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Abstract

Background Breast cancer remains a major global health issue, with millions of cases diagnosed annually and limited
diagnostic and treatment options, particularly in developing countries. This study aimed to evaluate the quality of
breast cancer mobile health (m-health) applications using the Mobile Application Rating Scale (MARS) to guide
healthcare stakeholders and patients identify high-quality mobile health applications that meet their needs.

Methods A cross-sectional study was conducted in Mashhad, Iran, from February to July 2023, targeting breast
cancer apps. Relevant apps were identified through comprehensive searches in databases and app stores based on
predefined inclusion criteria. Four health information technology experts independently assessed the apps using
MARS and the Feature-based Application Rating Method (FARM), with discrepancies resolved through discussion
to ensure reliability. Data analysis included calculating mean scores, testing for data normality, and examining
correlations between MARS and FARM dimensions using Spearman’s correlation.

Results Of the 453 identified apps, 44 met the inclusion criteria. The average MARS and FARM score was 3.3 out

of 5, indicating moderate quality. The functionality dimension scored highest at 4.1, reflecting strong technical
performance; however, deficiencies in informational quality negatively impacted user trust and satisfaction. A strong
correlation (r=0.806) was observed between engagement and other quality dimensions, indicating variability in user
engagement across apps.

Conclusions While many breast cancer apps demonstrated high technical functionality, significant informational
gaps reduced user trust and satisfaction. This study underscores the need for regulatory standards to ensure reliable
content in breast cancer apps. Future app development should prioritize user engagement and informational quality
to better meet patient needs.
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Introduction
Breast cancer is a condition characterized by the uncon-
trolled proliferation of cells in the breast [1]. In 2020, the
World Health Organization (WHO) reported 2.3 mil-
lion women diagnosed with breast cancer and 685,000
fatalities worldwide [2]. Moreover, in 95% of the global
nations, Breast cancer ranks as the primary or second-
ary cause of cancer-related mortality among women [3].
It is also the most common cancer among women in both
developing and developed countries [4]. In 2023, the
National Center for Health Statistics projects 1,958,310
new cancer cases and 609,820 cancer fatalities in the
United States. In 2023, it is projected that there will be
43,700 fatalities from breast cancer in the United States,
comprising 43,170 women and 530 males [5]. An esti-
mated 60% of deaths worldwide attributed to breast can-
cer occur in economically developing countries such as
Brazil despite low incidence rates [6]. Although breast
cancer is predominantly diagnosed in women, it also
affects men, albeit at a much lower incidence. In 2023, an
estimated 530 men in the United States were projected to
die from breast cancer, highlighting the need for aware-
ness and resources tailored to male patients. Despite its
rarity, male breast cancer presents unique challenges,
including delayed diagnosis and limited access to tar-
geted educational materials and support systems [5].
Familiarity with the prevalent symptoms of breast
cancer may facilitate early diagnosis. A new lump in the
breast or underarm, thickening or swelling of a portion of
the breast, irritation or dimpling of breast skin, redness
or flaking in the nipple area or breast, retraction of the
nipple, or pain in the nipple region are some symptoms
of breast cancer [7]. Although hormone usage, alcohol
intake, and obesity are recognized risk factors for breast
cancer, their contribution to the overall risk of developing
the disease is moderate compared to major determinants
such as genetic predisposition and age [8]. Breast can-
cer is treated using many methods, contingent upon the
specific type of breast cancer and its extent of metastasis.
Despite the multitude of treatment modalities, the insuf-
ficient understanding among patients regarding innova-
tive technology for identifying suitable treatment options
results in adverse outcomes, including mortality [9].
Currently, the smartphone is the most prevalent educa-
tional technology globally. Its widespread use and diverse
functionalities have led to its adoption in the healthcare
sector under the M-health designation [10]. This scoping
review on mobile health apps for breast cancer care can
be cited when discussing the role of mobile technology
in breast cancer self-care and the increasing availability
of such apps [11]. M-health is a branch of health care that
uses Internet, digital, and mobile technologies to improve
health or treat specific medical conditions [12]. A 2021
IQVIA analysis indicates an increasing quantity of digital
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healthcare applications, with over 350,000 apps about
health, fitness, or medical categories accessible on the
App Store and Google Play [9]. The studies showed that
mobile health in breast cancer care management effec-
tively managed weight, improved quality of life, improved
patient well-being, better coping with symptoms, and
reduced stress levels [13]. Moreover, several studies
have shown that using mobile apps to help patients with
breast cancer has numerous benefits, including improved
information needs, increased physical activity, decreased
nervousness and anxiety, decreased fearlessness, and
improved personal satisfaction [14]. Moreover, disease-
specific applications may enhance patients’ self-efficacy
and self-care through information technology services,
including educational resources, peer support, and elec-
tronic patient-reported outcomes [15]. Morbidity and
mortality can be diminished by advocating for exercise,
a nutritious diet, and sufficient access to screening ser-
vices, treatment, and care management. Nevertheless,
insufficient awareness and support have hindered numer-
ous women with breast cancer from adopting healthier
practices during their treatment [9]. New eHealth and
m-Health initiatives have been promising in manag-
ing cancer patients, especially in supportive care and
follow-up [15]. Selecting an appropriate application for
breast cancer patients is crucial since a failure to meet
the patient’s requirements may result in discontinuation
of its use. Comprehending the informational require-
ments of women with breast cancer might facilitate the
identification of opportunities for mobile applications to
enhance the experience of this patient demographic [9].
The user interface is essential to meet user expectations
and support the practical functionality of your app. A
well-executed user interface facilitates effective interac-
tion between the user and the app [16]. Due to the swift
expansion of smartphone applications, users, health
professionals, and academics find it more challenging to
identify and evaluate high-quality apps [17]. Other than
the star ratings displayed on retailers’ websites, limited
information regarding app quality exists, and app reviews
are inherently subjective and may originate from dubi-
ous sources. Choosing applications based on popular-
ity provides minimal or no substantive insight into their
quality [18]. Numerous technologies exist for app assess-
ment, and applications are analyzed and appraised from
multiple perspectives. One of the instruments included
in our research is the Mobile Application Rating Scale
(MARS). The MARS offers researchers, developers, and
healthcare practitioners a dependable and adaptable app-
quality assessment scale. The MARS tool is a thorough
and dependable resource commonly utilized to evaluate
the quality of mobile health applications, including those
for epilepsy, COVID-19, self-management, spine dis-
orders, and Alzheimer’s disease [19-21]. One criterion
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for assessing an application is its quality measurement,
conducted by MARS; another is its features, which can
be evaluated using tools like the feature-based applica-
tion rating method (FARM). A feature in an application
is generally a fundamental function or service offered to
consumers. Features may be advantageous or disadvan-
tageous to users. The FARM assesses and ranks mobile
applications according to the accessibility and caliber of
each feature. The FARM tool rates the quality of mobile
health apps like HIV/AIDS. These two tools complement
each other to evaluate apps [14]. This study aimed to
evaluate breast cancer-related mobile applications across
various domains, including self-examination, risk assess-
ment, patient education, community support, and treat-
ment assistance, using MARS and FARM tools.

