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Breast cancer-related lymphedema (BCRL) adversely affects the daily performance and quality of life
(Qol) in affected patients. This study aimed to determine the Impact of a self-management mobile
application on quality of life and limb circumference in women with BCRL. This randomized clinical
trial was conducted on 180 patients with BCRL in Shiraz, Iran, from May 2023 to January 2024.

The participants were randomly assigned to the intervention (n=90) and control (n=90) groups.

The control group received the normal treatments at the lymph clinic. In addition to the usual clinic
treatments, the intervention group had access to a mobile application for 3 months. The primary
outcomes were QoL, assessed using the Lymphedema Life Impact Scale (LLIS), and the difference in
arm circumference, measured using a standard tape. After the intervention, the mean (SD) LLIS score
in the intervention group was 29.1 (10.7), which was significantly lower than the control group with
39.3 (15.5). This difference was statistically significant (p <0.001), indicating a substantial improvement
in QoL in the intervention group compared to the control group. Additionally, the intervention group
showed a lower mean (SD) arm circumference difference of 2.18 (1.4) compared to the control group
with 3.78 (2.6). This result also was statistically significant (p <0.001). Therefore, we recommend using
the application to support self-management among women with BCRL.

Keywords Breast cancer, Lymphedema, Lymphedema management, Self-management, Mobile applications,
Smartphone

Abbreviations

BCRL  Breast cancer-related lymphedema

CDT Complex decongestive therapy

SPSS Statistical package for the social sciences

QoL Quality of life

LLIS Lymphedema life impact scale

BMI Body mass index

RCT Randomized clinical trial

QUIS Questionnaire for user interaction satisfaction

Over the past decade, tremendous advances in the diagnosis and treatment of breast cancer have dramatically
improved patient survival!. However, the disease and its treatments have unique challenges for breast cancer
survivors?. Among these, breast cancer-related lymphedema (BCRL) is considered a critical chronic complication
that leads to various physical, emotional, and functional impairments® which can significantly affect the quality
of life (QoL)*. The reported prevalence of BCRL varies across regions and studies, depending on diagnostic
methods and population characteristics®. It is estimated that approximately 20-30% of women eventually develop
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BCRL after treatment for breast cancer®. A recent study reported a prevalence of approximately 30% in low- and
middle-income countries®. Furthermore, a cross-sectional study in China found an alarming prevalence of
49%’. Recent estimates indicate that the prevalence of BCRL in Iran ranges from 4 to 21%?%.

It should be recognized that the high prevalence of BCRL reflects a serious impact on womens QoL,
encompassing physical, emotional, and social dimensions’. Women with BCRL often experience decreased QoL
due to physical limitations, discomfort, and psychological distress'. This deterioration is primarily caused by
impaired mobility, swelling, and persistent emotional strain!!. Research suggests that interventions adressing
both physical symptoms and emotional needs can lead to significant improvements in the QoL of individuals
with BCRL!>13, Therefore, effective long-term management is crucial for preventing lymphedema progression'*.
Nevertheless, access to specialized lymphedema care remains limited in some regions, due to a shortage of
trained professionals and dedicated clinics'®. This gap underscores the self-management strategies that empower
patients to take an active role in their care!?,

Evidence suggests that supporting self-management behaviors is essential for optimal lymphedema control
and improved QoL!®. Self-management is a fundamental component of lymphedema care, requiring lifelong
commitment to prevent disease progression'®. However, adherence to self-management practices is generally
poor among patients with BCRL and often declines over time!”. Multidimensional factors encompassing clinical,
psychological, technological, and socioeconomic aspects, frequently hinder optimal self-management!'8-%.
Studies have identified barriers such as high treatment costs, limited access to care, insufficient patient education,
and lack of ongoing support'>!131°, For example, although structured exercise programs are proven to improve
BCRL outcomes, their real-world implementation is often constrained by limited resources and patient-specific
challenges?!.

