,000 steps over three months. Also, on the day of the
first cycle of chemotherapy, short messages with tailored PA rec-
ommendations were sent notifying the time, intensity, and fre-
quency of PA interventions. Suggestions were also made to remind
the participants to read the information on the app, covering the
benefits of PA, dietary precautions, and rest.

From the 2nd to the 21th day of each chemotherapy cycle,
participants were recommended to use the ‘Breast Care’ at home.
They could get the following professional support: 1) browsing
health-related information, including treatment information, PA-
related principles and recommendations, nutrition and diet, self-
image maintenance et al.; 2) monitoring their own PA perfor-
mance throughout the health recording at the ‘Exercise’module; 3)
reporting their disturbing symptoms with access to ‘self-evalua-
tion’ at ‘Homepage’ when necessary and 4) online communicating
with the peers at module of ‘Chats’. The above various flexible
intervention strategies were consistent with the theoretical
framework, including health education, improving self-efficacy, PA
behavior monitoring and feedback, and providing social support.
Notably, a push notification about an individual’s daily total steps
(identified through the gyroscope function inside the smartphone)
and a gap with goals were sent to their smartphone at 9:00 p.m.
each day to help monitor PA behaviors. Meanwhile, daily step
ranking, monthly and weekly mean steps, and the accumulative
distance of history were also displayed in the app to stimulate
enthusiasm for PA.

Except for PA self-management through the app in each cycle of
chemotherapy, tailored short messages were sent twice a week to
enhance compliance and strengthen the participants’ focus. Based
on users’ labels (sedentary or active) and the indication of user
behavior analysis on the portal site, tailored short messages were



Table 1
Overview of matching model constructs, intervention techniques, ‘Breast Care’ function and portal management section.

Model constructs/
theory

Intervention techniques ‘Breast Care’ function Main interfaces and portal management
section

Self-management
skills/SCT

Setting PA goals;
PA self-monitoring

Setting daily step goals;
Alarm clock reminder;
Demonstrating daily step completion rate;
Weather monitoring

Exercise;
Calendar

Self-efficacy/SCT Overcoming barriers;
Social interacting

Information support;
Chats (post, comment and share personal ideas)

Homepage;
Chats

Outcome expectancy/
SCT;

Cue to action/SCT;
Direct experience/SET

Internal triggers through identifying behavior
change;
Reflecting on past successes

Messages feedback through portal;
Short message sending

Portal management

Cue to action/SCT;
Indirect experience/

SET;
Norms/TPB

External triggers through encouragement;
Negative examples;
Looking for role models

Daily steps ranking;
Case sharing

Exercise

Verbal persuasion/SET Verbal persuasion Messages feedback through portal; Short message
sending

Chats & portal management

Attitudes/TPB Health education Tailored information delivering and searching Homepage
Norms/TPB Grouping Tailored information supporting and portal sending

messages
Portal management

Note: SCT ¼ social cognitive theory. PA ¼ physical activity. SET ¼ self-efficacy theory. TPB ¼ theory of planned behavior.
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delivered extracted from the following aspects during the three
months: 1) continuous information exposure about the recom-
mended frequency, intensity, and type of PA; 2) principles of
nutrition, sleeping and other possible disturbing symptom guid-
ance, and the above were also recommended to locate at the spe-
cific article at the ‘Knowledge base’ in ‘Breast Care’ and 3) summary
of one’s past PA performance with encouraging words. For SMS,
intervention strategies were attached to the theoretical model,
including overcoming barriers, reflecting on personal PA experi-
ences, and encouraging.

2.2.2. Control group
During the three months, breast cancer patients in the control

group received relevant fliers or booklets from local hospitals and
got standard care containing face-to-face health education when
they visited the hospital for chemotherapy every three weeks. On
the day of each cycle of chemotherapy back to the hospital, patients
were asked if they were experiencing any symptoms, and the
oncology nurse gave specific recommendations. Furthermore,
healthy lifestyle advice, including the benefits of regular PA
behavior, principles of PA, and suggestions about managing
treatment-related side effects and emotional issues, were also
delivered by the clinical nurses. Patients were encouraged to con-
sult the nurses for the rest of the days back home.