Methods

This study was a cross-sectional descriptive-analytical
study conducted in Mashhad, the second-largest city in
Iran. The exact search date was April 22, 2023.

Evaluation process

First, we conducted a systematic literature search in
prominent databases such as PubMed, Scopus, and Web
of Science to identify relevant studies on breast cancer-
related mobile health applications. The search strat-
egy was developed based on Medical Subject Headings
(MeSH) terms and free-text keywords. A comprehensive
search query was used: (breast AND (cancer OR neo-
plasms OR tumors OR carcinomas)).

In PubMed and Scopus, the search was performed in
Title/Abstract/Keywords fields, whereas in Web of Sci-
ence, a Topic search was conducted to maximize cover-
age. The searches were performed by three independent
researchers who screened and cross-verified the results
to ensure accuracy and reliability.

Subsequently, we searched for the term “breast can-
cer” and its equivalent synonyms (obtained from Step 1)
in the Google Play Store and Apple App Store to ensure
that no relevant applications were overlooked [13]. Three
researchers conducted the searches independently and
screened and cross-verified the results to enhance reli-
ability and minimize selection bias. The PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines were followed to ensure a
systematic and transparent approach to identifying and
screening applications.

The Apple App Store has 1.96 million apps for down-
load, and 2,597,819 apps are available on the Google
Play Store [22]. From this number, approximately 54,546
healthcare and medical apps are available on the Google
Play Store [23], and 41,517 healthcare and medical apps
are available on the App Store [24]. The included mobile
applications had to meet the following criteria: (1) be
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compatible with both Android and iOS operating sys-
tems, (2) be written only in English, (3) be available in
Iran, and (4) focus specifically on breast cancer. The
selected apps were installed on two test devices (Galaxy
A51, Android 13.0, CPU 8, and iPhone X, iOS 16). After
installation, several applications were excluded from the
study, including (1) congress-related applications, (2)
gaming applications, (3) social networking applications,
(4) apps with content download issues, (5) apps that do
not focus on breast cancer, (6) apps with login issues pre-
venting access to content, and (7) journal-related appli-
cations. Finally, this study systematically reviewed and
evaluated all eligible breast cancer applications. All eval-
uators assessed the apps in a pre-determined randomized
order to minimize bias, ensuring no specific app ben-
efited from order effects.

Evaluation tools

We employed MARS and FARM techniques to assess the
quality and characteristics of the breast cancer applica-
tions, respectively. The MARS instrument comprises 23
inquiries across four distinct objective dimensions. The
app quality criteria were organized into five categories:
engagement, functionality, aesthetics, information qual-
ity, and subjective quality, resulting in the creation of 23
subcategories from which the 23 individual MARS items
were derived. Each MARS item employed a 5-point scale
(1-Inadequate, 2-Poor, 3-Acceptable, 4-Good, 5-Excel-
lent), with descriptors written for each rating anchor.
When an item may not pertain to all applications, a “not
applicable” option has been incorporated. The expert
group examined the MARS items and rating descriptor
terms to guarantee the use of acceptable and consistent
language throughout the scale.

A feature in an application is generally a fundamental
function or service offered to consumers. Features may
be advantageous or disadvantageous to users. The FARM
assesses and ranks mobile applications according to the
accessibility and caliber of each feature. The FARM tool
rates the quality of mobile health apps like HIV/AIDS.
These two tools complement each other when evaluating
apps. The MARS and FARM tools are available in Addi-
tional files 1 and 2.

Evaluation participants

This study used three primary evaluators and one super-
visor to assess breast cancer apps based on the MARS
and FARM tools. One of the key selection criteria for
evaluators was that they (1) were not breast cancer
patients, (2) had no prior experience using mobile health
applications for breast cancer, and (3) were thoroughly
familiar with the evaluation methodology. All four evalu-
ators had a background in health information technol-
ogy. The evaluators used a shared mobile phone for the
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assessment process to maintain consistency. Before ini-
tiating the evaluation, the evaluators underwent a coor-
dination session to standardize the evaluation approach
and ensure a uniform understanding of the methodology.
All evaluations were conducted in a designated location
to maintain consistency across assessments.

Before starting the evaluations, all assessors watched
the official MARS training video [25] and received
instructions on applying the FARM tool. The evalua-
tion process was structured so that each evaluator first
assessed the apps using the MARS tool and assigned
ratings, followed by an evaluation using the FARM tool.
To prevent any potential carryover effects, at the end of
each evaluator’s session, all application data entered by
the first evaluator was deleted from the shared mobile
phone before the second and third evaluators began their
assessments. This ensured that previous assessments
influenced no evaluator’s scores. To minimize bias, all
evaluators assessed the apps in a pre-determined ran-
domized order to minimize order bias, ensuring that no
particular app benefited from position effects.

Differences in scoring among the three primary evalu-
ators were first discussed to reach a consensus. If a dis-
crepancy remained unresolved, the fourth evaluator,
acting as a supervisor, provided the final decision.

