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ABSTRACT

Background

The increasing prevalence of smartphone use presents a valuable opportunity to monitor
patients experiencing lower urinary tract symptoms (LUTS) and benign prostatic obstruction

(BPO) through well-designed medical applications.

Objectives

Primary: Assess the feasibility and the acceptability of a mobile app (MyBPHCare) for men

with LUTS/BPO.

Secondary: Capture medical adherence using electronic reminders, record if treatment

provided is in compliance with guidelines.

Design, Setting, and Participants

This observational cohort pilot study was conducted in Greece, Tiirkiye, and Italy, involving

men aged over 40 years with LUTS, either untreated or under treatment.

Patients with previous LUTS/BPO invasive treatment — pelvic surgery - radiotherapy, history
of neurological disease, history of bladder or prostate cancer, as well as patients unable to
provide informed consent, analphabet, unable to operate a smartphone / tablet / computer and

unable to understand the language were excluded.

Patients received standard care according to the physician’s practice. Duration was 6 months.

Standard questionnaires, diagnostic tools, medication, and follow-up visits were employed.

Quality of the app was assessed by the patients using a standardized, translated and validated

app rating user questionnaire known as the uMARS. No intervention was made.
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Results and Limitations

Overall, 68.15% filled in the uMARS questionnaire and the uMARS mean scores were: App
Quality (3.43), Engagement (3.21), Functionality (3.47), Aesthetics (3.37), and Information
(3.68), all ranging between “Acceptable” and “Good”. 96.3% of the participants would

recommend using the app.

Limitations of the study: younger patients were keener to participate, internet connection was

required.

Conclusions

The MyBPHCare app demonstrates potential as a feasible and well-accepted tool for virtually

monitoring men with LUTS/BPO.

Patient Summary

This study is the first to assess a digital app designed to manage a benign urological condition.

The results suggest that the app meets the criteria for potential feasibility.

11

Institutional Repository - Library & Information Centre - University of Thessaly
05/09/2026 15:52:25 EEST - 216.73.216.250



GENERAL PART ...cuuiiiiiiiiiiiiiiiiiiiiiiiiiiieiiiiieieieeitieiaciteietacsscsacnscncences 17

111 T 1 L1 1 17
Lower Urinary Tract Symptoms and Benign Prostatic Obstruction................ 22
2.1, INtroduction......cccceiieiieiiniiiiiieiiiiiieiieiiiiiieiiiiiiciatinicietintciesincenns 22
2.2.  Classification of LUTS.....cccceiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiciiieeeneens 22
2.3.  BPO and its Impact on LUTS.....ccciiiiiiiiiiiiiiiniiiiiiieiiinicinercenscsnnes 23
2.4. Complications of Untreated LUTS/BPO.....cccccccctviniiiiiiiiniiinniiinicnnnn 24
2.5. Diagnosis of LUTS and BPO......c.cccceeiiiiiiiiiiiiiiniiiieiiinicineisinrcsnneen 24
2.6. Management and Treatment Options for LUTS/BPO........................ 24
2.6.1. Lifestyle Modifications...........ouvviuiiiiiiiiiiii e 25

2.6.2. Pharmacological Treatment..............cooeviiiiiiiiiiiiiiiieeiaeenn, 25
2.6.2.1. Alpha-blockers..........cooviiiiiiiii 25

2.6.2.2. 5-alpha reductase inhibitors.............cccovviiiiiiiiiinnnnnn 27

2.6.2.3. Anticholinergics and beta-3 agonists.................ccevninnee. 28

2.6.2.4. Phosphodiesterase type 5 inhibitors...................oooeennee 30

2.6.3. Alternative Treatment — Phytotherapy..................ooooiiiiiii, 32

2.7.  LUTS medication adherence.......ccccoovieiiiiiiniiiiiiiiiieniciienieeiaeenene 33
Optimizing treatment efficacy and compliance — Looking into the future......... 37

12

Institutional Repository - Library & Information Centre - University of Thessaly
05/09/2026 15:52:25 EEST - 216.73.216.250



1 OBJECTIVES . ..itiiiiiiiiiiiiiiiiiiiiiiiiiiiiiietttiatiettetteatsestesatsassssasecnses 40
1.1 Primary...cccceeeiiieiiiiiiiiiiiiiiiiiiniiieiiieeiiesstosnsssessosssssssssnsosnsssnns 40

1.2 N 1) 1 0 P oy 40

2 RESEARCH METHODOLOGY ..cutiuiiuiiuiieiiiiiiniieiieiiiaiieciesisesseceecnsans 40
2.1, Study Design...ccciiieiiiiiiieiiiniiiieiiiniiiietiieiistitstctatssssssssssnssssnsons 40

2.2 Data Source / Data Collection.........ccceeiieiiniiiiiiiiiiiiiiiiiiiieiinennn 41

2.3. Study Population......ccceeviiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiasicicsnsicnenes 41

2.3. 1. Inclusion Criteria...........ooueiueiiuiieiii i 41

2.3.2. EXClusion Criteria...........ooueiueieiiiiiiiii e 42

2 T VA ) 4 1 1) UL 42

2.4.1. uMARS translation, adaptation and validation............................ 42

2.4.2. Primary Study Parameter/Endpoint................ccooiiiiiiiiiiiiinni 44

2.4.3. Secondary Study Parameters/Endpoints..................coeiiiiiiiiinn, 44

2.5. Sample Size/Power Calculations........c.ccceveviiiiiiiiiiiiiiiiiiiieiiienennnen. 45

3. DATA ANALYSIS CONSIDERATIONS.....ccttiiieiiiiiiiniieiieiiirnriaceecaccnsencens 47
3.1.  Subject Withdrawal........cccceiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiieeiecnae, 47

3.1.1. Replacement of Withdrawn Subjects.................cooiiiii. 47

3.1.2. Follow-Up of Withdrawn Subjects..............cooeiiiiiiiiiiiiiii 47

3.2. Premature Termination of The Study.......cccceevviiiiniiiiiiiiiiiiiiiiniinnn 47

13

Institutional Repository - Library & Information Centre - University of Thessaly
05/09/2026 15:52:25 EEST - 216.73.216.250



K 25 TR 221 114 10) 11172 15 (1) 1 VA e 48
STUDY CONDUCT, MANAGEMENT AND ETHICS......cccccoveiiiiniiniecnnnnn. 48
4.1. Regulation Statement.........ccoeveiiiiiiiniiiieiiiniiiiiieiiiniiiietienrcenscsenses 48
4.2. Recruitment and Consent.......ccoeeiiiiiniiniiieiiiiieiiiiieiieiiieiiecineeecn 49
4.2.1. Preferred Option........ccoviieiiiiiii i e 49

4.2.2. Alternative Option L.......ccooiiiiiiiiii e 49

4.2.3. Alternative Option 2........ciiiriiiiiii i 50

4.3, INCENEIVES..ccuiiiniiiiiiiiiiiiiiiiiiiiiiitiiiteiietiieteieetisecisesinsccncennans 50
4.4. Adverse Event (AE), Pregnancy Exposure, and Incident Reporting....... 50
4.4.1. AEsor Serious AES......co.oiiiiiiii 50

4.4.2. Pregnancy EXPOSUTIE........ovvinuiiiiii it 51

4.4.3. Data Safety Monitoring Board (DSMB)/Safety Committee............. 51

4.4.4. Summary of Known and Potential Risks and Benefits................... 51

4.4.5. Compensation for Injury...........cccooiiiiiiiiiiiiiii e, 52

4.4.6. Temporary Halt for Reasons of Subject Safety........................... 52

4.5. Legal Basis for Processing Individual Human Data.............cccceeneeene. 52
4.5.1. Data Safety......ooueiiiiii e 52

4.5.2. Data Sharing.........coiuiinii i 53
4.5.2.1. Annual Progress Report.............cooiiiiiiiiiiiiiiin.n. 53

4.5.2.2. Temporary Halt and Premature End of Study Report......... 54

14

Institutional Repository - Library & Information Centre - University of Thessaly
05/09/2026 15:52:25 EEST - 216.73.216.250



S. L ] 0 N 55

6. DISCUSSION .. itiitiiiiiiiiiiiitietititiatiettttetetatiactssascscisssssssssssassssnsencas 60

7. CONCLUSIONS. .. iiiiiitittiiiitieittieetitiaettetacieesstacsacsssasessssssssssssssscnns 65

8. REFERENCES....ccutitiiiiiiiiiiiiiiiiiiiiiitiiiiiiiitietietaciasiecsscssesssscsssacsscsssns 68

9. TABLES, FIGURES AND IMAGES.....cccciitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieieeenan 78

10. ANNEX 1: LIST OF STAND-ALONE DOCUMENTS.....cccevitiiiiiiiinrinnnnnnn 93
15

Institutional Repository - Library & Information Centre - University of Thessaly
05/09/2026 15:52:25 EEST - 216.73.216.250



16

Institutional Repository - Library & Information Centre - University of Thessaly
05/09/2026 15:52:25 EEST - 216.73.216.250



A. GENERAL PART

1. mHealth

Information and communication technologies (ICT) provide patients and healthcare
professionals with innovative ways to enhance well-being, promote preventive care, and
alleviate disease-related suffering. Over the past few decades, technological advancements
have led to a paradigm shift in healthcare delivery, offering more efficient, accessible, and
personalized solutions. Digital transformation in healthcare has accelerated, driven by the
growing need for efficient management of chronic diseases, enhanced patient engagement,

and the ability to deliver healthcare beyond traditional clinical settings.

The World Health Organization (WHO) defines eHealth as "the use of information and
communication technologies (ICT) for health" [1]. Within eHealth, mobile health (mHealth)
has emerged as a rapidly evolving subset. The WHO Global Observatory for eHealth
describes mHealth as "medical and public health practices supported by mobile devices, such
as mobile phones, patient monitoring devices, and other wireless technologies" [2]. This
definition encompasses a wide range of applications, from telemedicine to patient self-

monitoring and remote diagnostics.

Owing to its intuitive design and extensive adoption, mHealth is recognized as a crucial
instrument in facilitating patient-centered care. By integrating patient-reported preferences,
experiences, and outcomes, it effectively supports the core goals of contemporary healthcare
systems and global standards [3]. This approach fosters more meaningful patient-provider
interactions, improves health literacy, and encourages active participation in one’s own health

management.
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One of the key advantages of mHealth is its ability to deliver healthcare that transcends
geographical, temporal, and organizational barriers. By leveraging mobile technology,
healthcare services can reach underserved populations, including those in rural and remote
areas, where access to traditional healthcare facilities is limited. mHealth relies on scalable
solutions such as mobile apps and online platforms that can be accessed using widely
available devices like smartphones and tablets, reducing healthcare costs while increasing
efficiency. As a result, mHealth has the potential to foster socio-economic inclusion, enhance
equality, improve quality of life, and empower patients by increasing transparency and access
to services and information. Additionally, mHealth can support alternative methods of care
delivery, such as virtual consultations (telemedicine), which are particularly effective in

situations like disasters and pandemics (e.g., COVID-19) [4].

mHealth encompasses a wide range of applications, with successful, evidence-based
interventions including medication adherence, disease prevention, lifestyle modifications, and
remote diagnostics. For instance, text messaging interventions have proven effective in
smoking cessation programs, while mobile-based reminders help patients manage chronic
conditions like hypertension and diabetes by improving adherence to prescribed medications
[5]. In low-resource settings, mHealth has demonstrated its effectiveness in bridging
healthcare gaps. Mobile-phone-based clinical guidance for rural health providers in
developing countries has enabled timely diagnosis and management of various medical
conditions, ensuring that patients receive appropriate care [6]. The adaptability of mHealth
allows it to overcome geographical and environmental challenges, reaching communities

where access to clean water or electricity may be limited [7].