To address these challenges, various self-management strategies have been investigated, with several studies
assessing the effectiveness of educational interventions in improving lymphedema-related outcomes. While these
studies indicate that self-management techniques can reduce edema volume and improve QoL, their conclusions
are limited by notable methodological shortcomings. Many lacked control groups or involved small sample sizes,
undermining the strength and generalizability of their findings. Furthermore, reliance on traditional educational
tools, such as booklets, often fails to ensure long-term engagement or provide real-time feedback. Moreover,
QoL in these studies was frequently assessed using generic instruments that may not fully capture the specific
physical and psychosocial burdens of BCRL. Therefore, there remains an urgent need for approaches that offer
sustained support and interactive feedback to promote consistent adherence to self-management practices??~24,

Within this context, m-health technologies offer novel opportunities to enabe caregivers to remotely monitor
patients, provide educational resources, and facilitate communication between patients and healthcare teams?>.
M-health interventions, particularly mobile applications, are accessible and scalable, granting patients immediate
access to education, support, and monitoring tools?®. Given the crucial role of self-management in lymphedema
care, these technologies hold considerable promise. However, there is a notable paucity of randomized controlled
trials (RCT) evaluating the efficacy of mobile applications in managing BCRL?. Most existing studies are
qualitative?® or quasi-experimental?® and lack control groups®, highlighting the need for robust RCTs. While
some research has examined the impact of these applications on patient-centered outcomes such as sexual life,
body image?’, and lymphedema symptoms?’, their effects on overall QoL and lymphedema volume have not
been explored in depth. Moreover, the applications assessed in previous studies frequently lack nurse support
for continuous monitoring and personalized care. They also often fail to incorporate education based on the
key principles of complex decongestive therapy (CDT), the gold standard of lymphedema management™®.
Furthermore, they frequently do not address important features such as feedback systems, peer support tools,
adherence reminders, and progress tracking?*28-2%31:32,

Despite the critical role of self-management inlymphedema care, there remainsalack of accessible, multifaceted,
and nurse-supported digital tools that meet patients’ long-term needs, particularly in resource-limited settings.
While lymphedema self-care is essential, many patients struggle to translate clinical recommendations into daily
practice. Current interventions often lack interactivity, personalization, and integration of professional support,
which are keys for sustained adherence and behavior change. Given the existing gap in evidence regarding
holistic, patient-centered, and technology-based interventions for lymphedema and QoL enhancement, we
intended to address these research needs. To this end, we conducted a RCT to determine the effectiveness of
a newly developed self-management mobile application with established usability in patients with BCRL. The
application provides continuous nurse support, peer support, and patient empowerment through individualized
goal-setting. It also includes reminders, feedback functionalities, symptom tracking, and visualization of edema
progression to facilitate patient compliance and sustained engagement in treatment. To obtain precise and
condition-specific measurements, the study utilized the Lymphedema Life Impact Scale (LLIS), a validated
tool designed to assess the experiences and challenges of patients with BCRL. Accordingly, this study aimed to
determine the impact of a self-management mobile application on QoL and limb circumference in women with
BCRL.

Methods

Design and participants

From June to November 2023, this RCT with a controlled pre/post-test design was conducted on 180 women
referred to a lymphatic clinic affiliated with Shiraz University of Medical Sciences in Shiraz, Iran. This study
hypothesized that the self-management mobile application would improve both QoL and limb circumference
outcomes in women with BCRL at a three month follow up. Based on a previous single group pre-post study by
Liang et al.?%, the mean (SD) scores for the general health domain of QoL were 56.64 (21.09) before and 62.93
(22.60) after the intervention. Therefore, the sample size calculation was based on the paired sample t-test. With
a significance level of 5% and a power of 80%, the minimum required sample size was calculated using G*Power
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version 3.1 and found to be 77 participants. To accommodate an anticipated attrition rate of 15%, the sample size
was increased to 90 participants per group for this randomized controlled trial.