Structured break intervals were implemented to miti-
gate the risk of evaluator fatigue, which has been shown
to impact study quality [26]. After each hour of evalua-
tion, the assessors took a mandatory 15-20 min break,
during which they could rest and have refreshments such
as tea. To ensure that fatigue did not compromise the
evaluation quality, assessments resumed only if all asses-
sors confirmed they were ready to continue. Otherwise,
the evaluation session was postponed to the following
day.

Data analysis

We employed this study’s mean and standard deviation
to evaluate the applications. The calculation of mean
scores excluded the zero scores from the FARM tool and
the N/A score from the MARS instrument. The aver-
age results for the MARS and FARM instruments were
categorized as 1: inappropriate, 2: poor, 3: acceptable, 4:
good, and 5: excellent. We employed the Kolmogorov-
Smirnov test to assess the normality of the variables
associated with MARS and FARM tools, which did not
validate the normality of these variables. Consequently,
Spearman’s correlation test was employed to exam-
ine the relationship between the characteristics of the
MARS and FARM tools. Descriptive statistics were used
to calculate the applications’ MARS rankings and the
FARM scale, including mean and standard deviation. The
internal validity and consistency of the assessors were
assessed using the two-way mixed intraclass correlation
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coefficient (ICC) [27]. Data analysis was conducted using
the SPSS version. A significance level of a=0.01 was used
to interpret the statistical results, ensuring rigorous con-
trol over Type I error rates.

Results

From our search of keywords in the Google Play Store
and the App Store, 453 apps were retrieved, of which 375
irrelevant and duplicate apps were removed, leaving 78
apps. After reviewing the apps, 34 apps were excluded
for the following reasons (apps were related to Congress
(n=1), social networks (n=5), apps do not focus on dis-
ease (n=7), other languages (n=12), magazines apps
(n=6), and problem to login to apps (#=3)) and finally
44 apps were included in the study based on the inclusion
and exclusion criteria (Fig. 1). Figure 1 provides a struc-
tured overview of the app selection process, illustrating
the number of applications retrieved, screened, excluded,
and ultimately included in the study. A total of 453 apps
were initially identified from the Google Play Store
(n=300) and the Apple App Store (n=153). In the first
screening phase, 375 apps were excluded due to duplica-
tion or irrelevance, leaving 78 apps for further evaluation.
An additional 34 apps were excluded based on predefined
eligibility criteria, including congress-related apps (n=1),
apps in languages other than English (n=12), social net-
working apps (n=5), apps with login issues (n=3), mag-
azine apps (n=6), and apps not explicitly focused on
breast cancer (n="7). Following this screening process,
44 apps were deemed eligible for inclusion, with 32 apps
from the Google Play Store and 12 from the Apple App
Store. Figure 1 visually represents this multi-stage selec-
tion process, ensuring transparency and reproducibility
of the app inclusion methodology.

Mobile application evaluation results

The results of evaluating apps related to breast cancer
using MARS and FARM tools are shown in Table 1. The
average score of all apps using both tools in both stores
was 3.3 out of 5 (SD=0.19). The average overall score
of both tools for the apps of Google Play Store was 3.2
(SD=0.18), and for the app store, it was 3.5 (SD =0.22).
Based on the evaluation results of the two tools, the
absence of undesirable features had the highest mean, 4.7
(SD=0.2), and the lowest subjective dimension, with an
average score of 2.12 (SD =0.3).

Moreover, four out of 32 Google Play Store apps
(12.5%) scored higher than 4: ACS Reach, Breast Cancer
Club, Owise, and The Breasties Cancer Community.

To further highlight the best-performing applications
for specific breast cancer-related functions, Table 2.
Presents the highest-rated apps in different categories
based on their MARS evaluation scores. These applica-
tions were selected based on their superior performance
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Irrelevant and duplicate
apps were excluded from
the study for the first
phase:n=375

Fig. 1 Flow chart of the selection process for inclusion of the apps
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Table 1 The results of the evaluation of breast cancer apps based on MARS and FARM tools

Total

FARM total
score

FARM dimensions

MARS total
score

MARS dimensions
Engagement

score

Absence of

Desirable
features

Information  Subjective

quality

Aesthetics

Functionality

undesirable
features

dimension

Google Play Store apps

3.2(1.19)

0,5

3.98(1.18)
0,5

4.7(0.44)

3.22,5

3.2(1.22)
0,4.85

2.9(1.06)

2.11(0.81)

3.01(0.62)
157,457

3(0.86)

2.8(1.05)

1,5

3.9(0.87)

2.25,5

2.7(1.004)
1,48

Mean (SD)

Min, Max

1,45

2(1)

3.25(1.92)

4.4(1.37)

5(0.44)

3.7(1.73)

2.86(1.55)

3(1.67)

2.6(1.7) 4.25(1.5)

Median (IQR)
App Store apps

35(01.21)
0,5

4.67(0.97)

0,5

4.9(0.18)
422,5

44(01.3)
0,5

3.14(1.01)
1.25,5
3(1.6)

2.16(0.54)

3.06(0.38)
2.29,3.86
3(0.57)

3.3(0.82)
2,467

4.5(0.39)

355

2.6(0.71)
14,44

2.4(1)

Mean (SD)

Min, Max

1.25,3.25

2(0.75)

3.6(2.26)

5(0.22)

5(0.5)

3.33(1.33)

4.75(0.5)

Median (IQR)
Mean of all apps

3.3(1.18)

0,5

4.18(1.14)

0,5

4.7(0.36)
367,5

3.5(1.33)

0,5

3.0(1.02)

1,5

2.12(0.7)

3.02(0.53)
157,438
2.95(0.65)

3.0(0.96)

4.1(0.78)
242,5

2.7(0.9)

Mean (SD)

Min, Max

1,3.67
2(0.88)

122,467
3.10142)

1.27,447
2.5(1.58)

3.3(2.02)

4.5(1.2)

5(0.41)

3.9(1.86)

2.9(1.54)

4.5(1.29)

Median (IQR)
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in self-examination, risk assessment, patient educa-
tion, community support, and treatment assistance.
The selection criteria focused on app functionality, user
engagement, and overall usability. By identifying the
top-rated apps, this study provides valuable insights for
patients, healthcare providers, and developers to enhance
future mobile health interventions for breast cancer
management.