Furthermore, mHealth has a broad demographic appeal, as evidenced by its successful use in

promoting physical activity, encouraging healthy behaviors, and engaging both young and
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older adults in managing their health. Wearable devices that track physical activity, heart rate,
and sleep patterns empower users to take a proactive approach to their well-being. For elderly
patients, fall detection systems and medication reminders integrated into mobile applications

contribute to improved safety and adherence to treatment plans [8,9].

With the rise of the internet and electronic devices, many industries have embraced
digitalization, and healthcare is no exception. However, the healthcare sector has traditionally
been cautious in adopting digital solutions due to concerns related to patient confidentiality,
data security, and regulatory compliance. The implementation of electronic medical records
(EMRs) and other digital strategies has been a relatively recent development. While
healthcare applications aimed at the general public are widely available, most are educational
in nature. In the field of urology, for example, electronic applications are rarely developed by
healthcare professionals (13.4%) or urological associations (1.9%) [10], raising concerns

about their accuracy and clinical utility.

Recent literature highlights the lack of involvement of healthcare professionals in the
development of mobile health applications across various medical specialties, including
urology, despite evidence showing that their participation improves content accuracy,
increases app downloads, and fosters greater buy-in [11]. The growing number of available
healthcare apps presents a challenge in identifying safe, effective, and well-designed options.
Another concern is the involvement of commercial companies in the development of mHealth
solutions, raising questions about funding sources, conflicts of interest, and product
promotion biases [12]. Without proper oversight, there is a risk that commercial interests may
overshadow patient-centered care. To address these concerns, experts propose that healthcare
professionals play a central role in the design, development, review, certification, and

endorsement of mHealth applications. Establishing standardized guidelines for app
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development and evaluation can enhance the credibility and reliability of digital health

solutions [13].

In urology, as in other medical fields, mHealth is still in its early stages. Current applications
focus on enhancing and streamlining existing medical practices, such as patient self-
management and decision-making support. Shared decision-making models, which empower
patients to actively participate in their treatment plans, have been shown to improve
communication between patients and healthcare providers. Research indicates that cancer
patients who take an active role in healthcare decisions are more satistied with their choices
[14]. Despite the strong association between patient engagement and improved quality-of-life
outcomes—and its recognition as an ethical imperative, a health policy priority, and a
guideline-endorsed approach—shared decision-making remains underutilized in clinical

practice [15].

There is an urgent need to maximize the potential of health information technology, and
urology can play a pioneering role in this effort. Decision aids, such as interactive tools that
provide information on treatment options, risks, and benefits, can support shared decision-
making by increasing patient knowledge and encouraging a more active role in healthcare

decisions [16].

A recent systematic review analyzing the success and failure of eHealth interventions found a
direct link between design quality and outcomes [17]. When patients take an active role in
their healthcare decisions, they gain a greater sense of empowerment, leading to improved
adherence to treatment plans, better clinical outcomes, and lower healthcare costs. For
instance, an effectively implemented eHealth solution has demonstrated success in enhancing

glycemic control among diabetic patients. [18,19]. Patients increasingly favor decision-
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support tools over traditional care methods because these tools provide them with greater
confidence in their available healthcare options while simultaneously bridging gaps in their
understanding of medical conditions, treatments, and potential outcomes. These tools
empower individuals by presenting complex medical information in an accessible, user-
friendly manner, enabling them to make more informed and personalized healthcare
decisions. By fostering greater autonomy in the decision-making process, decision-support
tools contribute to a more engaged and proactive patient population, ultimately enhancing
adherence to treatment plans and improving overall health outcomes. This shift towards
digital healthcare solutions signifies a transformative move away from a passive patient

experience to one that is dynamic, interactive, and driven by informed choices.

In this context, mHealth seamlessly integrates with the principles of patient-centered care by
facilitating real-time communication, providing personalized health recommendations, and
offering easy access to medical resources and support systems. The rapid evolution of mobile
technology, artificial intelligence, and data analytics further enhances the capabilities of
mHealth, ensuring that healthcare services become more tailored, efficient, and responsive to
individual patient needs. As digital healthcare continues to advance, the future of patient
empowerment will increasingly be shaped by innovations in technology that enhance
accessibility, usability, and effectiveness. Enhanced connectivity, wearable health monitoring
devices, Al-driven health assistants, and interactive mobile applications will play a pivotal
role in making healthcare more patient-centric. These innovations will not only support better
health management but also foster a collaborative relationship between patients and
healthcare providers, ensuring that individuals have the tools they need to take an active role

in their well-being. Ultimately, the continued integration of mHealth solutions into
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mainstream healthcare systems will drive a new era of personalized medicine, where

technology serves as a bridge to more informed, engaged, and empowered patients [20].

2. Lower Urinary Tract Symptoms and Benign Prostatic Obstruction

2.1. Introduction

Lower urinary tract symptoms (LUTS) are a common set of urinary issues that affect both
men and women, although they are particularly prevalent in aging men due to benign prostatic
obstruction (BPO). LUTS prevalence is estimated to range from 15% to 60% among men
aged 40 years or older, with BPO affecting approximately 70% of men aged 60—69 years and
nearly 80% of those aged 70 years and older in the United States [21]. The impact of LUTS
on quality of life is profound, often surpassing that of other chronic diseases, as evidenced by

assessments using the 36-item Short Form Health Survey (SF-36) questionnaire [22,23].

2.2. Classification of LUTS

LUTS are broadly classified into three main categories: storage symptoms, voiding symptoms

and post-micturition symptoms.

Storage symptoms, also known as irritative symptoms, include frequent urination (a need to
urinate more often than usual during the daytime), nocturia (frequent nighttime urination,
which disrupts sleep patterns and can lead to fatigue), urgency (a sudden and strong need to
urinate that is difficult to delay), and urinary incontinence (involuntary leakage of urine,

which may range from mild dribbling to complete loss of bladder control) [24].
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Voiding symptoms, also known as obstructive symptoms, involve hesitancy (difficulty in
initiating urination despite the urge to void), a weak or slow urine stream (noticeable
reduction in urine flow strength), straining (the need to push or apply abdominal pressure to
initiate or maintain urination), and intermittency, (a stop-and-start pattern in urine flow, often

resulting in incomplete emptying) [24].

Post-micturition symptoms occur after urination and indicate incomplete bladder emptying or
persistent dribbling. They include post-void dribbling (the involuntary release of urine after
completing urination) and the sensation of incomplete bladder emptying (a feeling that the

bladder is not fully emptied, leading to repeated restroom visits) [24].

2.3.  BPO and its Impact on LUTS

Among the most common causes of LUTS in men is benign prostatic obstruction (BPO),
which results from the progressive enlargement of the prostate gland. As the prostate grows, it
can compress the urethra, leading to restricted urine flow. This obstruction can cause
significant voiding dysfunction. The exact cause of prostate enlargement is not fully
understood, but hormonal changes, particularly those involving testosterone and
dihydrotestosterone (DHT), play a key role in its development. Other contributing factors
include genetic predisposition, lifestyle choices, and metabolic conditions such as obesity and

diabetes [24].
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2.4. Complications of Untreated LUTS/BPO

If left unmanaged, LUTS caused by BPO can lead to serious complications, including urinary
retention, recurrent urinary tract infections (UTIs), bladder stones, and in severe cases, kidney
damage due to prolonged urinary obstruction. Acute urinary retention (AUR) is a particularly
distressing and painful condition in which a person suddenly becomes unable to urinate, often
requiring emergency catheterization to relieve the obstruction. Studies indicate that the risk of
AUR increases with age, with men over 70 facing a significantly higher likelihood of

experiencing this complication [24].

2.5. Diagnosis of LUTS and BPO

Diagnosing LUTS and BPO requires a comprehensive assessment, which typically includes a
patient history, physical examination, and various diagnostic tests. One of the most widely
used tools for assessing LUTS severity is the International Prostate Symptom Score (IPSS), a
questionnaire that evaluates symptom impact on daily life. A digital rectal examination (DRE)
is often performed to assess prostate size and consistency, while a prostate-specific antigen
(PSA) test may be conducted to rule out prostate cancer. Additional diagnostic tests such as
uroflowmetry, post-void residual volume measurement, and urodynamic studies can provide

further insight into bladder function and the extent of obstruction [24].

2.6. Management and Treatment Options for LUTS/BPO

The management of LUTS/BPO depends on symptom severity, patient preference, and overall

health status. Treatment options range from lifestyle modifications and medical therapy to
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minimally invasive procedures and surgical interventions.

2.6.1. Lifestyle Modifications

Mild LUTS can often be managed with simple lifestyle changes, such as reducing caffeine
and alcohol intake, maintaining a healthy weight, engaging in regular physical activity, and
avoiding excessive fluid consumption before bedtime. Bladder training exercises and pelvic

floor muscle therapy can also help improve urinary control [24].

2.6.2. Pharmacological Treatment
Pharmacological treatment is the most commonly used approach for managing LUTS due to

BPO. The primary classes of medications include:

2.6.2.1. Alpha-blockers

Alpha-blockers are one of the most commonly prescribed first-line pharmacological
treatments for lower urinary tract symptoms (LUTS) due to benign prostatic obstruction
(BPO). They work by relaxing the smooth muscle in the prostate and bladder neck, thereby
improving urine flow and reducing urinary obstruction. These medications provide rapid
symptom relief and are generally well-tolerated [25]. Alpha-blockers target alpha-adrenergic
receptors, specifically the al-adrenergic receptors found in the smooth muscle of the prostate,
bladder neck, and urethra. By blocking these receptors, the medications cause muscle
relaxation, leading to reduced urethral resistance, improved urine flow, and relief from

voiding symptoms such as hesitancy, weak stream, intermittency, and straining. However,
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alpha-blockers do not shrink the prostate gland itself; instead, they act on muscle tone to
alleviate symptoms. Because of this, they provide faster symptom relief than S5-alpha

reductase inhibitors but do not prevent long-term disease progression [25,26].

The Non-Selective Alpha-Blockers (Doxazosin, Terazosin, Prazosin - Older Generation)
block al receptors throughout the body, including in the blood vessels, which can lead to
systemic side effects like hypotension (low blood pressure). They are less commonly used for
LUTS today due to these side effects (higher risk of dizziness, orthostatic hypotension,

fatigue, and retrograde ejaculation) [27].

The Selective Alpha-1 Blockers (Tamsulosin, Alfuzosin, Silodosin - Newer Generation) target
alA-adrenergic receptors in the prostate and bladder neck, reducing urinary obstruction with
fewer systemic side effects compared to non-selective alpha-blockers [27]. Their benefits
include a reduced risk of hypotension compared to non-selective alpha-blockers, greater
uroselectivity as they primarily target the prostate rather than the overall cardiovascular
system, and rapid symptom relief, typically within days to weeks [27]. Potential side effects of
selective alpha-1 blockers include dizziness, particularly when standing up quickly due to a
drop in blood pressure (orthostatic hypotension), retrograde ejaculation, where semen enters
the bladder instead of being expelled through the urethra, and mild nasal congestion, which

may cause a sensation of nasal blockage or stuffiness [27].