Inclusion criteria included women aged 18 years or older who were willing to participate in the study, had no
psychiatric disorders, underwent breast cancer surgery with axillary lymph node dissection, and were at least six
months post-surgery. Additional criteria included no neuromuscular disease affecting the hand or arm, having
a minimum difference in arm circumference of two centimeters, not suffering from cardiac and renal diseases,
owning a smartphone with either an Android or iOS, and the ability to use the smartphone for educational
purposes. Exclusion criteria included active malignancy, recurrence of breast cancer, refusal to continue
participation, receipt of chemotherapy or radiation therapy, participation in other educational programs related
to lymphedema management during the study period, and failure to complete the study instruments.

Finally, a total of 180 eligible women were selected based on the inclusion and exclusion criteria. Participants
were then randomly assigned in a 1:1 ratio to either the intervention group (n=90) or the control group (n=90)
using block randomization with a block size of 4, generated by Random Allocation Software (version 2.0). The
allocation sequence was concealed in opaque, sequentially numbered envelopes, which were opened by a blinded
research assistant upon enrollment. At the end of the study, four individuals in the control group were excluded
due to their unwillingness to participate in the post-test, following the per-protocol analysis approach. This led
to a final sample size of 90 participants in the intervention group and 86 in the control group. Figure 1 shows the
CONSORT diagram, illustrating the selection process and exclusions.

CONSORT flow diagram

Assessed for eligibility (n= 265)

Enrollment

] Excluded (n=85)
+ Arm circumference < 2 cm (n= 60)

+ Unwillingness to participate (n= 5)
¢ Lack of an Android or IOS phone
(n=5)

+ llliteracy (n=5)

+ Undergoing breast cancer surgery
less than six months prior (n= 10)

A 4

Randomized (n=180)

v

A 4 \4
Allocated to intervention (n=90) Allocation Allocated to control (n=90)
+ Received allocated intervention (n=90) + Received allocated intervention (n=90)
+ Did not receive the allocated intervention + Did not receive the allocated intervention
(give reasons) (n= 0) (give reasons) (n=0)
v [ Follow-Up ] v
A J
Lost to follow-up (give reasons) (n=0) Lost to follow-up (give reasons) (n=4)
Discontinued intervention (give reasons) (n=0)
v [ Analysis ] v
. J
Analysed (n=90) Analysed (n=86)
+ Excluded from analysis (give reasons) (n=0) + Excluded from analysis (give reasons) (n=0)

Fig. 1. CONSORT flow diagram.
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Intervention

In this study, the control group received standard lymph clinic care, which included regular consultations
with a lymph therapist, measurement of arm circumference, decongestive treatments provided by the clinic’s
physiotherapist, and provision of an educational booklet.

In addition to standard lymph clinic care, the intervention group received access to the “lymphedema self-
management application” for three months. The application was conceptualized and designed in 2023 by the
research team at Shiraz University of Medical Sciences, who were responsible for developing all educational
content and defining the functional modules. In order to design the application, the content was initially
developed based on clinical guidelines for CDT, expert consensus, and a comprehensive review of relevant
scientific literature on patient self-care, lymphedema management, and existing digital health tools. A
multidisciplinary expert panel reviewed and approved the content and structure, ensuring clinical and scientific
accuracy. Following content finalization, software coding and technical implementation were outsourced under
a contractual agreement to Aria Part E-commerce Company, which handled the programming of the application
using Java for both Android and iOS platforms.

Upon launching the application, users are presented with a welcome message, an introduction, and a section
for entering personal information. This is followed by access to the main menu, which includes the application’s
modules. The application consists of ten interactive modules designed to assist patients in managing their
condition, with guidance provided by nurses. Specifically, the “lymphedema reduction skills” module features
four educational videos on massage, self-bandaging, exercises, and skin care, each followed by a confirmation
button (“I did the activity”). Moreover, the “arm circumference measurement” module instructs users on how to
measure arm circumference and record their data over time. The “lymphedema information” module provides
explanatory videos about the lymphatic system, symptoms, and risk management strategies. In addition, the “ask
from the nurse” module enables users to submit questions and receive responses within 72 h, while the “online
self-help group” module supports peer interaction and is facilitated by a nurse. The “lymphedema diary” allows
patients to track their self-care activities, set goals, and visualize trends in exercise frequency, arm circumference,
and mood. Through the “calendar” module, users receive twice-weekly reminders to perform their self-care
tasks. At the end of the intervention period, the “application survey” module collects user feedback through ten
structured questions. Finally, the “online exam” module reinforces learning by delivering monthly quizzes with
multiple-choice questions, along with explanations about the correct answers. Each module includes a help icon
for user guidance, and nurses have access to user data to monitor progress and provide personalized feedback.