2.3. Instruments

The primary outcome was PA, the secondary outcomes were
mood status and QoL. The measurements of these variables are
listed below.

2.3.1. The International Physical Activity Questionnaire-short form
(IPAQ-SF)

PAwas measured using the short form (seven items) of the IPAQ
[27]. Test-retest reliability was acceptable, with 75% data showing
intraclass correlation coefficients above 0.65, and the comparison
results of the walking distance and pedometer measurements
showed good criterion validity for the original IPAQ-SF [27]. The
Chinese version of IPAQ-SF, translated by Qu et al. (2004) [28], in-
dicates a good test-retest reliability and validity with a correlation
coefficients 0.779, and the concordance rate between IPAQ-SF and
objective measurements of PA levels meeting the criteria reached
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71.8%. The intensities of PA were classified as walking, moderate
and vigorous intensity activities. According to the description of
different categorization in PA intensity at the introduction part of
the questionnaire, participants were guided to recall whether and
how long they engage in vigorous PA (like heavy lifting, digging,
aerobics, or fast bicycling), moderate PA (like carrying light loads,
bicycling at a regular pace, or doubles tennis) or walking during the
last 7 days. The final data of the IPAQ-SF are displayed in the form of
metabolic equivalent task-min/week (MET-min/week) for each in-
tensity (except for sedentary time).

2.3.2. Hospital Anxiety and Depression Scale (HADS)
The mood status of the participants was measured using the

HADS developed by Zigmond et al. in 1983 [29]. The HADS has two
subscales: anxiety and depression. Each subscale has seven Likert-
type items ranging from 0 to 3 points. Sun et al. (2017) [30] tested
the reliability and validity of the HADS in the Chinese population.
The Cronbach’s a coefficient for the anxiety and depression sub-
scales were 0.806 and 0.806, respectively. The intraclass correlation
coefficients (ICC) for test-retest reliability were 0.921 and 0.932.
The subscores of HADS exhibit a high correlation with the Self-
Rating Anxiety Scale (SAS) and the Self-Rating Depression Scale
(SDS), with correlation coefficients all above 0.55, indicating good
convergent validity. Exploratory factor analysis demonstrates good
structural validity of HADS. A global sum of 7 or less indicates no
psychological symptom tendency, 8e10 indicates suspected anxi-
ety or depression, and 11e21 indicates definite anxiety or depres-
sion. Higher scores indicate more severe psychological symptoms.

2.3.3. The Functional Assessment of Cancer Therapy-B (FACT-B)
The FACT-B is a 37-item forced-choice self-report instrument

that measures QoL [31]. The Chinese version of the FACT-B, trans-
lated by Wan et al. (2003) [32] is available for assessing the QoL of
patients with breast cancer in a specific Chinese population. The
scale can be divided into the general FACT and the breast cancer
subscales. The four domains of the general FACT scale are physical,
social, emotional, and functional well-being. Nine additional items
specific to the breast cancer module were also embedded. Each
item is rated on a 5-point Likert scale from 0 (not at all) to 4 (very
much). The total FACT-B score ranges from 0 to 144. Higher scores
indicate better QoL. The scale has good construct validity, with high
correlations between the scores of each domain and the overall
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quality of life scale (r values mostly above 0.65). Internal consis-
tency a for physical, psychological, emotional, and functional well-
being subscales, additional breast cancer subscale, and total FACT-B
scale are 0.84, 0.84, 0.79, 0.83, and 0.61, respectively. Test-retest
reliability for the above five subscales and total scale is 0.82, 0.85,
0.85, 0.85, 0.86, and 0.89, respectively [32].