Each of these applications excelled in their respective
categories. Breast Self-Check demonstrated the best per-
formance in the self-examination category with a MARS
score of 3.7, attributed to its interactive self-exam tutori-
als, reminder alerts, and user-friendly interface. This app
helps users establish a routine for self-examinations and
increases awareness about early detection. iCheck was
identified as the top-rated risk assessment app, scoring
3.9, providing evidence-based screening tools that allow
users to evaluate their risk levels based on key factors.
The app’s intuitive user experience and simple yet effec-
tive design make it accessible to a broad audience.

ACS Reach received the highest score (4.2) in the
Google Play Store for patient education. Developed by a
reputable medical organization, this app offers compre-
hensive educational content covering early detection,
diagnosis, treatment options, and post-treatment care.
The Breasties Cancer Community app was rated the
best in community support, achieving a MARS score of
4.3. This application is designed to connect breast can-
cer patients and survivors through emotional support
groups and interactive forums, fostering a strong sense of
community.

BWell stood out as the highest-rated application for
treatment assistance, with an overall MARS score of 4.4.
This app provides structured exercise plans tailored for
breast cancer recovery, customizable physical therapy
schedules, and guided rehabilitation programs support-
ing patients post-treatment recovery.

These findings suggest that while most apps dem-
onstrate strong functionality, there remains room for
improving user engagement and accessibility in future
developments. Developers should focus on enhanc-
ing interactivity, integrating Al-based personalization,
and ensuring stronger clinical validation to make these
tools even more effective for patients. The results also
emphasize the importance of balancing technical effi-
ciency with user-centered design to ensure breast cancer
mobile applications effectively meet patient needs and
enhance long-term adherence to self-care and treatment
protocols.

Also, four out of 12 App Store apps (33.3%) had scores
higher than 4: BWell, Icheck, Breast Self-Check, and Pink
Bra. Symptoms of Breast Cancer app in the Google Play
Store and MBC Connect app in the App Store had the
lowest scores among other apps. In Google Play Store,
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Table 2 Top-rated mobile applications for different breast cancer-related functions based on MARS evaluation

Function Recommended App  Platform Overall Key Strengths
MARS
Score
Self-examination Breast Self-Check Apple App Store 3.7 Interactive self-exam tutorials, reminder alerts, and a user-friendly
interface.
Risk assessment iCheck Apple App Store 3.9 Simple risk assessment tool, evidence-based algorithms, intuitive UX.
Patient Education ACS Reach Google Play Store 4.2 Comprehensive educational resources trusted by medical
institutions.
Community support  The Breasties Cancer Google Play Store 4.3 Peer-to-peer networking, emotional support groups, and interactive
Community discussions.
Treatment Assistance  BWell Apple App Store 44 Exercise programs for recovery, customizable physical therapy plans.

Table 3 Characteristics and evaluation scores of breast cancer mobile applications

Applica- Developer Last Update App Features Description Validation Status
tion Name
ACS Reach  Chronus Android: User-friendly interface, per-  Connects cancer patients with survivors, Effectiveness was not evalu-
LLC, Ameri-  September  sonal profiles, online chat,  providing guidance on treatment manage-  ated; future evaluation is
can Cancer  2,2024,i0S:  treatment reminders ment and coping strategies. planned via clinical trials.
Society Inc.  October 26,
2023
Breast Can-  Gazal Kamal August 29, Intuitive interface, messag-  An online support network for women with  Not evaluated; plans for user
cer Club 2024 ing, information sharing breast cancer allows users to share experi- feedback-based evaluation.
ences and support each other.
Owise Px Health- ~ March 12, Personalized information, It helps users manage their lives post-diagno- Not evaluated; planned
Care Group 2025 guidance, and support sis with secure, trustworthy information. future evaluations with
Ltd. patient surveys.
The Breast-  The Breast-  iOS: February Interest-based groups, A platform designed to connect and support  Not evaluated; ongo-
ies Cancer  iesInc. 14,2024 events section, educational  individuals affected by breast cancer. ing community-based
Community resources evaluation.
iCheck Three Swiss  March 27, A visual guide for breast Provides instructional content for breast It has not been evaluated;
Physicians 2015 examination, monthly self-examination. there are no current plans
reminders for clinical evaluation.
BWell University of September  Exercise program, edu- A rehabilitation tool focused on arm and Not evaluated; future evalu-
Sussex 27,2017 cational videos, calendar shoulder recovery after breast cancer ation to assess effectiveness.
reminders treatment.
Pink Bra George December 5, Animated instructions, self-  Provides animated guides and educational It has not been evaluated;
Ferzli, MD 2017 exam reminders material for breast health awareness. no current plans for effec-
tiveness testing exist.
NIH Breast ~ National August 15, Research-based informa- Offers comprehensive information on breast  Evaluated in clinical settings;
Cancer Institutes of 2023 tion, treatment options cancer research and treatment options. ongoing updates based on
Health new research findings.
Breast Unknown January 10, Support resources, treat- It aims to empower users with information Not evaluated; user
Advocate 2024 ment tracking and support throughout their breast cancer  feedback will guide future
journey. improvements.
Young Unknown March 5, Community support, edu-  Focuses on providing a supportive environ-  Not evaluated; plans for
Breast 2024 cational resources ment for young women facing breast cancer. community feedback
Cancer collection.
Community
Breast Unknown January 15, Educational resources, Provides information on breast cancer aware- Not evaluated; user feed-
Cancer 2024 reminders for screenings ness and screening reminders. back planned.
Awareness
App
MyBreast-  Unknown February 20, Symptom tracking, treat- It helps users track symptoms and manage Not evaluated; future evalu-
Cancer App 2024 ment management treatment plans effectively. ations planned.

12.5% of the apps had a score higher than 4, 65% of the
apps had a score between 3 and 4, 18.5% of the apps
had a score between 2 and 3, and 4% of the apps had a
score lower than 2. In the App Store, 33.3% of the apps

had a score higher than 4, 50% of the apps had a score
between 3 and 4, 8.3% of the apps had a score between
2 and 3, and 8.4% of the apps had a score lower than 2.
Table 3 presents detailed characteristics of this study’s
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breast cancer-related mobile applications. Each app’s
primary goals, latest update date, developer, targeted
users, and validation status are outlined. Additionally,
the overall MARS and FARM scores and the scores for
individual dimensions of both tools are provided to com-
prehensively understand each application’s quality and
functionality.