The finalized version of the application underwent usability testing in a previous study involving 87 patients
with BCRL. Usability was assessed using the Questionnaire for User Interaction Satisfaction (QUIS), version 5.5.
Results showed that the overall usability mean score was 7.7 (1.0) out of 9, indicating a high level of usability.
The highest-rated domain was screen layout, with a mean (SD) of 8.0 (1.0), while the lowest-rated domain
was terminology and system information, with a mean (SD) of 7.3 (1.6). Within this domain, the lowest mean
scores were observed for items related to error messages and task-related terminology, with mean (SD) values
of 6.7 (2.1) and 6.9 (2.0), respectively. Notably, all usability dimensions scored above 7, reflecting consistently
positive evaluations across all areas. No significant differences in usability scores were observed based on age,
marital status, or type of surgery. However, urban residents rated the screen layout significantly higher than rural
residents, with mean (SD) scores of 8.1 (1.0) and 7.8 (0.7), respectively (P=0.025). Furthermore, participants
with academic education reported significantly higher total usability scores [mean (SD): 8.2 (0.6)] compared to
those with primary [mean (SD):7.4 (1.0)] or secondary education [mean (SD): 7.5 (1.2) (P=0.010 and P=0.005,
respectively)®. These findings support the application’s suitability for diverse patient populations.

It is worth noting that Research Ethics Committee of Shiraz University of Medical Sciences has approved
using the application for women with BCRL. The application can be accessed via https://bcrlselfmanagemen
t.ir/, with required login credentials. Table 1 presents the modules and key features of the lymphedema self-
management application.

The results showed no significant difference between the two groups concerning the LLIS total score or its
dimensions before the intervention. After the intervention, the LLIS total score in both intervention (P=0.001)
and control (P=0.001) groups significantly reduced compared to before the intervention. After the intervention,
the total LLIS score and the scores of its three dimensions in the intervention group were significantly lower
than the control group (P=0.001). The effect sizes associated with the differences in LLIS scores between the
intervention and control groups following the intervention ranged from 0.657 to 0.780, indicating a moderate
to large effect size (Table 3).

The results showed no significant difference between the two groups in terms of the mean arm
circumference difference before the intervention (P=0.622). Nevertheless, the arm circumference difference
in both intervention (P=0.001) and control (P=0.001) groups significantly reduced compared to before the
intervention. Furthermore, the arm circumference difference of the intervention group was significantly lower
than the control group (P=0.001). The effect size associated with the difference in arm circumference between
the intervention and control groups following the intervention was 0.780, indicating a moderate to large effect
size (Table 3).

The application was installed on the smartphones of participants in the intervention group, and its use was
thoroughly explained. In addition, the researcher encouraged participants to contact her if they encountered any
problems or had any questions about the application.

Data collection

Demographic information, the Lymphedema Life Impact Scale (LLIS), and a standard tape measure to assess
arm circumference differences were used to collect study data. The primary outcomes were QoL, assessed using
the LLIS, and the difference in arm circumference, measured using a standard tape. All participants completed
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Modules Key features

Four educational videos on:

1. Self-bandaging (26 min)
Lymphedema reduction skills 2. Self-lymphatic massage (13 min)
3. Lymphatic exercises (4 min)

4. Skin care tips for BCRL (13 min)

) ) An educational video on lymphedema self-measurement (5 min)
Arms circumference difference measurement

Arm circumference difference recording form

Three educational videos on:

1. Lymphatic system and lymphatic dysfunction (4 min)
2. Lymphedema manifestations (3 min)

3. Lymphedema risk management (14 min)

Lymphedema information

Ask from the nurse A space for recording patients’ questions and providing responses within 72 h
Online self-help group A virtual peer support group held once a week at a scheduled time
Application survey Ten closed-ended questions designed to assess users’ opinions about the application

A dedicated page for documenting daily performance in self-management activities

A text box for setting self-management goals

A text box for documenting favorable events of the week

Lymphedema diary A video on the Simonton relaxation technique (3 min)

Three charts related to:

1. Frequency of performing complex decongestive therapy techniques
2. Changes in arm circumference difference

3. Changes in emotions

Calendar Specification for setting the day and time of reminder notifications with minimal clicks
Online exam Nine monthly multiple-choice questions with explanations based on educational videos content
Settings A place for updating username and password

Table 1. The lymphedema self-management application: modules and their key features.

Total (n=176) | Intervention (n=90) | Control (n=86) *
Variables n (%) n (%) n (%) P-value
Single 6(3.4) 2(22) 4(4.7)
Divorced 13(7.4) 7(7.8) 6(7)
Marital status 0.735*
Widowed 26 (14.8) 15 (16.7) 11(12.8)
Married 131 (74.4) 66 (73.4) 65 (75.7)
Primary 72 (40.9) 42 (46.7) 30 (34.9)
Educational level | Secondary 53 (30.1) 20(22.2) 33(38.4) 0.061*
Academic 51 (29) 28 (31.1) 23 (26.7)
Employed 29 (16.5) 15(16.7) 14 (16.3)
Occupation Housekeeping 126 (71.6) 65 (72.2) 61 (70.9) 0.943*
Retirement 21(11.9) 10 (11.1) 11 (12.8)
Modified radical mastectomy | 95 (54) 45 (50) 50 (58.1)
Type of surgery 0.279*
Breast conversation 81 (46) 45 (50) 36 (41.9)

Table 2. Comparison of qualitative demographic and clinical characteristics of the participants between the
intervention and control groups. *The p-values were derived from Pearson’s Chi-square test. “The control
group size reduced to 86 due to the exclusion of four participants who did not complete the post-test, following
the per-protocol analysis approach.

the LLIS at baseline and again three months post-intervention. Arm circumference measurements were also
recorded at each time point. In addition, at the fourth and eighth weeks post-intervention, the researcher
contacted participants in the intervention group to monitor their use of the application, identify any issues they
encountered, and encourage continued engagement with the application.

The demographic form included questions about age, body mass index (BMI), education level, marital status,
and occupation. It also asked about the type of surgery they had and the length of time between the surgery and
the onset of their lymphedema.

LLIS

The LLIS was developed by Weiss et al. (2015) at Missouri State University. This comprehensive instrument
specifically assesses the degree of impairment in QoL related to BCRL in three dimensions, which are physical,
psychosocial, and functional. The questionnaire consists of 18 items. The items are scored on a Likert scale from
1, indicating no impairment, to 5, indicating severe impairment. The physical dimension consists of eight items
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Group
Intervention | Control
n=90 n==86
Lymphedema life impact scale di i Evaluation time Mean |SD | Mean |SD | P-value (between-groups) | Cohen’s d effect size
Before intervention | 20.1 6.5 |20 6.6 | 0.967** 0.006
After intervention | 12.8 51 |17.6 7.2 | 0.001** 0.761
P-value (within-groups) 0.001* 0.001*
Before intervention | 9.1 4 9.1 4 0.962** 0.005
Psycho-social
After intervention | 6.2 3 8.7 4.5 10.001** 0.666
P-value (within-groups) 0.001* 0.174*
Before intervention | 15.4 4.6 |14.5 4.9 |0.234** 0.179
Functional
After intervention 10 3.7 |129 4.9 |0.001** 0.657
P-value (within-groups) 0.001* 0.001*
Before intervention | 44.6 12.7 | 43.7 13.8 | 0.665** 0.065
After intervention | 29.1 10.7 | 39.3 15.4 | 0.001** 0.767
P-value (within-groups) 0.001* 0.001*
Before intervention | 5.3 2.7 |55 2.6 | 0.622** 0.075
Arm circumference difference
After intervention | 2.2 14 |38 2.6 | 0.001** 0.780
P-value (within-groups) 0.001* 0.001*