2.4. Data collection

Participants in the intervention and control groups were intro-
duced to the study purpose and were explained by the research
team to complete the questionnaire at baseline and end of the
study (pre- and post-intervention). Data collection in two hospitals
were responsible by Z. Geng (Shanghai and Hangzhou), L. Cai
(Hangzhou) and X. Li (Shanghai). All surveys were distributed and
retrieved when patients came to the hospital for chemotherapy.
The questionnaire could be finished in 10 min. To ensure the
completeness of the questionnaire, the research assistants helped
to address the doubts patients asked and double-check the
completeness of every response. Due to the COVID-19 pandemic,
individuals who were not convenient finishing face-to-face in-
vestigations were surveyed by telephone instead.

2.5. Data analysis

This study used SPSS 21.0 (IBM Corporation, Armonk, NY, USA)
for data analysis. The Kolmogorov-Smirnov test was used to assess
the normality of the data distribution. Continuous variables nor-
mally distributed were expressed as mean and standard deviation,
while those not normally distributed were presented as medians.
Categorical variables were presented as the frequency and per-
centage. Data comparison about the patients’ characteristics, pri-
mary outcome, and secondary outcomes between the control
group and intervention group was performed using the indepen-
dent sample t-test for normally distributed data, the Mann-
Whitney U test for non-normally distributed data, and the
Fisher’s exact test and chi-square test for categorical variables.
Differences in variables before and after intervention were exam-
ined using paired t-test for normally distributed data and the
Wilcoxon signed-rank test for non-normally distributed data.
P < 0.05 was considered to indicate statistical significance.

2.6. Ethics considerations

This project was approved by the Medical Ethics Committee of
Fudan University Shanghai cancer center (No.1810192e22). All
participants gave informed consent before participantion.

3. Results

3.1. Participant characteristics

The 60 patients included in the study comprised 30 in the
control group and 30 in the intervention group. The demographic
data and disease information of participants in each group are
shown in Table 2. The characteristics between the two groups were
not statistically different (P > 0.05), which indicated that the two
groups were comparable.

3.2. Primary outcome: physical activity

No significant differences existed between the intervention and
control group in every dimension or overall PA at baseline
(P > 0.05). After three months, the intensity of walking and mod-
erate PA showed the improvement in the intervention group
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compared with the control group (P � 0.001). Accordingly, the
overall PA demonstrated the same positive change in the inter-
vention group (P < 0.001), with walking being the most common
(P < 0.001). In the control group, after three months, the amount of
MET-min/week during walking, moderate PA, and total PA declined
(P < 0.001, P ¼ 0.003 and P < 0.001, respectively). In the interven-
tion group, the number of MET-min/week during walking and total
PA increased (P ¼ 0.011 and P ¼ 0.002). (Table 3).

3.3. Secondary outcomes: mood status and quality of life

Notably, no statistically significant difference was observed be-
tween the two groups at baseline (P > 0.05). Anxiety, physical well-
being, emotional well-being, breast-specific well-being, and the
total QoL score were differed between the two groups after the
intervention (P < 0.05). In addition, depression worsened after
three months in the control group (P ¼ 0.001). Physical well-being,
social well-being, emotional well-being, functional well-being,
breast-specific well-being, and total QoL score all showed nega-
tive trends in the control group (P < 0.05). A positive trend in the
physical well-being of the QoL was observed in the intervention
group (P ¼ 0.039), though social well-being decreased in the
intervention group (P ¼ 0.012). (Table 4).