Visual comparison of MARS and FARM scores

To better understand the differences in app quality, Fig. 2
presents a radar chart illustrating the scores of each
dimension of the MARS and FARM tools for all included
apps. The chart compares:

+ All evaluated apps,
« Apps available in the Google Play Store, and.
« Apps available in the App Store.

This visualization provides an overview of how the apps
performed across key evaluation criteria, including

Aesthetics

InformatioryQuality

Subjective Dimension \\

Desirable

Fig. 2 Comparison of app quality scores across platforms
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engagement, functionality, aesthetics, information qual-
ity, subjective perception, desirable features, and absence
of undesirable features. Notably, apps from the App Store
generally scored higher in functionality and desirable fea-
tures, whereas Google Play Store apps showed slightly
lower scores in engagement and aesthetics. These dif-
ferences may be attributed to variations in app design,
platform-specific development standards, and regulatory
requirements.

Evaluation results of MARS tool

This study assesses the content and quality of breast can-
cer mobile health apps, which can be cited when report-
ing evaluation outcomes using the MARS and FARM
tools [28]. The total MARS mean score for all apps was
3+0.38. The highest rating was related to the Function-
ality dimension (4.1+0.13), and the lowest was related
to the Subjective dimension (2.12+0.3) (Table 1). Also,
6.8% of the apps had scored higher than 4. The three apps
that scored the highest in this tool are Surviving Breast

Sl Rt

Enggdgement

T T

———
aamen®

desirable Features
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Cancer, The Breasties Cancer Community, and Owise.
The Breast Health Care app had the lowest score in this
tool. The normality of the dataset was assessed using
the One-Sample Kolmogorov-Smirnov test. The results
indicated that the functionality dimension (D=0.199,
p<0.001), subjective dimension (D=0.162, p=0.005),
desirable features (D=0.161, p=0.006), and absence
of undesirable features (D=0.314, p<0.001) deviated
significantly from a normal distribution. In contrast,
engagement (D=0.122, p=0.102), aesthetics (D=0.088,
p=0.200), and information quality (D=0.090, p=0.200)
did not show significant deviations from normality.

FARM tool evaluation results

The results of assessing the features of mobile health
applications for breast cancer management using the
FARM tool are shown in Table 1. The mean score of
FARM for all apps was 4.18+0.24. The highest mean
scores in the App Store were for GPS Functionality, Set-
tings, Communication Ways, Data Import and Export
Feature, and Note Feature. Breast Cancer App Store apps
in the FARM tool for Undesirable Features, Corrupted
and misleading links (4.7 £0.9), Inactive and misleading
buttons (4.8+0.6), and It was a free app, but required
payment for basic features (4.8+0.4) had the lowest
value. Breast Cancer App Store apps in the FARM tool
for Advertisement, the existence of unrelated informa-
tion, difficulties in logging into the app, and the fact that
it takes a long time to load the app’s content, a total score
(5) has been obtained.

The features with the highest scores in the Google Play
Store were Medication Management (4.5+0.5), Search
Feature (4.4+0.8), Password (4.4+0.6), and Collect
Patient Data (4.3+1). Breast Cancer Google Play Store
apps in the FARM tool had the lowest value for Adver-
tisement (4.4+1.3), and It takes a long time to load the
app’s content after execution (4.4%1.3). Google Play
Store apps of Breast Cancer in the FARM tool for Unde-
sirable Feature, the existence of unrelated information
(4.9+0.1), Inactive and misleading buttons (4.8 +0.7), and

Table 4 The agreement rate between the three evaluators
regarding the rating based on FARM and MARS tools

Tools Dimensions ICC Confidence
interval of

95% for ICC

MARS Engagement 0.965 0.942-0.980
Functionality 0.944 0.908-0.967

Aesthetics 0.941 0.903-0.966

Information quality 0.946 0.910-0.968

Subjective dimension 0.940 0.901-0.965

FARM Desirable features 0.972 0.954-0.984
Absence of undesirable 0917 0.863-0.952

features
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Page 9 of 17

Corrupted and misleading links (4.8 £0.5) had the high-
est score.

The degree of agreement between the three evalua-
tors regarding the rating based on the FARM and MARS
tools is shown in Table 4. The agreement rate between
the three evaluators for the overall MARS score, calcu-
lated using the ICC, was 0.952 (CI 95%=0.929-0.971).
The agreement rate between the three evaluators for the
overall FARM score was 0.8 (CI 95%=0.692-0.879). The
association between the dimensions of the MARS tool
and the FARM tools’ dimensions was assessed using the
Spearman correlation test (Table 5). Table 5 indicates
that the weakest association was found between the func-
tionality dimension score and the information quality
dimension score of the MARS tool (p=0.397, p=0.016).
The strongest association was noted between the sub-
jective dimension score and the engagement dimension
score of the MARS instrument (p=0.806, p<0.001).
Similarly, the strongest association within the FARM tool
was observed between the absence and desired scores
(p=0.254, p=0.102). The most significant correlation
between the dimensions of the MARS and FARM tools
was noted between the functionality dimension score
and the absence dimension score (p=0.381, p=0.022).
In contrast, the least significant correlation was found
between the information quality dimension score and
the absence dimension score (p=0.005, p=0.964). Apps
with the highest scores based on the FARM and MARS
tools in the Google Play Store and App Store are shown
in Table 6.

Discussion

Self-care in breast cancer is recognized as a crucial strat-
egy for preventing the worsening of the prognosis and
managing the disease [29].

This systematic review on mobile health effectiveness
in breast cancer care can be used to contextualize the
findings related to the impact of mobile apps on patient
care [30]. With the rise of mobile technology, smart-
phones have increasingly become valuable tools for sup-
porting various aspects of self-care [31]. Accordingly, the
present study was conducted to evaluate mobile health
applications designed for breast cancer management,
guiding healthcare stakeholders and patients in identi-
fying high-quality mobile health applications that meet
their needs.