Table 3. Within-group and between-group comparison of the quality of life and arm circumference difference
in the intervention and control group, before and after the intervention. *The p-values were derived from
paired t-test. **The p-values were derived from independent t-test. “The control group size reduced to 86

due to the exclusion of 4 participants who did not complete the post-test, following the per-protocol analysis
approach.

and is scored from 8 to 40. The psychosocial dimension consists of four items and is scored between 4 and 20.
The functional dimension has six items and this part scores between 6 and 30. The sum of the scores of all the 18
items is in the range of 18 to 90 and it makes up the total score. Also, a lower score on the instrument indicates
less impairment, whereas a higher score reflects greater impairment in quality of life.

Weiss et al. validated the questionnaire through a comprehensive evaluation including content, construct,
and criterion validity. Face validity was established by assessing the relevance of LLIS questions to patients’
lymphedema experience, supported by expert ratings. The overall content validity index for the LLIS was 0.94,
which indicates a strong consensus among experts that all questions were either relevant or highly relevant to
the problems faced by patients with lymphedema. Construct validity was also confirmed by Pearson’s correlation
between LLIS scores and lymphedema symptoms (r=0.706 to 0.830). In addition, each domain of the LLIS
showed significant correlations with the corresponding domains of the comparison instruments (P<0.001),
confirming the criterion validity of the LLIS. The reliability of the scale was confirmed by intraclass correlations
of the instrument dimensions with test-retest reliability ranging from 0.96 to 0.99. Cronbach’s alpha values for
internal consistency ranged from 0.84 to 0.92%*. For the Persian version of the instrument, Haghighat et al. used
a forward-backward translation procedure. They used confirmatory and exploratory factor analyses to confirm
its construct validity. The LLIS showed strong internal consistency, with Cronbach’s alpha of 0.96 for total score
and 0.87, 0.85, and 0.88 for physical, psychosocial, and functional dimensions, respectively. In addition, the
stability of the LLIS was estimated to be between 0.85 and 0.97 in a subgroup of 13 participants using the test-
retest method?>.

A standard tape measure

In this research, all circumference measurements were conducted using a flexible and non-elastic tape, typically
utilized to gauge lymphedema circumference in lymph clinics. Consequently, a uniform procedure for measuring
arm circumference was implemented, consistent with earlier studies’®*. Measurements were made on both
bare arms at the wrists and at 10, 20, 30, and 40 cm above the wrists. Participants were seated with their arms
supported on a table, their shoulders flexed forward by about 30°, and their elbows flexed by 45°. A pen was
utilized to mark the wrist and further measurement points at specified intervals from the wrist on the skin.
The researcher subsequently placed the tape measure around the arm at the predetermined locations, making
sure it was snug but not tight. She documented the circumference to the closest centimeter and maintained a
thorough log of the measurements, noting the date and measurement locations, on a designated form. Bilateral
arm measurements were documented to monitor changes in arm circumference during follow-up visits.

To assess tape measure reliability, the researcher and an assistant independently measured arm circumference
in the same 10 patients. The Pearson correlation coefficients were 0.97, 0.95, 0.97, 0.99 and 0.97 at the wrists and
at 10, 30 and 40 cm above the wrists, respectively (P=0.001). These results suggest a high level of reliability and
consistency in the measurements obtained using the tape measure.
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Data analysis