4. Discussion

The results of this study indicated that the theory-based tailored
mHealth PA intervention could enhance PA behavior, relieve anxi-
ety, and improve QoL during chemotherapy. After three months, as
illustrated by the PA comparison between the two groups, the
overall PA was mainly reflected in walking, and moderate PA
demonstrated a significant increase. Meanwhile, we found a
decreasing MET-min/week of PA in the control group, which is
understandable when patients in the chemotherapy course cannot
participate in work normally or are not allowed to engage in high-
intensity PA for safety considerations by their doctors or family
members. The present study’s findings are similar to previous
studies conducted in South Korea [33] and the USA [34], where
weekly PA behaviors were confirmed to increase significantly after
mHealth interventions. Specifically, the 12-week home-based
program of aerobic and resistance exercises delivered by smart
app and pedometer showed that the mean total PA of patients with
breast cancer significantly increased from 2,050.6 to 3,026.9 MET-
min/w [33]. Data from the USA also indicated a noteworthy
improvement, with a mean change of 545 MET-min/week in
moderate PA [34]. Overall, the results of these two studies
demonstrated a higher increase in PA behavior than in the present
study. However, it revealed a positive influence on participants’
cognition and behavior. Although PA might have numerous bene-
ficial effects during the intervention period, a reduction in long-
term PA effects is natural. As reported in one study, the percent-
age of patients meeting PA guideline recommendations was 34.0%,
39.5%, and 21.4% after 1-year, 5-year, and 10-year follow-ups,
respectively [35]. More challenges exist in sustaining behavioral
change beyond six months or more, which is usually the selection
of intervention duration. Overall, mHealth interventions that rely
on mobile and remote devices are an excellent choice for pro-
longing the effects of PA and reaching larger populations.

The effectiveness of intervention strategies derived from the
integrated theoretical framework was verified in this mobile PA
intervention, which has previously been proposed in many non-
cancer studies [36,37]. The current study extends the promise of
the theoretical base in promoting health behavior change in
mHealth settings. This leads to considering multiple determinants
and strategies to improve the effectiveness and adherence to



Table 2
Comparison of the baseline characteristics between the two groups.

Characteristic Intervention group (n ¼ 30) Control group (n ¼ 30) Z/t/c2 P

Age (years) 52.50 (45.75, 59.00) 57.50 (44.50, 62.25) �1.155 a 0.248
BMI (kg/m2) 23.65 ± 3.64 22.79 ± 2.61 1.052 b 0.297
Marital status
Married 28 (93.3) 25 (83.3) e 0.424 c

Divorced/unmarried 2 (6.7) 5 (16.7)
Job status
Employed 21 (70.0) 16 (53.3) 1.763 d 0.184
Retied/unemployed 9 (30.0) 14 (46.7)

Education level 2.593 c 0.501
Primary school 2 (6.7) 3 (10.0)
Middle school 11 (36.7) 6 (20.0)
High school 10 (33.3) 10 (33.3)
College or above 7 (23.3) 11 (36.7)

Family monthly income (RMB) 1.365 c 0.529
1,000e3,000 4 (13.4) 2 (6.7)
3,001e5,000 13 (43.3) 11 (36.7)
>5,000 13 (43.3) 17 (56.6)

Disease stage e 0.671 c

Stage I-III 26 (86.7) 28 (93.3)
Stage IV 4 (13.3) 2 (6.7)

Surgery 0.073 d 0.787
Yes 20 (66.7) 19 (63.3)
No 10 (33.3) 11 (36.7)

Chronic disease e 1.000 c

Yes 2 (6.7) 3 (10.0)
No 28 (93.3) 27 (90.0)

Note: Data are Median (P25, P75), n (%) and Mean ± SD. a Mann-Whitney U test; b Independent sample t-test; c Fisher’s exact test; d Chi-square test.

Table 3
Physical activity behavior change pre- and post-intervention in two groups (MET-min/w).

Variables Baseline Post-intervention Z P

Walking
Intervention group (n ¼ 30) 643.50 (255.75, 1,423.13) 1815.00 (773.25, 2697.75) �2.540 0.011
Control group (n ¼ 30) 544.50 (284.63, 853.88) 222.75 (148.50, 346.50) �3.519 <0.001
Z �0.556 �5.648
P 0.578 <0.001

Moderate PA
Intervention group (n ¼ 30) 0.00 (0.00, 0.00) 0.00 (0.00, 165.00) �1.154 0.249
Control group (n ¼ 30) 0.00 (0.00, 360.00) 0.00 (0.00, 0.00) �2.938 0.003
Z �1.655 �3.416
P 0.098 0.001

Vigorous PA
Intervention group (n ¼ 30) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) �0.447 0.655
Control group (n ¼ 30) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) �1.000 0.317
Z �0.024 �1.000
P 0.981 0.317