In summary, the results revealed that out of 453
retrieved apps, 44 related to breast cancer were chosen
after evaluation. The average app rating using the MARS
and FARM tools across both app stores was 3.3 out of 5.
In the Google Play Store, 12.5% of the apps, and in the
Apple Store, 33.3% of the apps scored higher than 4. The
highest MARS score was in the functionality category
(4.1), while the lowest was in the subjective dimension
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Table 5 The correlation between the FARM dimensions and the MARS dimensions

FARM dimensions

MARS dimensions

Tools and dimensions

Absence of undesirable features

Subjective dimension Desirable features

Information quality

Aesthetics

Functionality

Engagement

MARS dimensions

-0.244
110
0.381
011

0217
157

0.806
<.001
0516

0.648

0.718

0469
001
1.0

1.0

Engagement

<.001

<.001
0488
001

0316
036

0.397
008

0.469
001

Functionality

<001
0.719

-0.102

511

0.337
025

0.577
<.001

0488
001

0.718

Aesthetics

<.001
0.676

<.001

-0.005
977

0.163
289

0.397 0.577

.008

0.648
<.001

Information quality

<.001
1.0

<.001
0.719

-0.04
797

0.224
143

0.676

0516

0.806
<.001

Subjective dimension

<.001

<.001

<.001

FARM dimensions

0.254
096
1.0

1.0

0.224
143

0.163
289

0.337
025

0.316

036

0217
157

Desirable features

0.254
096

-0.04
797

-0.005
977

-0.102

511

0.381
011

-0.244
110

Absence of undesirable features
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(2.12). The inter-rater reliability for MARS and FARM
was 0.952 and 0.8, respectively.

In the current study, although apps from the App
Store and Google Play received comparable and accept-
able scores on the MARS and FARM evaluations, the
highest average rating was attributed to the absence of
undesirable features. In contrast, the subjective dimen-
sion received the lowest average score. Consistent with
our findings, Raeesi et al. [31] utilized the MARS tool
to evaluate HIV/AIDS mobile apps and reported similar
results [32]. It is noteworthy, however, that their study
differed from ours regarding the specific disease under
consideration.

Additionally, with advancements in virtual develop-
ment techniques, many features of mobile apps can now
be highly personalized, reducing undesirable charac-
teristics [23]. Nonetheless, the subjective dimension of
mobile apps received relatively low scores in the present
study. Maga et al. [23] similarly found that the subjective
dimension scored the lowest in their evaluation of an app
related to breastfeeding [33]. Comparing our findings
with the other investigations, it appears that the subjec-
tive aspect of mobile apps remains significantly below the
desired standard, underscoring the need for more rigor-
ous evaluation and refinement in this area.

Similarly, Aydin et al. [13] systematically evaluated
breast cancer-related mobile health applications using
the MARS tool and reported findings comparable to ours
[13]. Their study highlighted that while most breast can-
cer apps demonstrated strong functionality, engagement
and subjective ratings were notably lower—consistent
with our observations. However, unlike our study, which
incorporated both MARS and FARM tools for a more
comprehensive assessment, Aydin et al. primarily relied
on MARS, limiting their evaluation to engagement and
information quality while overlooking other usability fac-
tors, such as the absence of undesirable features and the
presence of essential functionalities.

Our findings reinforce the importance of a multi-
dimensional evaluation approach, as technical function-
ality alone does not guarantee high engagement or user
satisfaction. Both studies suggest that while many breast
cancer apps offer well-developed core functionalities,
they often fail to provide an engaging and personalized
user experience. This highlights a critical gap in mobile
health applications, where usability, interactivity, and
patient-centred design must be prioritized alongside
technical performance.

To address these shortcomings, future app develop-
ment should integrate adaptive personalization, gamifica-
tion, and improved accessibility features. Personalization
through Al-driven recommendations can enhance user
engagement by tailoring content to individual patient
needs and disease progression. Gamification elements,
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such as reward-based tracking for self-examination or
treatment adherence, could further improve motivation
and long-term use. Moreover, accessibility remains an
overlooked aspect in most breast cancer apps, as they
primarily target a general female audience while neglect-
ing male breast cancer patients and individuals with
disabilities. Universal design principles can help bridge
this gap and expand usability across diverse patient
demographics.

Another critical aspect identified in both studies is
the lack of clinically validated applications. Many apps
lack expert endorsement and evidence-based guidelines,
reducing their credibility and reliability in clinical set-
tings. Future development efforts should prioritize col-
laborations with healthcare professionals and integrate
standardized medical guidelines to enhance trust and
effectiveness.

These findings suggest that while technical advance-
ments in breast cancer apps continue to improve, a
pressing need remains to enhance user engagement,
accessibility, and clinical validation. By incorporating
user-centered design, interactive features, and stronger
medical oversight, future apps can become more effec-
tive tools for patient education, symptom tracking, and
adherence to treatment protocols, ultimately improv-
ing the overall digital health landscape for breast cancer
management.

The findings revealed that four apps from the Google
Play Store—ACS Reach, Breast Cancer Club, Owise, and
The Breasties Cancer Community—achieved ratings
above 4 on the MARS scale. In support of these findings,
Wright et al. also utilized the Owise app and reported
its strong effectiveness in breast cancer self-care [34].
However, to the authors’ knowledge, no research has yet
focused on using this particular set of mobile apps from
the Google Play Store for breast cancer management.
Similarly, the apps BWell, Icheck, Breast Self-Check,
and Pink Bra in the Apple Store received ratings exceed-
ing 4 (based on the MARS scale). Additionally, Harder et
al. demonstrated that the BWell app—a novel program
designed for arm and shoulder exercises—was collab-
oratively developed by breast cancer patients, healthcare
professionals, and academics, and it shows significant
potential for effectiveness among breast cancer patients
[35].

Regarding the Pink Bra and Breast Self-Check apps,
Nasution et al. found that these applications have con-
siderable potential for the timely detection of breast can-
cer. Notably, their study, which, like the present research,
aimed to evaluate mobile apps in the context of gastric
cancer, indicated that most apps concentrated on per-
ceived threats and benefits but lacked a focus on per-
ceived barriers. This evaluation could provide valuable
insights for developing content that aligns with health
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theories to enhance breast cancer awareness [36]. Over-
all, these results suggest that, in the future, the insights
gained from this study could be instrumental in devel-
oping and improving apps guided by health theories
focused on managing and preventing breast cancer. How-
ever, further testing and validation of these applications
are necessary.