Alpha-blockers offer several advantages, including rapid symptom improvement (often within
2-4 weeks), reduced urinary retention risk, improved urinary flow rate, and a less invasive
alternative to surgical options. Additionally, they can be combined with 5-alpha reductase

inhibitors for greater long-term benefits. Alpha-blockers are best suited for patients who need
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fast relief from LUTS. They work quickly and are well tolerated but do not shrink the
prostate, so symptoms may return if discontinued. Alpha-blockers are one of the most
effective and widely used treatments for LUTS/BPO, offering rapid symptom relief by
relaxing prostate and bladder neck muscles. However, they do not shrink the prostate, so

symptoms may return once the medication is discontinued [27].

2.6.2.2. 5-alpha reductase inhibitors

S-alpha reductase inhibitors (5-ARIs), such as finasteride and dutasteride, are commonly used
to manage lower urinary tract symptoms (LUTS) associated with benign prostatic obstruction
(BPO). These medications work by inhibiting the 5-alpha reductase enzyme, which is
responsible for converting testosterone into its more potent form, dihydrotestosterone (DHT).
Since DHT plays a key role in prostate growth, blocking its production results in a gradual
reduction in prostate size, typically by 20-30% over 6 to 12 months. As the prostate shrinks,

pressure on the urethra decreases, leading to improved urinary flow and symptom relief [28].

There are two main types of 5-ARIs: finasteride, which selectively inhibits type II 5-alpha
reductase and reduces DHT levels by approximately 70%, and dutasteride, which inhibits
both type I and type II 5-alpha reductase, making it more potent with a DHT reduction of
about 90%. Although dutasteride is more effective in shrinking the prostate, both medications

have similar side effect profiles [28].

The clinical benefits of 5-ARIs include significant prostate shrinkage, long-term symptom
relief, and a reduced risk of acute urinary retention and the need for surgery. Additionally,

these medications lower prostate-specific antigen (PSA) levels by approximately 50%, which

27

Institutional Repository - Library & Information Centre - University of Thessaly
05/09/2026 15:52:25 EEST - 216.73.216.250



has implications for prostate cancer screening. However, one of the key limitations of 5-ARIs
is their slow onset of action, as noticeable symptom improvement can take three to six
months. They are also associated with potential side effects such as erectile dysfunction,
decreased libido, reduced ejaculate volume, and, in some cases, mood changes and an
increased risk of depression. Moreover, because 5-ARIs suppress PSA levels, careful
monitoring is required to avoid masking potential cases of prostate cancer [29,30]. For men
with moderate-to-severe LUTS/BPH, combination therapy with an alpha-blocker, such as
tamsulosin, is often recommended for enhanced symptom relief and long-term benefits. While
alpha-blockers work quickly by relaxing prostate smooth muscle, 5-ARIs reduce prostate size
over time and prevent disease progression. An example of this combination therapy is the
fixed-dose formulation of dutasteride and tamsulosin, which has been shown to be more
effective than either drug alone [31]. 5-ARIs are most suitable for men with larger prostates
(typically >40 mL volume), those experiencing progressive BPO symptoms, or individuals at
risk of acute urinary retention. However, they may not be the best choice for patients who
require immediate symptom relief due to their delayed onset of action. Overall, 5-alpha
reductase inhibitors are an effective long-term treatment option for BPH, particularly when
combined with alpha-blockers, providing significant improvements in urinary symptoms and

reducing the likelihood of disease progression and surgical intervention [31].

2.6.2.3. Anticholinergics and beta-3 agonists

These play an important role in the management of lower urinary tract symptoms (LUTS),
particularly when bladder overactivity is a contributing factor. These medications are
primarily used in patients experiencing storage symptoms, including urinary urgency,

increased frequency, and urgency-related incontinence, which are often associated with
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overactive bladder (OAB). While LUTS can result from an enlarged prostate in men, bladder
dysfunction is also a significant factor, and addressing both components can improve patient

outcomes [32].

Anticholinergics, also known as muscarinic receptor antagonists, work by blocking the action
of acetylcholine on muscarinic receptors in the bladder. Acetylcholine is the neurotransmitter
responsible for stimulating bladder contractions during the process of voiding. When there is
excessive bladder muscle activity, such as in overactive bladder syndrome, this leads to
involuntary contractions, causing symptoms like urgency, frequency, and incontinence. By
inhibiting these contractions, anticholinergic medications help to increase bladder capacity

and reduce urgency episodes, allowing for better urinary control [32].

Some commonly prescribed anticholinergic medications include: Oxybutynin, Tolterodine,
Solifenacin / Darifenacin, Fesoterodine and Trospium. While anticholinergics are effective,
they are associated with potential side effects, particularly because muscarinic receptors are
found not only in the bladder but also in the salivary glands, gastrointestinal tract, and central
nervous system. Common side effects include dry mouth, constipation, blurred vision, and
cognitive impairment, particularly in elderly patients. Due to concerns about cognitive
decline, caution is advised when prescribing these drugs to older adults or individuals at risk

of dementia [33].

On the other hand, beta-3 agonists, such as mirabegron, offer a newer and more selective
approach to managing bladder overactivity with a better side effect profile compared to
anticholinergics. Beta-3 adrenergic receptors are primarily found in the detrusor muscle of the
bladder, and stimulation of these receptors leads to bladder relaxation during the filling phase.
Unlike anticholinergics, mirabegron does not inhibit bladder contractions directly but instead

enhances bladder storage capacity, reducing the urgency and frequency of urination while

29

Institutional Repository - Library & Information Centre - University of Thessaly
05/09/2026 15:52:25 EEST - 216.73.216.250



allowing for more controlled voiding [34,35]. Mirabegron offers several advantages over
anticholinergics, including fewer systemic side effects, as it does not significantly affect
salivary glands or the central nervous system. Unlike anticholinergics, it has no impact on
cognitive function, making it a safer option for older adults at risk of dementia. It is also better
tolerated, with lower rates of dry mouth and constipation, and has minimal effects on heart

rate and blood pressure, though caution is advised in patients with uncontrolled hypertension.

In clinical practice, both anticholinergics and beta-3 agonists can be used alone or in
combination to manage storage symptoms in LUTS. For patients who do not respond
adequately to a single medication, a combination therapy (such as mirabegron plus
solifenacin) may be more effective in controlling urgency, frequency, and incontinence while
minimizing side effects. Additionally, these medications can be used in combination with
alpha-blockers or 5-alpha reductase inhibitors when LUTS is caused by both bladder

dysfunction and prostate enlargement [35, 36].

2.6.2.4. Phosphodiesterase type 5 inhibitors

Phosphodiesterase type 5 (PDES) inhibitors, commonly used to treat erectile dysfunction
(ED), have gained increasing attention as a therapeutic option for lower urinary tract
symptoms (LUTS) associated with benign prostatic obstruction (BPO). Medications such as
tadalafil, sildenafil, vardenafil, and avanafil have been shown to improve LUTS by enhancing
smooth muscle relaxation in the lower urinary tract, leading to improved urinary flow and

symptom relief [37].

The mechanism of action of PDES inhibitors in LUTS management is based on their ability to

increase cyclic guanosine monophosphate (cGMP) levels by inhibiting the PDES5 enzyme,
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which is highly expressed in the prostate, bladder, and vascular endothelium. This leads to
smooth muscle relaxation in the bladder, urethra, and prostate, reducing urinary symptoms
such as urgency, frequency, hesitancy, and weak urine stream. Additionally, PDES5 inhibitors
improve pelvic blood flow and endothelial function, which may contribute to better bladder
function and overall lower urinary tract health [37]. Among PDES inhibitors, tadalafil (5 mg
daily) is the only one currently approved for the treatment of both BPH-related LUTS and
erectile dysfunction. Studies have shown that daily tadalafil significantly improves
International Prostate Symptom Score (IPSS) and urinary flow rate, making it an effective
alternative or adjunct to traditional treatments such as alpha-blockers and 5-alpha reductase
inhibitors. Unlike alpha-blockers, which primarily relieve voiding symptoms, PDES inhibitors
have been found to improve both voiding and storage symptoms, making them particularly

beneficial for patients with BPH and overactive bladder (OAB).

The clinical benefits of PDES inhibitors in LUTS/BPH treatment include improved bladder
and prostate smooth muscle tone, enhanced blood circulation in the lower urinary tract, and
reduced inflammation and fibrosis, which are key factors contributing to LUTS. Furthermore,
PDES inhibitors are well tolerated and do not cause significant orthostatic hypotension, a
common side effect of alpha-blockers, making them a viable option for men with coexisting

LUTS and ED who may not tolerate traditional therapies well.

However, there are some limitations to the use of PDES inhibitors in LUTS treatment. While
they improve urinary symptoms, they do not shrink the prostate like 5-alpha reductase
inhibitors and may not be effective in men with severe prostatic enlargement. Additionally,
PDES inhibitors can cause side effects such as headache, flushing, nasal congestion, and
dyspepsia. They should also be used with caution in patients taking nitrates or alpha-blockers,

as the combination can lead to a significant drop in blood pressure [38].
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In clinical practice, combination therapy involving PDES inhibitors and alpha-blockers or 5-
alpha reductase inhibitors may be recommended for men with moderate-to-severe LUTS who
also suffer from erectile dysfunction. Research suggests that the combination of tadalafil with
tamsulosin provides superior symptom relief compared to either medication alone, making it a

promising approach for patients requiring comprehensive LUTS management [39].

2.6.3. Alternative Treatment - Phytotherapy

Phytotherapy, or the use of plant extracts, has been explored as a treatment option for lower
urinary tract symptoms (LUTS), particularly in men with benign prostatic obstruction (BPO).
These herbal preparations are derived from various plant parts, including roots, seeds, bark,
pollen, and fruits. They may be used as mono-preparations (single plant extracts) or
combination preparations that include multiple plant-based compounds. Some key active
components found in these extracts include phytosterols, -sitosterol, fatty acids, and lectins,
which have been studied for their potential anti-inflammatory, anti-androgenic, and estrogenic
effects. Laboratory studies suggest that plant extracts may also inhibit 5-alpha reductase, o-
adrenoceptors, and oxidative stress, which could contribute to their proposed benefits in
LUTS management. However, their precise mechanism of action in humans remains unclear
[40]. The efficacy of phytotherapy is complicated by the variability in extraction methods and
product formulations. Different brands of the same plant extract may contain inconsistent
concentrations of active ingredients, leading to variations in biological effects. For instance,
Serenoa repens (saw palmetto) is one of the most widely used plant-based therapies for
LUTS, but clinical studies have reported mixed results [41]. A meta-analysis of 30
randomized controlled trials (RCTs) involving over 5,000 men found that Serenoa repens was

not superior to placebo, finasteride, or tamsulosin in improving LUTS severity, urinary flow
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(Qmax), or prostate size [42]. Further studies comparing hexane-extracted Serenoa repens
(HESr) with alpha-blockers showed comparable improvements in International Prostate
Symptom Score (IPSS) and Qmax, supporting its potential role as an alternative or adjunctive
therapy [43]. The European Medicines Agency (EMA) has established the Committee on
Herbal Medicinal Products (HMPC) to regulate herbal treatments. According to the EU herbal
monographs, Serenoa repens has been classified under “traditional use”, meaning there is
sufficient historical evidence supporting its safety, but well-established efficacy data is
lacking. However, hexane-extracted Serenoa repens (HESr) has been recommended for "well-
established use", warranting further clinical evaluation. Despite this, the lack of
standardization across products and inconsistencies in study endpoints (such as variations in

IPSS measurements) limit broad clinical recommendations [44].