The data obtained in the research were analyzed by SPSS version 22 software (IBM Corp. Released 2013.
IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp). Data were analyzed using a per-
protocol approach. Participants with incomplete post-test data (n=4 in the control group) were excluded
from the final analysis. Based on the results of the Kolmogorov-Smirnov test, the data related to demographic
information, clinical variables, QoL, and arm circumference difference were assumed to be normally distributed,
so parametric tests were used. The Pearson’s Chi-square test used to assess differences in the frequency of
qualitative demographic and clinical variables between the two groups. Moreover, an independent sample t-test
was utilized to evaluate the quantitative variables of age, BMI, and the time interval between surgery and the
onset of lymphedema between the two groups. Furthermore, paired t-tests were conducted to compare pre- and
post-intervention QoL and arm circumference difference within each group, while an independent sample t-test
was used to compare these variables between the two groups. Cohen’s d effect size was calculated for between-
group changes. The effect sizes of 0.8, 0.5, and 0.2 were considered large, medium, and weak, respectively™.
P <0.05 was considered statistically significant.

Results

Among the 180 enrolled patients, 176 completed the study. The mean (SD) age of the participants in the
intervention group was 52.1 (10) years, and in the control group, it was 52.1 (8.5) years (P=0.997). The mean
(SD) BMI was 27.3 (3.5) for the intervention group and 27.2 (3.7) for the control group (P=0.821). Additionally,
the mean (SD) time interval between surgery and the onset of lymphedema was 18.9 (27.4) months for the
intervention group and 19.6 (31.2) months for the control group (P=0.874). No statistically significant
differences were observed between the intervention and control groups in terms of demographic and clinical
characteristics (Table 2).

Discussion

This RCT was designed to assess the effectiveness of a self-management mobile application on lymphedema
outcomes and QoL in women with BCRL. At the end of the intervention, there were significant improvements
in QoL and arm circumference in participants. Significant differences between groups after intervention, with
a high value of effect size, strengthen the clinical importance of the intervention. Although the lymphedema
volume and quality of life improved for both groups, the intervention group showed significantly better
improvement. Improvement in the control group indicated that the care provided in the clinic was effective. The
significant difference in post-test scores for QoL and arm circumference in the intervention group compared
with that of the control group, along with a large effect size, depicted that the intervention was significantly more
effective than clinic care alone. This finding also provides evidence for the clinical significance of the results.
Although in the control group, there were only moderate improvements regarding the severity of lymphedema,
the intervention group demonstrated significant reductions from severe to mild levels. This suggests that the
enhanced support and resources provided by the self-management application led to greater improvements.

These findings also agree with the available literature supporting that self-management interventions are
effective in lymphedema management. For instance, Liang et al. (2022) reported that an application-based
intervention was associated with significant lymphedema volume reductions®*. While Liang’s application
was limited to basic CDT modules, our intervention included added interactive features, namely real-time
feedback from healthcare professionals and access to an online peer support group. Therefore, self-management
interventions would seem to play a central role in enhancing BCRL management and subsequent alleviation
of lymphedema. The confirmation of the findings from existing literature further underlines the relevance and
applicability of the self-management mobile application in the context of managing the condition of lymphedema.

The findings of the present study indicated that, within three months after the intervention, the mobile-
based approach was significantly more effective than routine treatment in improving QoL and its dimensions.
These results confirm other studies, such as that concluded by Kaur et al. (2024), who mentioned that a mobile
application designed for survivors of breast cancer improved their QoL. It seems that the structured support in
the form of personalized education on the app, symptom tracking, and lifestyle recommendations helped the
patients significantly in managing their symptoms effectively®®. This suggests that such applications including
varied dimensions of interaction, education, lifestyle modification, and symptom tracking, have the potential to
enhance the recovery process in women after cancer treatment.

Importantly, both intervention and control groups experienced improvements in the physical and functional
dimensions of QoL after three months. However, the special note is the substantial improvement in the
psychosocial dimension among subjects in the intervention group compared to that of the control group. Our
findings corroborate the notion that effective lymphedema management is as important for psychological health
as it is for physical outcomes. This finding is supported by Jiakponna et al. (2024), who suggest that multimodal
approaches, particularly those incorporating psycho-social support, have a greater impact on managing
outcomes of chronic diseases*’. Features such as an online self-help group and direct interactions with nurses,
which our application integrated, might play a rather pivotal role in mitigating lymphedema’s psycho-social
burdens. While healthcare providers contributed essential medical guidance, the peer support provided practical
demonstrations, real-life strategies, and mutual encouragement from persons with similar experiences. Indeed,
studies have suggested that peer-led education and support, when combined with professional healthcare
guidance, turn into an effective model for delivering self-management strategies®!.