Furthermore, the present study highlights the role of
mobile apps as an essential digital health intervention
in breast cancer management. The findings emphasize
that while many breast cancer apps demonstrate tech-
nical functionality, a gap remains in user engagement
and subjective perception [37]. This suggests that future
app development should focus on technological aspects
and improving user experience and perceived value. By
addressing these deficiencies, breast cancer apps could
become more effective tools for patient education, symp-
tom tracking, and adherence to treatment protocols.

Moreover, according to the FARM scale, the apps eval-
uated in the Apple Store exhibited several desirable fea-
tures, such as GPS functionality, customizable settings,
communication tools, data import/export capabilities,
and note-taking options. One potential explanation for
the observed differences between app stores may stem
from the distinct development standards and regulatory
frameworks imposed by Apple and Google. Apple’s App
Store enforces stricter review processes and higher stan-
dards for app functionality, security, and privacy com-
pliance, which may contribute to the presence of more
polished apps with fewer undesirable features. In con-
trast, the Google Play Store allows for greater flexibility
in app submissions, leading to a higher number of avail-
able apps but with more variation in quality [13].

Our findings support this trend. As shown in Table 1,
the average overall score for apps in the App Store
(3.5+0.22) was higher than in the Google Play Store
(3.2+0.18). Moreover, Table 6 indicates that among the
top five highest-rated apps on MARS, three belong to the
App Store (BWell, Breast Self-Check, and ICheck), rein-
forcing that iOS apps tend to be better optimized and
provide higher functionality. In contrast, only two of the
highest-rated apps in Table 6 are from the Google Play
Store (Owise and The Breasties Cancer Community),
suggesting that while some Android apps achieve high
ratings, they are less consistent in quality.

The differences in quality can also be observed in spe-
cific MARS dimensions. As seen in Table 1, Apple apps
had a higher average functionality score (4.5+0.13) than
Android apps (3.9+0.16), demonstrating that stricter
App Store regulations might lead to better user experi-
ence and interface optimization. For instance, BWell
(iOS) received the highest MARS score for functionality
(4.6), whereas Owise (Android) scored lower (4.3) despite
being a well-regarded app. This suggests that iOS apps
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are often designed with better interface integration and
technical stability.

In contrast, despite their higher availability, Android
apps contained more technical flaws, such as broken
links, inactive buttons, and misleading advertisements.
This was evident in the FARM assessment, where unde-
sirable features were more frequently identified in
Android than iOS apps. For example, Breast Cancer Club
(Android) exhibited technical issues related to UI stabil-
ity, contributing to a lower overall FARM score than sim-
ilar iOS apps.

These discrepancies can be attributed to fundamental
differences in Apple and Google’s development policies.
Apple requires all apps to undergo manual review before
approval, ensuring compliance with UI/UX standards,
security, and performance metrics. Additionally, iOS
apps must adhere to Human Interface Guidelines (HIG),
a set of best practices that promote consistent design,
smooth navigation, and accessibility features. On the
other hand, Google Play Store relies more on automated
screening, allowing developers to push updates more
frequently but at the cost of quality control. This flexibil-
ity leads to more Android apps but increases the risk of
inconsistencies and technical issues.

These findings highlight the need for cross-platform
optimization and stricter quality control measures in
mobile health application development to ensure consis-
tency and reliability across different operating systems.
Developers should consider adapting the higher design
standards enforced by Apple to enhance app usability and
overall performance on all platforms. Moreover, Android
app developers should implement better testing and
quality assurance practices before launching their apps to
minimize user experience issues and maintain function-
ality over time.

Furthermore, this discrepancy in quality affects user
adoption and trust. Users may perceive iOS apps as more
reliable and professional, whereas Android apps may
be seen as more experimental but less polished. Future
research should explore how these quality differences
impact user engagement and adherence to breast cancer
self-care practices.

These features significantly enhance user engagement
and facilitate the management of health-related infor-
mation. For example, GPS can help users locate nearby
healthcare facilities or quickly find routes to medical
services [38]. Additionally, importing and exporting
data enables users to synchronize their health informa-
tion across multiple devices or applications, which is of
considerable value [39]. Conversely, the lowest ratings
were assigned to apps with undesirable features, such
as broken links, inactive buttons, and apps advertised
as free but requiring payment for basic functionalities.
These issues compromise the user experience and risk
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undermining users’ trust in the applications. For instance,
broken links or inactive buttons can hinder users from
accessing essential information, leading to frustration
and dissatisfaction.

Similarly, offering an app for free but charging for basic
features can create a sense of deception, potentially caus-
ing users to abandon the app entirely [13]. The findings
also reveal that the evaluators demonstrated a generally
high level of agreement when ranking the apps using the
FARM and MARS tools. This agreement was especially
pronounced in the overall MARS scores, with a strong
concordance also observed in the FARM tool. Further-
more, an analysis of the correlations between various
dimensions of these tools showed that some dimen-
sions were more closely related, such as the connection
between the subjective dimension and engagement in the
MARS tool. On the other hand, dimensions like informa-
tion quality and functionality in MARS and absence and
desirability in FARM exhibited weaker correlations.

These results suggest that certain features and dimen-
sions of these tools are more closely aligned while oth-
ers are less so. In line with this, Raeesi et al. [31] found a
moderate to high correlation between the scores assigned
to apps using the MARS and FARM tools [32]. Therefore,
a high MARS score can indicate the presence of desir-
able features and the absence of undesirable ones in an
app. However, relying on a single tool for app evaluation
may not provide a complete picture. Using multiple tools
offers a more detailed and comprehensive assessment of
the apps.

Additionally, while most breast cancer mobile health
applications are designed with female patients in mind,
the study identifies a gap in addressing male breast can-
cer. Given that male breast cancer, though rare, presents
distinct challenges such as delayed diagnosis and unique
psychosocial needs, future app development should con-
sider incorporating resources tailored to male patients.
Expanding digital health solutions to be more inclusive
could enhance awareness, early detection, and targeted
support for all individuals affected by breast cancer.