2.7. LUTS medication adherence

European studies have shown that approximately 74.9% of patients diagnosed with Lower
Urinary Tract Symptoms (LUTS) associated with Benign Prostatic Obstruction (BPO) receive
some form of pharmacological therapy as the primary approach to symptom management and
disease control [45]. This high percentage underscores the reliance on medical treatment as
the standard of care for addressing LUTS/BPO. However, despite the widespread adoption of
pharmacotherapy, medication adherence continues to pose a significant challenge within this
patient population. Many individuals fail to fully grasp the critical importance of maintaining
consistent treatment adherence, often underestimating its role in achieving optimal symptom

relief and preventing disease progression.
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One of the key barriers to successful medical management lies in the difficulty patients
experience in sustaining long-term adherence to their prescribed medication regimens. This
challenge frequently leads to treatment discontinuation, which, in turn, results in the
resurgence or worsening of symptoms. Studies examining this phenomenon provide sobering
insights: research conducted in the Netherlands revealed that 26% of patients discontinued
their pharmacological therapy prematurely, highlighting the fragile nature of patient
commitment to long-term medication use. Similarly, a study from California reported that
only one-third of patients adhered to their initially prescribed medication regimen, reflecting a
broader trend of poor compliance. Furthermore, long-term adherence to any LUTS-related
medication was found to be as low as 40%, which is particularly concerning given the chronic
and progressive nature of the condition. However, interestingly, data suggests that patients
prescribed multiple medications demonstrated better adherence; approximately 62% of these

patients remained compliant with at least one of their prescribed treatments [46,47].

A comprehensive evaluation of 38 systematic reviews published between 1990 and 2005,
focused on interventions aimed at improving patient adherence to medical treatments. The
review categorizes adherence interventions into four main types: technical, behavioral,

educational, and multi-faceted or complex [48].

Technical interventions, such as simplifying dosage regimens or improving medication
packaging, consistently showed positive effects on adherence across various diseases.
However, these approaches generally lacked a solid theoretical explanation of why they work,

highlighting a need for further exploration in this area.

Behavioral interventions, including the use of reminders, incentives, monitoring, and
feedback, were also found to be effective. These strategies align well with behavioral theories

that focus on stimulus-response mechanisms and reinforcement. For example, financial
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incentives and reminder systems improved appointment keeping and medication adherence,

particularly among patients prone to forgetfulness.

Educational interventions, aimed at increasing patient knowledge about their disease and
treatment, demonstrated moderate success. While they improved knowledge and had some
positive effects on adherence, their impact often diminished over time. Theoretical
foundations of educational approaches were mixed, drawing from communication models,
cognitive theories, and self-regulation frameworks. However, many educational programs
were poorly described, making it difficult to identify which components contributed most to

their success.

Multi-faceted or complex interventions, combining elements of technical, behavioral, and
educational strategies, showed greater effectiveness than single-focus approaches but were
often labor-intensive and resource-demanding. The review also noted limited research on
affective interventions focusing on empathy and emotional support, suggesting this area

warrants further investigation.

One of the key findings of the review is the lack of comparative studies that explicitly
evaluate the relative effectiveness of different theoretical models or intervention components.
This gap makes it challenging to determine which approaches are most powerful in improving
adherence. Additionally, the majority of studies had short follow-up periods, making it

difficult to assess the sustainability of adherence improvements over the long term.

In conclusion, it is implied that structured, multi-faceted treatment strategies, especially when
combined with robust patient education and support, may enhance adherence rates and
ultimately improve clinical outcomes. Future research should prioritize developing and testing

clear theoretical models, conducting comparative studies, and focusing on long-term
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adherence outcomes. Collaboration between medical, psychological, and technical fields is
recommended to better understand the mechanisms behind effective adherence interventions

and to design more robust and sustainable strategies [48].

The consequences of poor medication adherence extend well beyond mere persistence of
symptoms. Inadequate management of LUTS/BPO significantly increases the risk of disease
progression, leading to a cascade of potentially severe complications. If left untreated or
poorly controlled, BPO can cause a gradual worsening of urinary symptoms, an increased
likelihood of recurrent urinary tract infections (UTIs), and even deterioration of renal function
due to the persistent strain on the urinary system. One of the most serious complications is the
development of acute urinary retention (AUR)—a painful, sudden inability to urinate that

requires immediate medical attention.

Cohort studies evaluating BPO outcomes have reported a cumulative incidence of AUR of 6.8
per 1000 person-years over a five-year period. Alarmingly, the risk of AUR increases
substantially with age, with incidence rates rising to 10% among men aged 70-79 years
within the same timeframe [49,50]. This data underscores the heightened vulnerability of
elderly populations to severe urinary complications when treatment adherence falters. The
onset of AUR often necessitates urgent interventions, such as urinary catheterization or
surgical procedures, which not only elevate the healthcare burden but also negatively impact

the patient’s overall quality of life.

Ultimately, these findings highlight the critical need for healthcare providers to actively
promote medication adherence through personalized treatment plans, patient counseling, and
ongoing monitoring. By addressing these challenges, there is potential to significantly
improve clinical outcomes, reduce the risk of complications, and enhance the long-term well-

being of patients suffering from LUTS/BPO.
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3. Optimizing treatment efficacy and compliance — Looking into the future

Given these challenges, there is an increasing emphasis on the need for objective and
systematic monitoring of patient health outcomes to optimize treatment efficacy and prevent
complications. The International Prostate Symptom Score (IPSS) remains one of the most
widely utilized tools for assessing the severity of LUTS/BPO. However, a critical limitation
of the IPSS is its reliance on subjective patient perception, which can introduce variability in
treatment evaluation. Additionally, because the IPSS is traditionally completed on paper
during in-person consultations, opportunities for continuous monitoring and early intervention
are often missed. Real-time collection of patient-reported data could significantly enhance
clinical decision-making, allowing healthcare providers to detect symptom deterioration early
and make timely adjustments to treatment plans. Patients with stable symptoms may not
require frequent in-person visits, whereas those experiencing worsening LUTS could benefit

from closer monitoring and prompt medical intervention.

The COVID-19 pandemic served as a catalyst for the rapid adoption of telemedicine and
remote healthcare solutions, fundamentally reshaping the traditional approach to patient
management. During the pandemic, non-urgent and non-life-threatening urological
conditions, including LUTS/BPO, were deprioritized, leading to delays in routine care and
underscoring the critical need for alternative patient monitoring strategies [51]. Telemedicine
has since emerged as a viable and effective solution, enabling virtual consultations, remote

symptom tracking, and improved access to medical guidance [52].

With the increasing ubiquity of smartphones and portable electronic devices, there is a
growing opportunity to integrate digital health solutions into LUTS/BPO management. These
technologies offer a cost-effective and scalable means of enhancing symptom tracking,

treatment adherence, and patient engagement. Several digital interventions have demonstrated
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the potential to improve patient outcomes. For instance, mobile applications designed for
medication adherence provide automated reminders, reducing forgetfulness and reinforcing
treatment consistency. Digital symptom tracking tools, such as electronic versions of validated
assessment scales—including the IPSS, International Index of Erectile Function (IIEF), and
SF-36—allow patients to record their symptoms remotely, enabling clinicians to monitor their
progress in real-time. Moreover, personalized feedback mechanisms based on patient-reported
data can further engage individuals in their treatment, fostering improved self-management

and better long-term health outcomes.

Telemedicine and virtual consultations also play a critical role in modern LUTS/BPO
management, allowing for timely and efficient communication between patients and
healthcare providers. This approach not only reduces the burden of unnecessary hospital visits
but also ensures that those with worsening symptoms receive immediate medical attention.
The ability to combine digital health monitoring with conventional treatment pathways
presents an opportunity to create a hybrid model of care that optimizes both accessibility and

effectiveness.

Looking ahead, the future of LUTS/BPO management lies in leveraging advancements in
digital health technologies, artificial intelligence (Al), and big data analytics to enhance
predictive modeling, automate treatment recommendations, and develop smart medication
adherence strategies. By embracing these innovations, healthcare providers can revolutionize
the management of LUTS/BPO, reducing the disease burden, improving treatment outcomes,
and ultimately enhancing the quality of life for millions of individuals affected by these

conditions.
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B. SPECIFIC PART

This pilot study evaluated the feasibility and acceptability of use of a mobile app for men
presenting to their urologist with LUTS/BPO who are either under treatment or who may
require medical therapy for the first time. The app is called MyBPHCare and was created by
Ydeal®. Via this app, physicians record their patients’ baseline characteristics and
comorbidities. Patients record their urinary symptoms, sexual function, and quality of life by
completing the IPSS, IIEF-15, and SF-36. They also record their daily medication intake after
receiving automated reminders from the app. This allows physicians to monitor adherence
levels and identify any inconsistencies or missed doses. If a patient exhibits low or irregular
compliance, the physician can promptly reach out via the built-in MyBPHCare Messenger to
provide guidance or intervention. Similarly, patients have the option to communicate with
their physicians through the Messenger for any concerns or questions related to their
medication. All recorded information is securely transmitted and stored in a data management
system using an encrypted connection, ensuring privacy and data protection. Advancements in
healthcare are fueled by strong collaborations. This is a project of uCARE, which is the
Research Office of the Société Internationale d’Urologie (SIU), in which five participating
centers from Greece, Spain, Italy, Tiirkiye, and Portugal were intended participants, with Dr.
Stavros Gravas from Greece leading this research. The final study comprised data from

patients in Greece, Italy, and Tiirkiye only.
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1. OBJECTIVES

1.1.  Primary

The primary objective of this study is to evaluate both the feasibility and acceptability of a
mobile health application (MyBPHCare) specifically designed for men who present to their
urologist with lower urinary tract symptoms (LUTS) associated with benign prostatic
obstruction (BPO). The target population includes patients who are currently undergoing
treatment as well as those who are newly diagnosed and may require medical therapy for the

first time.

1.2.  Secondary

1. To monitor medication adherence through the use of electronic reminders.
2. To record whether physicians' treatments align with guideline recommendations.
3. To evaluate the communication between physicians and supervising urologists.

2. RESEARCH METHODOLOGY

2.1.  Study Design

This was an observational cohort pilot study conducted at three centers in three countries: 1)
the Institute for Monitoring of Urogenital Diseases in Larissa, Greece; 2) the Istanbul Medipol
University in Tiirkiye; and 3) the University of Florence in Italy. Patients presenting at their
physician’s office with LUTS/BPO symptoms were eligible for participation if they were
LUTS/BPO treatment-naive or under treatment. The included subjects received standard care
for their symptoms according to the physician’s practice.