On the other hand, it is important to acknowledge that not all studies have reported consistently positive
results for mobile health interventions. For instance, Fu et al. did not find any clinically significant improvements
in QoL and lymphedema volume with their web-based application?’. This discrepancy may imply that the
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design and content are important factors affecting the effectiveness of a digital intervention. The application
developed by Fu et al. includes educational videos and guidelines about lymphedema management. whereas our
application has much more comprehensive features, including real-time feedback, tailored reminders, and access
to professional and peer support, likely account for the significant improvements observed compared to other
digital interventions. As Garcia et al. (2023) suggested the effectiveness of mobile health apps is maximized when
they incorporate interactive components that engage users in a meaningful way, deliver personalized content,
and give feedback??. These aspects likely enabled patients to implement appropriate lymphedema management
techniques to be more accurate and profound in these patients. It should also be noted that this effectiveness in
our study, was achieved without additional costs or the need for more frequent visits to the clinic than usual.
Hence, self-management strategies are critical as they empower patients to engage in daily care routines that
reduce swelling and maintain function, ultimately improving their QoL (13).

Strengths and limitations

The strengths of this study include the novelty of the design for the mobile application, encompassing
comprehensive patient care through education, behavioral support, and interactive elements. These features
of a holistic approach in the management of BCRL provide versatility in the application and effectiveness not
matched by conventional methods. The large sample size and random allocation of participants further give the
study great internal validity, ensuring that the findings are robust and statistically sound. Moreover, the cross-
platform compatibility of the application on both Android and iOS devices, with implemented secure personal
logins, also allows the app usage from a wide range while not compromising privacy and security standards.
These address major barriers of geographical distances and other time constraints that can be fostered for active
patient involvement in self-management practices.

Despite all these strengths, there are a few limitations in the present study. The sample was drawn from a
single treatment center, which may restrict the generalization of the findings. However, this center is a regional
referral hub for many cities, and this diversity enhances the results’ applicability to broader health settings.
Furthermore, the nature of the intervention itself meant that participant blinding was not possible, as it would
be immediately obvious who received the mobile application. While data collection, entry and analysis were
blinded as far as possible, the lack of participant-level blinding is a potential source of bias. Moreover, since the
intervention was delivered via a mobile application requiring internet access, its use was limited to participants
with smartphones and connectivity. Future versions could include offline capabilities to enhance accessibility in
low-connectivity settings. Further studies are needed to replicate these findings in diverse healthcare contexts to
support broader generalization.

Conclusion
The findings of this study prove that the lymphedema self-management educational intervention with a
smartphone-based intervention significantly improved lymphedema outcomes and QoL across all the dimensions
in patients following breast cancer surgery. This technology appears to offer great possibilities in the facilitation
of access to lymphedema management. Thus, these applications are suggested for use in lymphedema and breast
cancer clinics and during the pre-and post-operative periods for teaching on prevention and management of
BCRL. The results highlight the critical role of nurses in the provision of health services at the community level,
particularly in the management of chronic disease conditions like lymphedema. Therefore, it is recommended
that this nursing role be strengthened through the inclusion of educational content in the curriculum on
strategies for self-management, as well as in-service training, particularly for oncology nursing specialists.
Given the confirmed efficacy of this approach in improving lymphedema outcomes and QoL for women
with BCRL, it is recommended that similar interventions be integrated alongside in-person care in clinics,
particularly for individuals facing financial constraints or living in remote areas without easy access tospecialized
care. Future research should explore the long-term impacts of these interventions and examine their integration
into diverse healthcare settings. In addition, future versions of the application could include offline functionality
to improve accessibility for patients with limited internet access.
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