Potential clinical and public health implications

The findings of this study have significant implications
for both clinical practice and public health. For patients,
the availability of high-quality mobile health applica-
tions for breast cancer management can empower them
to take an active role in their self-care, improving disease
management and potentially enhancing their quality of
life. Apps with desirable features, such as GPS function-
ality, customizable settings, and data synchronization,
can provide practical tools for patients to monitor their
health, access resources, and communicate with health-
care providers. These features can also facilitate early
detection of breast cancer, as seen with apps like Pink Bra
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and Breast Self-Check, which have shown potential for
timely diagnosis.

For clinicians, these apps can serve as valuable adjuncts
to traditional care, offering a platform to deliver person-
alized health information, track patient progress, and
encourage adherence to treatment plans. Integrating
apps like BWell, which was developed collaboratively by
patients, healthcare professionals, and academics, dem-
onstrates the potential for such tools to bridge the gap
between clinical care and patient self-management. How-
ever, the presence of undesirable features, such as broken
links or hidden costs, highlights the need for clinicians to
guide patients in selecting reliable and effective apps.

From a public health perspective, the widespread adop-
tion of high-quality breast cancer apps could contribute
to increased awareness, early detection, and better man-
agement of the disease. By aligning app content with
health theories, developers can create tools that address
perceived threats and benefits and tackle perceived bar-
riers, promoting sustained engagement and behavior
change. This could ultimately reduce the burden of breast
cancer on healthcare systems and improve outcomes at
the population level.

In conclusion, while the current study highlights the
potential of mobile apps in breast cancer self-care, it also
underscores the need for ongoing evaluation, refinement,
and validation of these tools. By addressing the limita-
tions identified, such as the low scores in the subjective
dimension and undesirable features, future apps can bet-
ter meet the needs of patients and clinicians, ultimately
contributing to improved breast cancer management
and prevention [40]. Most mobile health applications
for breast cancer management are designed with female
patients in mind, reflecting the higher prevalence of the
disease among women. Features such as self-examination
guides, symptom tracking, and community support net-
works are often tailored to women’s experiences. How-
ever, given that male breast cancer, while rare, presents
unique challenges—including delayed diagnosis and
distinct psychosocial needs—there is a potential gap in
digital health solutions for male patients. Developing or
adapting existing apps to include resources specific to
male breast cancer could improve awareness, early detec-
tion, and support for affected individuals.

Strengths and limitations

The study thoroughly evaluated breast cancer apps using
MARS and FARM tools, offering a well-rounded look
at their functionality, user engagement, and potential
issues. The selection of evaluators with a background in
health information technology ensured a standardized
and unbiased assessment based on validated tools. Their
expertise enabled a consistent application of MARS and
FARM, reducing variability in subjective ratings. The

(2025) 25:692

Page 15 of 17

research provided a nuanced understanding of app qual-
ity by including apps from major app stores. Structured
break intervals were implemented during the evaluation
sessions to mitigate the risk of evaluator fatigue. After
each hour of assessment, evaluators took a 15-20 min
break to rest, ensuring that fatigue did not affect the
scoring process and maintaining the integrity of the
evaluations. Prior research has indicated that prolonged
cognitive tasks, such as systematic app evaluations, can
lead to decreased attentional control and increased
variability in subjective ratings [26]. By incorporating
structured breaks, we aimed to minimize potential fluc-
tuations in scoring accuracy and reduce the likelihood of
bias introduced by evaluator fatigue.

Additionally, ensuring that all assessors resumed the
evaluation only when they confirmed their readiness
helped maintain consistency across assessments. This
methodological approach improved the reliability of the
MARS and FARM ratings and contributed to greater
inter-rater agreement, as reflected in the high ICC values
reported in Table 4. Future studies should further explore
the impact of fatigue on digital health app assessments
and consider implementing additional strategies, such as
rotating evaluators or using shorter assessment sessions,
to optimize scoring reliability.

However, certain limitations should be acknowledged.
The exclusion of non-English apps and reliance on key-
word searches may have restricted the scope, potentially
omitting valuable apps that could offer unique insights
into breast cancer management. Additionally, while the
study focused on apps available in Iran, which might limit
the generalizability of the findings to other regions, it
still provides critical insights applicable to broader con-
texts. Another limitation is the absence of direct patient
perspectives, which may limit the interpretability of app
features that could be more relevant to end-users than
experts. While our approach ensured methodologi-
cal rigor, future studies should consider incorporating
patient feedback to complement expert evaluations and
provide a more holistic assessment of app usability and
impact. Despite these challenges, the study offers impor-
tant insights that can help improve breast cancer man-
agement apps moving forward by identifying key areas
for enhancement and ensuring that future developments
align with expert and patient needs.

Conclusions

In the present study, breast cancer apps from the Google
Play Store and App Store were evaluated by four review-
ers using the MARS and FARM tools. The results showed
that most apps did not have issues like broken links or
inactive buttons, which earned them the highest scores.
However, some apps struggled with delivering accu-
rate and reliable information, with lower scores in user
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experience and information quality. While features such
as medication management and search functionality per-
formed well, there is room for improvement in offering
more engaging and informative content to enhance the
user experience.

The study’s strengths lie in the standardized evalua-
tion process conducted by experts in health information
technology, which ensured consistency and minimized
subjective biases. However, limitations such as exclud-
ing non-English apps, reliance on keyword searches,
and the absence of direct patient perspectives should be
considered when interpreting the results. Incorporat-
ing patient feedback in future research could provide a
more comprehensive understanding of app usability and
effectiveness.

Finally, these findings can help patients choose bet-
ter apps for managing their health. For doctors and
specialists, these apps could be valuable tools for track-
ing patient progress and providing additional resources.
Researchers can use these results to pinpoint the
strengths and weaknesses of the apps and explore ways
to improve health app development. Future apps can bet-
ter serve patients and healthcare providers in breast can-
cer management by addressing identified limitations and
enhancing user engagement and information quality.
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