The duration of the pilot study was 6 months for every included subject. As this was an

observational cohort study, standard diagnostic tools, medication, and follow-up visits were
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employed. In addition, several questionnaires were completed at the beginning and end of the

study for information collection (See Figure 1).

2.2. Data Source / Data Collection
Sources of data included information inputted by physicians on the MyBPHCare app as well
as completion of patients reported outcome measures (PROM) questionnaires, inputted by

patients on the MyBPHCare app and the evaluation questionnaires (hard copy).

2.3.  Study Population

The study population included men, aged > 40 yrs presenting at their physician’s office with
LUTS/BPO symptoms at one of three centers in three countries (Greece, Tirkiye, and Italy).
The original design of the study included participation by centers in Spain and Portugal.
These centers, unfortunately, were unable to participate in the final analysis. The Spanish
center failed to recruit any participants, and the data from patients recruited in the Portuguese
center could not be included because they failed to validate a Portuguese translation of the
user Mobile Application Rating Scale (uUMARS). Participating physicians and patients were

from the same country as their participating center.

2.3.1. Inclusion Criteria
In order to be eligible to participate in this study, patients met all of the following criteria:

e Male

Age >40

Bothersome LUTS
e No previous LUTS/BPO invasive treatment

e Inpossession of a smartphone, tablet, or computer with internet connection
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e Access to email
e Fluent speaking and reading of the national language

e Signed informed consent

2.3.2. Exclusion Criteria

Potential patients who met any of the following criteria were excluded from participation in
this study:

e Previous LUTS/BPO treatment with surgery

e Previous pelvic surgery or radiotherapy

e History of neurological disease

e History of bladder or prostate cancer

e Unable to provide informed consent

e Analphabet

e Unable to operate a smartphone / tablet / computer

e Incapable of understanding the language in which information for the patient is given

2.4. Variables

2.4.1. uMARS translation, adaptation and validation

To assess feasibility, acceptance, and satisfaction with the MyBPHCare app, including the
subjective quality and perceived impact, patients completed a standardized and validated app
rating user questionnaire known as the uMARS [53].

The questionnaire is included in Annex 1.

In order to be employed in all countries participating in this study, it was necessary to use

translations of the uMARS into Turkish, Italian, and Greek.
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There is published evidence for the validity of the Italian, Turkish and Greek translations

[54,55,56].

We aimed to translate and validate the User Version of the Mobile Application Rating Scale
(uMARS) into Greek, addressing the growing need for standardized tools to assess mobile
health (mHealth) applications. The Mobile App Rating Scale (MARS) was developed in 2015
as a structured and validated tool to assess health app quality, and its simplified version,
uMARS, allows end-users to evaluate applications. Despite its international adoption, a
Greek-language version had not been developed before this study, making it difficult for

Greek-speaking users to assess mHealth apps effectively.

To ensure accurate translation and adaptation, the study followed the WHO guidelines for
cross-cultural adaptation, consisting of multiple phases. The process began with a forward
translation of the original English uMARS by two bilingual native Greek speakers (one with a
medical background and one without) to ensure the most accurate representation of both
medical and general terminology. A consensus discussion among researchers refined the
translation, ensuring that the meaning remained as close as possible to the original version. A
backward translation into English was then performed by another bilingual expert to check for
consistency. Finally, the original developers of uMARS reviewed the translation to verify its
accuracy and provided feedback, which was incorporated into the final Greek version. This
rigorous translation and validation process aimed to ensure that the Greek uMARS was both

linguistically accurate and culturally appropriate.

For validation, the study recruited 91 medical students from the University of Thessaly, all
native Greek speakers. The participants tested the Greek uMARS using "UTHme", a non-
medical university app that was chosen due to its interactive features resembling those

commonly found in mHealth apps, such as notifications, tracking, and engagement tools. The
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study required participants to use the app for one month and then complete the Greek uMARS
questionnaire twice—once at the end of the first month and again after 4-6 weeks. This test-

retest process helped assess the tool’s reliability and consistency over time [56].

2.4.2. Primary Study Parameter / Endpoint

The primary study parameter was determined by calculating percentage of patients who
completed the study and the qualitative assessment of the app via questionnaires. The
MyBPHCare app was determined to be Definitely Feasible if the study was completed by
>T70% eligible patients, Possibly Feasible if completed by 50-69% eligible patients, or Not
Feasible if completed by <50%.

The uMARS questionnaire provided an overall mean score as well as an Engagement sub-
score, Functionality sub-core, aesthetics sub-score, and Information sub-score. In addition, it
provided Subjective Quality and Perceived Impact scores. Descriptive statistics were used to

assess these parameters.

2.4.3. Secondary Study Parameters/Endpoints

To assess medication adherence, data were collected by the MyBPHCare app on medication
intake, as reported by the patient. The percentage of medication adherence was calculated as
the total days of medication adherence registered in the application divided by the total
number of days of participation in this study.

To assess physician compliance with guidelines, data were collected by the MyBPHCare app
on the treatment choices of the physician. The percentage of agreement between treatment
started by physicians and suggestions by the current guidelines was calculated.

Initially, the plan was to have physicians also complete questionnaires, to evaluate

communication between physicians and supervising urologists. Unfortunately, this portion of
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the study was eliminated because of differences in national healthcare systems. In Italy,
Greece, and Tiirkiye, patients can visit urologists without a referral from a GP. Only
experienced urologists participated in the study, and they did not need to communicate with
the national supervisor for assistance. In Portugal, patients are obliged to visit GPs first before
seeing a urologist, but data from the Portuguese site were not included in the final analysis
due to their failure to validate a Portuguese version of the uMARS.

An overview of the questionnaires used in this study are presented on Table 1. The IPSS is an
8-item questionnaire about LUTS. A score of 0-7 indicates mild symptoms, 8-19 indicates
moderate symptoms, and 20-35 indicates severe symptoms. The IIEF is a 15-item
questionnaire about erectile function. Top scores for each domain range from 10-30, which
higher scores indicating better functioning. The SF-36 is a 36-item questionnaire about
general quality of life. A shorter version (SF-12) contains 12 questions. Each domain is
scored from 0-100, with a higher score defining a more favorable health state. These
questionnaires can be found in Annex 1.

It is important to note that electronic versions of the IPSS [57] as well as the IIEF-5 and IIEF-
15 and SF-36 have been validated against the paper version [58,60]. In addition, a systematic
review and meta-analysis has demonstrated equivalence between electronic and paper
administration of patient-reported outcome measures for studies conducted between 2007 and

2013 [60].

2.5.  Sample Size/Power Calculations
There is little published guidance on pilot trial sample size. Sample sizes between 24 and 50
have been recommended [61,63]. As this study is set up as a pilot study and there is a paucity

of data to guide sample size calculation, a traditional sample size analysis has not been
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performed. Instead, a confidence interval (CI) approach was utilized to determine the
necessary sample size for assessing feasibility.

According to the predefined primary endpoints, the app is considered Definitely Feasible if at
least 70% of eligible patients with lower urinary tract symptoms (LUTS) due to benign
prostatic obstruction (BPO) successfully complete the study. To determine the appropriate
sample size needed to establish feasibility, a confidence interval (CI) approach was used.

A 95% confidence interval was applied to estimate the proportion of eligible patients expected
to complete the assessment form. Key statistical parameters included a margin of error (ME)
of 0.05, a lower bound of the CI set at 0.70, and an expected completion rate of 75%, which
was derived based on an informed assumption. These values guided the calculation of the
necessary sample size for the pilot study.

Using a well-established formula for calculating a 95% confidence interval for a single
proportion—p + 1.96 Vp(1-p)/n, where “p” represents the estimated proportion of interest and
“n” denotes the sample size—the minimum required sample size was determined to be at least
75 patients. This sample size ensures that the study has sufficient statistical power to assess
the feasibility of the app while maintaining a reasonable level of precision in estimating the
true completion rate among eligible participants.

Since the study was initially designed to be conducted in five countries and communication
between physicians was also evaluated, it was decided to double the sample size to 200
patients. This increased the power of the study allowed for the evaluation of the secondary
objectives. Unfortunately, due to unforeseeable circumstances, two of the five original study
sites were not included in the final analysis. The Spanish site was unable to recruit any
subjects, and the Portuguese site failed to validate a Portuguese version of the uMARS
questionnaire. Thus, we were left with a sample size of 157 which is still double of the

required sample size for the primary endpoint.
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3. DATA ANALYSIS CONSIDERATIONS

3.1.  Subject Withdrawal

Participants had the right to voluntarily withdraw from the study at any time, for any reason,
without facing any penalties or adverse consequences. Their decision to discontinue
participation would not affect their medical care or any other entitlements.

Additionally, the study investigators retained the authority to withdraw a participant if
deemed necessary for urgent medical reasons. This could include situations where continued
participation posed a risk to the participant's health or well-being, or if new medical
conditions emerged that made further involvement inappropriate. In such cases, investigators
would assess the situation carefully and ensure that appropriate medical support or alternative

interventions were provided as needed.

3.1.1. Replacement of Withdrawn Subjects

Subjects who withdrew from the study were replaced by new subjects.

3.1.2. Follow-Up of Withdrawn Subjects
Subjects withdrawn from the study continued to be followed by their primary care provider

and received standard of care according to the physician’s practice.

3.2. Premature Termination of The Study

Since the study is observational in nature and the app does not interfere with or alter the
standard medical care provided to patients, the likelihood of prematurely terminating the
study was considered minimal. Unlike interventional studies, which may involve

experimental treatments or procedures that could introduce unforeseen risks, this

47

Institutional Repository - Library & Information Centre - University of Thessaly
05/09/2026 15:52:25 EEST - 216.73.216.250



observational study solely focuses on monitoring and assessing patient adherence and
outcomes without modifying their usual course of treatment.

Furthermore, because the app functions as a supplementary tool rather than a determinant of
clinical decisions, its use does not pose any additional medical risks or ethical concerns that
might necessitate early study termination. Given these factors, researchers concluded that
there was no significant threat to study continuity, ensuring a stable and reliable data

collection process throughout the research period.

3.3. Randomization

As this study was an observational cohort study, randomization was not applied.

4. STUDY CONDUCT, MANAGEMENT AND ETHICS

Treatment was administered based on the standard clinical practices followed by the treating
physicians. As this study was purely observational, it did not interfere with or influence the
medical decisions regarding patient care. Physicians continued to provide treatment as they
normally would, ensuring that patient management remained consistent with established

medical guidelines and individual clinical judgment.

4.1. Regulation Statement

This study was conducted according to the principles of the Declaration of Helsinki (2013
version, date 4-7-2017), in accordance with the Medical Research Involving Human Subjects
Act (WMO), Good Clinical Practice (ICH-GCP), and in compliance with the approved

research protocol.
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Participating centers obtained ethical approval at their local Institutional Review Boards
(IRBs). Amendments are changes made to the research after the IRB approval. The local IRB
committees were notified of all amendments, and updated information was also uploaded on

ClinicalTrials.gov.

4.2. Recruitment and Consent

4.2.1. Preferred Option

Eligible subjects were selected by participating physicians. The WMO recommends a time
period of approximately seven days between subject informing and inclusion, but as we
recruited patients directly from participating physicians’ practices, it was not considered
feasible to make them wait seven days to start treatment. It was considered unreasonable to
expect patients to wait to receive therapy, and this waiting period would result in a change in
therapeutic strategy as a direct result of participation in the study.