Overall PA
Intervention group (n ¼ 30) 841.50 (280.50, 1,590.38) 1994.00 (795.75, 2,817.00) �3.051 0.002
Control group (n ¼ 30) 685.50 (445.50, 1,386.00) 222.75 (148.50, 346.50) �4.290 <0.001
Z �0.044 �5.654
P 0.965 <0.001

Note: Data are Median (P25, P75). PA ¼ physical activity. The comparison between two groups were examined by Mann-Whitney U test and changes within each group were
examined by Wilcoxon signed-rank test.
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mHealth interventions. The convergence of three theoretically
diverse intervention strategies has proven instrumental in fostering
behavior change by enhancing participants’ awareness, thereby
exerting a critical influence on their actions. The constructs derived
from the theories interpret the point-by-point linking of behavioral
intervention techniques to mobile smartphone functions. This new
deliverymodel provides flexible interventions by setting goals, self-
monitoring, behavior feedback, improving self-efficacy, over-
coming barriers, etc. SMS feedbacks based on portal monitoring
and daily step-gap reminders were vital in directly motivating
users’ PA actions. It met participants’ preferences in receiving dig-
ital health intervention, as Phillips et al. (2019) [38] and Nielsen
(2020) [39] reported that progress feedback, motivation, and
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reminder messages ranked as the first three interests of breast
cancer survivors. Similarly, a recent systematic review [40] pointed
out that personalization or tailoring the content of mHealth apps to
the individual needs of users is a key factor in cancer self-
management projects. Our findings provide clear clues for devel-
oping new apps to promote health behaviors or optimize current
apps in the market for high acceptability and efficiency.

For secondary outcomes, emotional benefits were identified
through the mHealth intervention by published articles that indi-
cated the effects of relieving anxiety [41]. One possible reason that
online interaction and personalized support work well, especially
in clarifying uncertainty about the disease, providing a way to ex-
press emotions, and enhancing confidence in overcoming



Table 4
Depression, anxiety, and quality of life change from baseline to post-intervention of patients in two groups.

Variables Baseline Post-intervention Z/t P

Depression
Intervention group (n ¼ 30) 4.50 (1.00, 8.00) 6.00 (4.00, 8.00) �1.846 0.065
Control group (n ¼ 30) 1.00 (0.00, 6.25) 8.00 (2.75, 9.25) �3.207 0.001
Z �1.694 �0.884
P 0.090 0.377

Anxiety
Intervention group (n ¼ 30) 5.50 (4.75, 8.00) 5.50 (4.00, 7.25) �0.278 0.781
Control group (n ¼ 30) 5.00 (2.00, 9.00) 8.50 (5.75, 10.00) �1.954 0.051
Z �0.989 �2.102
P 0.323 0.036

Physical well-being of QoL
Intervention group (n ¼ 30) 20.00 (19.00, 21.00) 23.00 (19.75, 25.00) �2.059 0.039
Control group (n ¼ 30) 21.00 (19.00, 23.25) 15.00 (11.00, 21.00) �4.424 <0.001
Z �1.210 �3.973
P 0.226 <0.001

Social well-being of QoL
Intervention group (n ¼ 30) 21.50 (18.00, 23.25) 18.00 (14.75, 22.00) �2.520 0.012
Control group (n ¼ 30) 23.00 (18.75, 24.00) 19.00 (17.00, 22.00) �2.467 0.014
Z �1.354 �1.301
P 0.176 0.193

Emotional well-being of QoL
Intervention group (n ¼ 30) 18.00 (15.00, 20.00) 18.00 (16.00, 20.00) �0.704 0.481
Control group (n ¼ 30) 18.00 (12.75, 20.00) 12.00 (10.00, 16.00) �3.280 0.001
Z �0.826 �4.652
P 0.409 <0.001

Functional well-being of QoL
Intervention group (n ¼ 30) 14.00 (9.00, 19.00) 13.50 (8.50, 18.50) �0.660 0.509
Control group (n ¼ 30) 16.50 (15.00, 18.00) 12.50 (12.00, 16.25) �3.023 0.003
Z �1.759 �0.134
P 0.079 0.894