The solution employed was to inform patients about the study when they were in contact with
the clinic to make their appointment, which usually took place at least one to three days prior
to the appointment itself. During the consultation, the physician decided whether the patient
met the inclusion criteria. If so, the patient was included immediately.

In our opinion, this approach is acceptable, as this study is observational, and we anticipated
only positive effects of participation. Furthermore, it was possible for subjects to quit at any

time.

4.2.2. Alternative Option 1:
An alternative recruitment strategy was for the physician to determine whether the patient was
eligible for the study during the consultation, without first informing the patient about the

study at the time the appointment was arranged. Eligible subjects completed the

49

Institutional Repository - Library & Information Centre - University of Thessaly
05/09/2026 15:52:25 EEST - 216.73.216.250



questionnaires using the app on their phone or iPad at the physician’s office. The physician
then informed the patient about the study and prescribed the adequate medical treatment. The
patient was then contacted seven days later to return the informed consent (IC) form, if he
agreed to participate in the study. Patients downloaded the app, and physicians downloaded
the same app but with a different interface, to access the version for physicians and

supervising urologists.

4.2.3. Alternative Option 2:

During the COVID-19 pandemic, patients already undergoing treatment were offered the
chance to participate in the study. They were informed about the study during their phone
consultations. The IC and information packages were sent by email to the patient. The patient
was contacted seven days later to return the IC form, if he agreed to participate in the study.
Patients downloaded the app, and physicians downloaded the same app but with a different

interface, to access the version for physicians and supervising urologists.

4.3. Incentives

This study was free of charge for every patient. There were no special incentives provided.

4.4. Adverse Event (AE), Pregnancy Exposure, and Incident Reporting

4.4.1. AEs or Serious AEs

Adverse events (AEs) were defined as any unintended or unfavorable occurrences
experienced by a participant during the study, regardless of whether they were deemed related
to the investigational product. Since patients were receiving well-established, standard
medical treatment, the management of AEs followed national guidelines and protocols to

ensure appropriate care and intervention..
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4.4.2. Pregnancy Exposure
As there were no women of childbearing potential included in this study, there was no

pregnancy exposure risk.

4.4.3. Data Safety Monitoring Board (DSMB) / Safety Committee
Since this was an observational study in which patients were treated according to the
physician’s standard practice, no safety concerns were expected. Consequently, a DSMB was

not utilized in this study.

4.4.4. Summary of Known and Potential Risks and Benefits

As this was an observational study design, there were no direct risks for the patient associated
with participation in this study. Physicians were asked to provide treatment in line with their
standard practice with respect to medication selection and follow-up frequency. As a result,
quality of care remained unaffected, with no additional risks. As the app provided warnings
for non-answered questions, it only had the potential to increase the quality of information
obtained on patient welfare. The daily medication reminder was intended to increase
medication adherence. The app was also designed to ease information exchange between
physicians and the supervising urologist. Thus, there were no direct risks for the patients
associated with participation in this study. Indeed, there was only potential for them to benefit
from using the study app in the form of improved therapy adherence and better symptom
follow-up.

There is a risk security risk inherent in use of digital technology to collect and share
confidential patient information. Maximal risk reduction for data hacking was reached by

implementation of all relevant guidelines and laws (see Section 4.5.1 Data Safety).
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4.4.5. Compensation for Injury
As this was an observational study and therapy was prescribed based on standard clinical

practice, there was no compensation for injury.

4.4.6. Temporary Halt for Reasons of Subject Safety

The sponsor had the authority to suspend the study if there were valid concerns that its
continuation could compromise the health or safety of participants. In such a case, the sponsor
would promptly inform the accredited Medical Ethics Review Committee (METC) of the
temporary suspension, providing a clear justification for the decision. The study would remain
on hold until the METC issued a positive decision allowing it to resume.

Additionally, the investigator was responsible for ensuring that all participants were kept
informed about the situation. However, given that this study was purely observational and did
not involve experimental interventions, no safety risks were anticipated, and no safety

concerns were observed throughout the study.

4.5. Legal Basis for Processing Individual Human Data

4.5.1. Data Safety

Data security and privacy were rigorously ensured throughout the study. To maintain a high
level of data protection, the app directed participants to a secure, validated, web-based
platform to complete questionnaires. This ensured that sensitive health information was
collected in a controlled and protected digital environment. All submitted data were
immediately stored in a dedicated data management system (DMS), eliminating any risk of
data loss or unauthorized local storage on user devices.

The DMS, along with the app supplier, adhered to strict international standards for medical

data storage and security. Both entities were certified under ISO 9001 (quality management),
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ISO 14001 (environmental management), and ISO 27001:2013 (information security
management), demonstrating compliance with industry best practices. Additionally, the
system met the stringent data protection regulations established by the European
Commission’s General Data Protection Regulation (GDPR) and the United States Health
Insurance Portability and Accountability Act of 1996 (HIPAA). These certifications and
regulatory alignments ensured that patient data remained secure, confidential, and accessible
only to authorized personnel.

Medication reminders were managed autonomously by the app, ensuring that users received
timely notifications without manual intervention. Data related to medication adherence were
temporarily stored on the user’s device for a short period, solely for operational functionality.
Once an internet connection became available, this data was automatically and securely
transmitted to the DMS. Importantly, questionnaire responses were never stored locally on the
device at any point, further safeguarding participant privacy. All communications between the
app and the DMS were encrypted, preventing unauthorized access and ensuring the integrity
of transmitted data. These robust security measures collectively reinforced the reliability,

confidentiality, and compliance of the study’s data handling processes.

4.5.2. Data Sharing

4.5.2.1. Annual Progress Report

The sponsor and investigator have committed to submitting an annual progress report to the
accredited Medical Ethics Review Committee (METC). This report includes key updates such
as the date the first participant was enrolled, the total number of participants recruited, and the
number of participants who have successfully completed the trial. Additionally, the report

provides details on any serious adverse events (SAEs) or serious adverse reactions, along with
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any other significant issues encountered during the study. Any amendments made to the trial

protocol are also documented to ensure transparency and regulatory compliance.

4.5.2.2. Temporary Halt and Premature End of Study Report

The investigator and sponsor have committed to informing the accredited Medical Ethics
Review Committee (METC) about the study’s conclusion within eight weeks of its
completion, which is defined as the last visit of the final participant.

Additionally, the sponsor has agreed to promptly notify the METC in the event of a temporary
suspension of the study, providing a clear explanation for the decision. In the case of an early
termination, the sponsor will inform the METC within 15 days, outlining the reasons for
discontinuation.

Furthermore, within one year of the study’s completion, the investigator and sponsor will
submit a comprehensive final report detailing the study’s findings. This report will include
any relevant publications, abstracts, or other related materials, ensuring full transparency and

compliance with regulatory requirements.

4.5.2.3. Public Disclosure and Publication Policy

The study was registered on clinicaltrials.gov (ID: NCT03228485).

The sponsor and investigator acknowledge the importance of publishing the key findings of
clinical trials in a peer-reviewed journal. They are committed to conducting publication
activities responsibly and ethically, ensuring that all relevant study information is
communicated transparently and in a timely manner.

Furthermore, all principal investigators are required to adhere to the uCARE guidelines
concerning authorship, publication standards, data access, and transfer agreements, ensuring

compliance with best practices in scientific reporting and collaboration.
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5. RESULTS
Regarding the first part of this study, this consisted of the translation and validation of the
User Version of the Mobile Application Rating Scale (uMARS) into Greek, addressing the

growing need for standardized tools to assess mobile health (mHealth) applications.

The results demonstrated high internal consistency (Cronbach’s alpha = 0.86), indicating that
the Greek uMARS reliably measures the quality of an app. Furthermore, test-retest reliability
was high across all subscales, confirming the stability of responses over time. Even though
the validation was conducted using a non-health app, the selected app’s interactive features
made it a suitable test case, as many mHealth apps incorporate similar elements like

reminders, tracking systems, and notifications.

The findings of this study emphasize the growing Greek app market and the need for
standardized tools to evaluate health-related applications. The successful validation of the
Greek uMARS provides researchers, healthcare professionals, and developers with a reliable
tool to assess the quality of health apps, contributing to better-informed decisions regarding
app use. Despite some limitations, such as the choice of a non-medical app for validation and
a study sample limited to medical students, the research confirms that uMARS is a valuable
instrument for evaluating mobile applications in Greek. Future studies could focus on
applying the Greek uMARS to actual medical applications to further strengthen its role in
mHealth research and app development in Greece. The validated Greek version of uMARS is
now available for use in future mHealth studies, helping improve the quality and reliability of

health applications for Greek-speaking users.

Results of 24 patients who participated in this observational study at a single center in Italy
while under lockdown from COVID-19 (March 2020 - April 2020) have previously been

reported [64].
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The demographic characteristics of the full study population are presented in Table 2. Among
the 157 patients included in the study, 83 (53%) were from Italy, 37 (24%) were from Greece,
and 37 (24%) were from Tirkiye. Patients’ mean age was 58.71 (range: 42-90) years, and
mean body mass index (BMI) was 27.07 (range: 21.05-40.91) kg/m2. Mean maximum flow
rate (Qmax) was 11.34 (6.80-15.00) mL/s, mean prostate-specific antigen (PSA) was 1.90
(range: 0.26-7.45) ng/mL, mean post-void residual (PVR) was 78.40 (range: 10-380) mL, and
mean prostate volume (Vprost) was 48.42 (14-107) mL.

Nearly half of participants (42.7%) had a large prostate on digital rectal exam (DRE).
Common comorbidities were hypertension (32.7%) and hypercholesterolemia (32.7%). In
addition, 11.9% of patients had diabetes mellitus (see Table 3).

Overall, 68.15% (107 out of the total 157) of patients filled in the uMARS questionnaire (see
Figure 2). The percentage of patients who filled in the UMARS in Greece, Italy and Tiirkiye
was 83.8%, 63.9% and 62.2%, respectively. The difference between the countries reached
close but did not achieve statistical significance (p=0.064).

Mean scores on the uMARS with respect to App Quality (3.43), Engagement (3.21),
Functionality (3.47), Aesthetics (3.37), and Information (3.68) were all the range between
“Acceptable” and “Good” (see Table 4 and Figures 3 & 4). In addition, 96.3% of the
participants would recommend using the app, whereas only 3.7% of the participants would
not recommend the app to anyone. Overall, 34.5% of participants reported that they would
definitely not pay for this app. Most patients (80.3%) were prescribed an a-blocker
monotherapy for their LUTS/BPO symptoms (see Table 5). The combination of an a-blocker
with SARI was given to 8.3% of the patients, and phytotherapy in 5.7%. Monotherapy with
PDES-I, 5ARI and combinations of a-blocker with phytotherapeutic agent and a-blocker with

antimuscarinic were offered in 2.5%. 1.3%. 1.3 and 0.6%, respectively. Tamsulosin was the
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most preferred a-blocker monotherapy (38%) followed by silodosin (28.6%), alfuzosin
(25.4%) and doxazosin (7.9%).

Notably, a-blockers were given by urologists as initial therapy in patients who were
treatment-naive, even though according to their baseline characteristics and treatment
guidelines, they were eligible for different therapies. The median prostate volume was 46ml
and patients with a prostate volume larger than 40 ml represented 61% of the study
population. Guidelines recommend the use of a SARI in men at risk of progression (e.g.
prostate volume >40ml) however, only 9.6% of the total patients received a SARI (either as
monotherapy or in combination). In addition, even in men with predominant storage
symptoms (15.2%), treatment with antimuscarinic was offered in only one case in
combination with a-blocker (0.6%), although guidelines recommend treatment with AM or
b3-agonist.

Compliance with prescribed medication, as measured by the proportion of the time
participants confirmed via the app that they had taken their medication (following an
automated reminder) was 47.85%. (see Figure 5). As expected, rates of compliance were
higher among those who completed the uMARS, compared with those who did not (51.90%
vs. 35.44%).

Mean scores on the IPSS, IIEF, and SF-36 at each study timepoint are presented in Figures 6,
7, and 8, respectively.

Regarding Figure 6, the bar chart presents the Mean IPSS Total Scores and Sub-scores by
Timepoint, showing data from three different time points: baseline (T=0), first follow-up
(T=1), and six-month follow-up (T=6).

The IPSS Total Score, which assesses the severity of lower urinary tract symptoms, starts at
13.11 at baseline and slightly decreases to 12.44 at T=1, remaining nearly unchanged at 12.43
at T=6.
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Examining the Voiding Sub-score, which measures issues related to micturition, the initial
value is 7.77 at baseline, dropping to 7.35 at T=1, before slightly increasing to 7.39 at T=6.
The Storage Sub-score, which reflects storage-related urinary symptoms, follows a similar
trend, decreasing from 5.34 at baseline to 5.09 at T=1 and remaining almost stable at 5.1 at
T=6.

Regarding Figure 7, the bar chart presents the Mean IIEF (International Index of Erectile
Function) Sub-scores by Timepoint, comparing data across three different time points:
baseline (T=0), first follow-up (T=1), and six-month follow-up (T=6). The five subdomains
analyzed - Erectile Function, Orgasmic Function, Sexual Desire, Sexual Satisfaction, and
Overall Satisfaction - provide a comprehensive evaluation of sexual health over time.

The Erectile Function sub-score starts at 22.26 at baseline, increases slightly to 23.4 at T=1,
and then stabilizes at 22.94 at T=6.

The Orgasmic Function sub-score remains fairly stable, with values of 8.03, 7.96, and 8.35 at
T=0, T=1, and T=6, respectively.

Similarly, Sexual Desire scores show minor fluctuations (7.28 — 7.06 — 7.38) throughout
the study period.

The Sexual Satisfaction sub-score exhibits a slight peak at T=1 (9.44 — 9.64) before
decreasing slightly at T=6 (9.32).

The Overall Satisfaction sub-score, however, shows an upward trend from 6.99 at baseline to
7.4 at T=1, reaching 7.88 at T=6.

Regarding Figure 8, the SF-36 sub-score analysis provides insights into the participants'
perceived health-related quality of life over time, comparing baseline (T=0,) with the six-
month follow-up (T=6).

Physical Functioning shows a moderate increase from 87.89 at T=0 to 92.2 at T=6.
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The Physical Health Problems score, which measures limitations in daily activities due to
physical health, sees an improvement from 81.58 to 94.00.

Similarly, Emotional Health Problems improve significantly, increasing from 80.85 to 90.67.
This improvement aligns with gains in Emotional Role Functioning (66.44 to 75.72) and
Social Activities (77.11 to 87.5).

The Vitality sub-score, which measures energy levels and fatigue, increases from 62.68 to
71.2. This improvement is complemented by a rise in the Pain sub-score (84.84 to 91.2).

The General State of Health sub-score increases from 63.63 to 72.00.

Subgroup analyses, such as stratifying participants based on treatment status, medication type,
or baseline severity, could provide valuable insights into whether the observed changes
remain consistent across various patient profiles. By identifying potential variations in
response patterns, these analyses could help determine whether certain subgroups experience
more pronounced benefits or challenges compared to others. Furthermore, they may uncover
differential effects that could be masked in the overall analysis, leading to a more nuanced
understanding of treatment efficacy and patient outcomes.

In addition to subgroup analyses, conducting larger-scale studies with a more homogeneous
cohort would be essential to validate the trends reported in this study. A well-defined,
standardized patient population would minimize confounding variables and enhance the
reliability of the findings, thereby strengthening the generalizability of the results. Larger
sample sizes would also improve statistical power, allowing for more robust conclusions

regarding the effectiveness of specific interventions.
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6. DISCUSSION

As the healthcare system recovers from the COVID-19 pandemic, it will be important to
develop remote tools to facilitate an individualized approach to care that minimizes the need
for face-to-face visits. The European Association of Urology (EAU) has formally recognized
this need. Their guidelines on male LUTS explicitly recommend remote consultations for
assessment and follow-up when feasible during the COVID-19 era [65]. However, relying on
mail and telephone calls to share data carries the risk of inaccuracies and the possibility of
overlooking important clinical information. A digital platform accessible by both patients and
clinicians provides the opportunity to input data in real-time, reducing risk of recall error.
Automated reminders decrease the likelihood that information will be overlooked. A digital
platform also affords clinicians the opportunity to review the data at any time, providing the
opportunity for a rapid response.

Use of technology to monitor patients in real time, with the possibility of transmitting data to
clinicians, has gained traction in a number of clinical settings. Notably, smartwatches that
detect atrial fibrillation and other arrhythmias have boomed in popularity and continue to
improve in terms of diagnostic accuracy [66]. These devices often have features that allow for
direct streaming of data to platforms accessible by clinicians, as do glucose monitors
(including wearable continuous glucose monitors) [67] and continuous positive airway
pressure machines [68]. All of these devices provide the opportunity for clinicians to follow
patients without seeing them in-person, and there is evidence that this feature can improve
patient adherence as well as outcomes and quality of life [68].

The use of a smartphone app for the management of asthma [69] and obesity [70,71] has also
been evaluated. In the context of asthma therapy, a dynamic, real-time, interactive mobile app

was shown to support knowledge translation at the patient and provider levels [69].
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With regard to obesity, use of an app that incorporated goal setting, self-monitoring of diet
and activity, and feedback was found to be feasible [70]. In a randomised trial, delivery of
behavioural interventions via a smartphone app was found to be a feasible tool for self-
monitoring when used in combination with behavioural counselling [71].

This is the first study to evaluate use of a digital app to manage a benign urological disorder.
A small pilot study of a subset of 24 participants from this study treated in Italy during the
COVID-19 pandemic lockdown demonstrated excellent adherence to study. The full dataset
of 157 patients from Italy, Greece, and Tiirkiye confirms these findings, with 68.15% of
patients completing the uMARS questionnaire. This meets the criteria for “Possibly Feasible”
(50-69%) and approaches the criteria for “Definitely Feasible” (>70%), as defined in the
study protocol. In addition, almost all participants (96.3%) report that they would recommend
use of the app to others. In addition, mean ratings of the features of the app were all in the
“Acceptable” to “Good” range.

The present study reported some interesting findings related to the current practice for the
management of men with LUTS. Monotherapy with a-blockers was the preferred treatment in
the majority of the patients (80.3%). Such an approach is in line with the results from real life
studies [72]. However, it shows once again that there is a discrepancy between the current
Guidelines and real-life practice, since most patients with progression criteria (prostate
volume > 40ml) were not receiving treatment with a disease modifying 5-ARI (either in
monotherapy or in combination with an a-blocker) as per clinical guidelines. In addition,
physicians preferred to initially prescribe a-blockers instead of antimuscarinics in patients
with predominant storage symptoms.

Another interesting finding was that monotherapy with a-blocker was the only treatment
given to the Turkish participants in the study. No patient in Italy received treatment with

antimuscarinics and no patients in Greece received monotherapy with SARI. Although the
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sample size per country is rather small to draw robust conclusions, these results indicate a
variation in clinical practice.

The compliance with medication in the present study was 47.85% as captured by the App. A
study on drug adherence in patients receiving pharmacological therapy to treat LUTS/BPH
reported a drug adherence rate of 32% and 23% at 6 months and 12 months [73]. Drug
adherence was evaluated using the Medication Adherence Questionnaire [73].

This study offers several advantages, including the use of self-reported validated
questionnaires, which have been assessed for reliability both in a digital format and in
translations to the local language. These questionnaires provide an accurate and standardized
method for collecting patient data. Additionally, the study incorporates scheduled medication
reminders, which help improve adherence and ensure patients take their prescribed treatments
consistently. Another key benefit is the ability for patients to communicate directly with their
physicians through Messenger, facilitating timely medical guidance and support. Furthermore,
the MyBPHCare app is available for patients to download free of charge, making it accessible
to a wider population without financial barriers. To ensure the confidentiality and security of
user data, the app employs robust encryption measures, safeguarding personal and medical
information against unauthorized access. These features enhance the overall effectiveness and
reliability of the study while prioritizing patient convenience and data security

Limitations of the study include the fact that younger patients were keener to participate in
this study. This may reflect a general trend among younger people to embrace digital
technology ahead of older people. Also, the use of an app for patient follow-up is only
feasible among patients with some background familiarity with mobile devices and apps as
well as in geographic locations where access to a stable internet connection is widely
available, in order to ensure timely receipt of reminders and messages. Nevertheless, the

MyBPHCare app was specifically designed with ease of use in mind.
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Moreover, there were some challenges regarding the timing of reminders. The app generates
reminders 2 hours after the scheduled time for the patient to take their medication. For
patients that take their medication before bed, which is common for male LUTS/BPO drugs,
that reminder could appear while the patient was asleep. We also experienced problems with
missing data in the follow-up visits because some patients were not willing to complete the
questionnaires. There was variability regarding this issue among the participating centers,
demonstrating the importance of appropriate patient selection. Notably, this problem is not
unique to app-based studies. Finally, many patients expressed a preference for direct
communication with their physician when they encountered a problem, rather than via the
integrated messenger system.

There were also some challenges with respect to subject recruitment. The COVID-19
pandemic introduced unique challenges, as patients could not be recruited via outpatient
clinics during lockdown. This necessitated a novel approach to patient recruitment, such as
letters to the editor in local newspapers. This required an expansion of the protocol, from
recruiting only treatment naive patients to also accepting those under treatment. Ultimately,
the proposed Spanish site of the study was unable to recruit any subjects, and a failure to
validate a Portuguese version of the uMARS meant that patients recruited from this site could
not be included in the analysis.

Future studies are required to evaluate the effect of the MyBPHCare app on patient adherence
to therapy for LUTS/BPO and costs. There is a need for a randomised controlled trial
comparing patients using the app with those who undergo classic in-person follow-up, to
assess impact on treatment adherence as well as to assess the costs of in-person vs virtual
follow-up of patients, such as transportation and time off work, as well as to healthcare

systems. In addition, future studies should expand the use of digital platforms for patient
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follow-up, using new tools and potentially linking findings directly to electronic medical
records (EMR) systems.