Breast specific well-being of QoL
Intervention group (n ¼ 30) 25.50 (22.00, 27.25) 24.00 (20.00, 26.00) �1.775 0.076
Control group (n ¼ 30) 24.50 (20.00, 26.25) 20.50 (13.00, 24.25) �2.682 0.007
Z �0.943 �2.121
P 0.346 0.034

Total score of QoL
Intervention group (n ¼ 30) 96.90 ± 13.24 93.20 ± 16.82 1.203 0.239
Control group (n ¼ 30) 99.47 ± 10.82 81.03 ± 15.35 �6.087 <0.001
t �0.822 2.927
P 0.414 0.005

Note: Data are Median (P25, P75) or Mean ± SD. QoL ¼ quality of life.
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difficulties and pushing oneself to be active, connecting with peo-
ple, feeling control in their daily life, and having access to talk about
their experiences with peers and patients’ achievements despite
being sick empowered users to pursue hope and happiness. Con-
cerning QoL, our findings verified the positive influence of the
mHealth intervention on the physical, emotional, and breast-
specific well-being of QoL, which researchers expected. However,
we did not find active changes in the social and functional well-
being of QoL between the two groups, although we emphasized
the establishment of an interaction platform with theoretical con-
siderations. As most studies have reported, the social function in
mobile apps is deemed a motivational strategy, having great value
in shaping the sense of membership and belonging to a group [42].
In the present study, a limited user group in the online community
seems to have not yet cultivated such influence.

Further research should be conducted to determine how to fuse
chats in professional applications with existing social communi-
cation paths to improve social well-being. The negative findings on
the functional well-being of QoL after intervention may be attrib-
uted to the inevitable impact of treatment-related symptoms; more
targeted measures should be considered to help control the dis-
turbing symptoms and improve functional capability and inde-
pendence. Overall, evidence of PA’s benefits on QoL was optimistic,
supported by considerable evidence [43]. However, it is important
to note that points of contention must also be addressed. Some
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studies have failed to find a statistically significant influence of the
conventional intervention approach [43]. A previous study
measuring the effectiveness of an exercise intervention during
adjuvant chemotherapy implied that QoL returned to baseline
levels at the 6-month endpoint [44]. Thus, more evidence is needed
in the mHealth field to test whether delivering new PA care plans
improves long-term QoL.
5. Limitations

Our study has some limitations that must be considered. First,
affected by the COVID-19 pandemic, recruitment lasted longer than
expected, and the sample size was not sufficiently large, which
might limit some pronounced findings on PA behavior. Second, PA
measurement lacked a more objective gauging method. Although
most smartphones support recording participants’ daily steps if
they authorize access to our ‘Breast Care’ app, the accuracy of
embedded steps tracking is still questionable [45]. Diverse brands
of mobile phones vary in their health behavior recording algo-
rithms. Therefore, data collection methods based on accelerome-
ters, pedometers, or other wearable devices should be considered
to reinforce the accuracy and reliability of step tracking [46]. In
addition, we failed to randomly assign the participants, which may
undermine the credibility of the outcomes, and the post-test of the
intervention was conducted only once, so the long-term effects of
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the mHealth PA intervention have not been verified. Third, the
participation of users in ‘Chats’ and the utilization of the self-
assessment module of the ‘Breast Care’ app were less than ex-
pected. One reason might be that participants prefer sharing per-
sonal feelings on other mature social media platforms (such as
WeChat or Weibo) and are not accustomed to answering online
questionnaires because of privacy considerations. In the future,
these two app functions should be thoroughly evaluated and
updated to increase participation and recognition.

6. Conclusion

This study established a theory-based tailored mHealth inter-
vention to help women with breast cancer cope with cancer,
depending on a personalized and professional information plat-
form. The empirical results proved the potential benefits of
enhancing PA behavior, relieving anxiety, and improving QoL. The
results could inform other studies adopting the mHealth inter-
vention model to appropriately utilize the theoretical framework
and add to the literature on health behavior change based on
mHealth interventions.
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