For instance, Arjona et al have developed UroSound, a smartwatch-based platform that
performs non-intrusive sound-based uroflowmetry. They have demonstrated that their
constructed model achieves a good correlation between acoustic and standard uroflowmetry
with regard to voiding shape. It also has the capacity to extract relevant voiding parameters
and facilitates the collection of a voiding diary by measuring multiple uroflows during the day
and night [74]. Technology such as UroSound could be incorporated into the MyBPHCare
app to expand the amount on information collected for each patient.

Further research into the utility of predictive models using data collected from virtual
platforms such as the MyBPHCare app are being explored. Gravas et al used predictive
modelling to determine how well baseline age, total IPSS score, PSA, Vprost, voiding
volume, and PVR predicted IPSS and AUR/BPO-related surgery among 9167 men with
LUTS/BPO at risk of progression who were participants in clinical trials for dutasteride and
tamsulosin, alone or in combination. Their findings suggest that predictive modeling using

large datasets, combined with an interactive, web-based educational tool (www.bphtool.com)

for visualizing individual risk profiles, can enhance the understanding of how various risk
factors for disease progression interact and influence treatment responses. They conclude that
these insights further emphasize the significance of a personalized approach to managing
LUTS/BPH [75]. Integrating such predictive models into the app could provide patients with
more detailed information and a visual representation of their potential response to treatment,

improving decision-making and patient engagement.
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7. CONCLUSIONS

The preliminary findings of this study provide strong evidence supporting the feasibility,
practicality, and clinical relevance of the MyBPHCare app as a novel digital health solution
for the remote monitoring and management of benign urological conditions, particularly
lower urinary tract symptoms (LUTS) associated with benign prostatic obstruction (BPO). By
using intuitive technology to facilitate seamless remote data collection, MyBPHCare reduces
the necessity for frequent in-person consultations while maintaining continuous patient
monitoring and enabling timely medical interventions. This innovative approach aligns with
the broader shift toward telemedicine and personalized digital healthcare, offering a scalable,
patient-centered model for long-term disease management.

A significant strength of MyBPHCare lies in its multifaceted functionality, which extends
beyond data collection to actively enhance patient adherence, engagement, and
communication with healthcare providers. One of its most impactful features is the automated
medication reminders, designed to address the common challenges of long-term
pharmacological management in LUTS/BPO patients. Poor adherence to prescribed
treatments is a well-documented issue in this patient population, and by integrating structured
reminders, the app helps achieve better compliance, ultimately improving clinical outcomes.
Additionally, MyBPHCare serves as a communication bridge between patients and their
healthcare teams. This capability fosters real-time, interactive disease management, enabling
physicians to make informed clinical decisions based on continuous patient-reported data
rather than periodic in-person assessments. By providing symptom tracking, early
intervention, and individualized treatment adjustments, the app gives patients the chance to
take an active role in their own care while allowing healthcare providers to deliver more

precise and responsive interventions.
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The high levels of acceptability, usability, and practicality reported by patients in this study
further underscore the clinical potential of MyBPHCare as a scalable digital health tool for
men with LUTS/BPO. These findings are consistent with the growing body of evidence that
highlights the transformative role of telemedicine, a field that has undergone rapid
expansion—particularly following the COVID-19 pandemic, which accelerated the global
adoption of virtual healthcare solutions.

The integration of digital health technologies into standard urological practice marks a
paradigm shift in the delivery of care, moving toward more accessible, efficient, and patient-
friendly models. By reducing the burden of hospital visits and in-person follow-ups, virtual
platforms such as MyBPHCare not only improve patient convenience but also optimize
healthcare resource utilization, allowing clinicians to prioritize high-risk cases while still
maintaining oversight of lower-risk patients through digital channels.

As personalized medicine and data-driven healthcare continue to shape the future of medical
practice, urologists and healthcare providers should actively explore and adopt virtual follow-
up strategies for managing benign urological diseases, including LUTS/BPO. The findings
from this study suggest that MyBPHCare has the potential to become a cornerstone of digital
urology, offering a comprehensive and technology-driven approach to patient monitoring.
Further enhancements to the app could incorporate emerging digital health innovations to
improve its diagnostic and predictive capabilities.

For example:

Sound-based uroflowmetry could be integrated to provide objective urinary flow assessments,
eliminating the need for in-clinic uroflowmetry tests.

Artificial intelligence-driven predictive models could enhance risk stratification, enabling

clinicians to personalize treatment plans based on real-time patient data and historical trends.
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Wearable health technologies could be synchronized with the app, providing continuous

physiological monitoring and further refining remote disease management.

By embracing such advancements in digital health, MyBPHCare and similar technologies

could contribute to a more holistic, integrated framework for virtual urological care,

ultimately leading to better clinical outcomes, improved patient engagement, and reduced

healthcare system burdens.

While these initial findings are promising, ongoing research and validation are essential to

fully realize the potential of MyBPHCare and other digital health solutions in urology.

Future studies could focus on:

e Assessing the long-term clinical efficacy and cost-effectiveness of digital platforms for
LUTS/BPO management.

e Investigating the scalability of virtual care models across diverse patient populations.

e Evaluating user experience and engagement metrics to refine app functionalities.

e Exploring integration with electronic health records (EHRSs) to enhance interoperability
within routine clinical workflows.

e Examining potential synergies with biometric and wearable technologies to provide a
more comprehensive and real-time monitoring system.

By advancing telemedicine research and optimizing digital health strategies, the urological

community can make significant strides in redefining the management of benign urological

conditions. The evolution of tools like MyBPHCare represents a pivotal step toward a more

connected, efficient, and patient-centric future, reinforcing the role of technology-driven

medicine in shaping the next generation of urological care.
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9. TABLES, FIGURES AND IMAGES

Figure 1: Questionnaire completion & patient follow-up during the 6-month study.

T=6 months

Eventually
regular follow-

T=0 Inclusion + T=1 to 3 months
standard care Eventually

regular follow-up

*Questionnaires *Questionnaires *Questionnaires
*|PSS + IIEF + *|PSS + lIEF *|PSS + IIEF +
SF-36 SF-36
*QOutcome

questionnaire
for patient and
physician

IIEF, International Index of Erectile Function; IPSS, International Prostate Symptom Score; SF-36, 36-item
Short Form Health Survey; T=0, time of study inclusion; T= 1-3 at 1-3 months; T=6, at 6 months/study end
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Table 1: Questionnaires, time of completion, and estimated duration of completion

Questionnaire Time of Completion Estimated Duration | Completed by
of Completion
IPSS Study inclusion (T=0) 5 minutes Patient

1-3 months (T=1-3)
Study end (T=6)

IHEF Study inclusion (T=0) 5 minutes Patient
1-3 months (T=1-3)
Study end (T=6)

SF-36 Time of inclusion (T=0) 10 minutes Patient
Study end (T=6)
uMARS Study end (T=6) 20 minutes Patient

IIEF, International Index of Erectile Function; IPSS, International Prostate Symptom Score;
SF-36, 36-item Short Form Health Survey; T=0, time of study inclusion; T=1-3 at 1-3 months; T=6, at 6
months/study end; uMARS, user version of the Mobile Application Rating Scale

79

Institutional Repository - Library & Information Centre - University of Thessaly
05/09/2026 15:52:25 EEST - 216.73.216.250



Table 2: Baseline Characteristics — Total and by Region

Total (N=157)

Italy (n=83)

Greece (n=37)

Tiirkiye (n=37)

Variable Mean (Range) | SD Mean SD Mean SD Mean SD
(Range) (Range) (Range)
Age 58.71 (42-90) 9.06 61.53 (42-90) 9.10 60.62 (42-76) 8.85 52.03 (43-63) 5.14
BMI (Kg/mz) 27.07 (21-41) 3.73 27.34  (21.47- | 3.65 27.72 (21-40) 4.28 26.14 (21-34) 3.10
40.91)
Vprost (mL) 48.42 (14-107) 19.18 50.00 (23-85) 15.97 | 53.88 (23-107) 20.41 40.62 (14-73) 16.53
Qmax (mL/s) 11.34 (6.8-15.0) | 2.35 12.09 (6.8-15.0) | 2.69 10.34 (6.8-15.0) | 2.26 12.52 (9.8- | 1.67
15.0)
PVR (mL) 78.40 (10-380) 70.70 | 73.33 (10-247) 57.97 | 60.68 (11-250) 44.66 112.30 (18- | 100.78
380)
PSA (ng/mL) 1.90 (0.3-7.5) 1.52 1.93 (0.7-6.0) 1.71 2.41(0.4-7.5) 1.63 1.30(0.3-5.6) 1.02
Glucose 112.65 (76-370) | 46.75 100.17 (90-110) | 8.50 105.03 (76-162) | 16.29 154.5 (96-370) 113.68
(mg/dL)
Waist Circ. | 99.44 (55-144) 12.41 98.94 (55-144) 13.26 100.94 (73-138) | 14.17 | 98.26 (81-115) | 9.17
(cm)

BMI, body mass index; Qmax, fastest flow rate; PSA, prostate-specific antigen, PVR, post-void residual;

SD, standard deviation; Vprost, prostate volume
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Table 3: Comorbidities — Total and by Region

Total Italy Greece Tiirkiye
Large Prostate on DRE | 42.7 50.0 514 27.0
(%)
Hypertension (%) 32.7 40.5 52.8 5.4
Hypercholesterolaemia 32.7 514 44.4 2.7
(%)
Diabetes Mellitus (%) 11.9 13.9 16.7 5.4

DRE, digital rectal examination
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Table 4: uMARS results (N=107)

Institutional Repository - Library & Information Centre - University of Thessaly

05/09/2026 15:52:25 EEST - 216.73.216.250

uMARS components Mean (Range) SD

Engagement sub-score 3.21(1.0-5.0) 0.83

Functionality sub-score 3.47(1.5-5.0) 0.68

Aesthetics sub-score 3.37(1.33-5.0) 0.74

Information sub-score 3.68(2.5-5.0) 0.69

Overall App quality 3.43 (1.9-5.0) 0.64
82




Figure 2: Percent of Patients who Completed the uMARS --
Total and by Region
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uMARS, user version of the Mobile Application Rating Scale
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Figure 3: Components of Each App Feature, As Measured by uMARS
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Figure 4: Mean Responses to uMARs
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uMARS, user version of the Mobile Application Rating Scale
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Table 5: Drugs Prescribed for LUTS/BPH Total and by Region

Drug Combination Total N=157 | Italy (n=83) Greece Tiirkiye
Number (%) (n=37) (m=37)

a-blocker 126 (80.3) 61 28 37
a-blocker + 5-ARI 13 (8.3) 10 3 0
Phytotherapy 9.7 5 4 0
PDES5-inhibitor 4 (2.5) 3 1 0
5-ARI 2(1.3) 2 0 0
a-blocker + AM 1 (0.6) 0 1 0
(l;lbyl:)octll(lzl;'apy ’ 2(1.3) ? ’ ’

5-ARI, 5a-Reductase inhibitor; AM: Antimuscarinic; PDES, phosphodiesterase 5
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Figure 5: Compliance With Prescribed Medication --Overall
and by Completion of uMARS
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Figure 6: Mean IPSS Total Scores and Sub-scores by Timepoint
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IPSS, International Prostate Symptom Score; T=0, time of study inclusion; T= 1-3 at 1-3 months; T=6, at 6

months/study end.

*A total score of 0-7 indicates mild symptoms, 8-19 indicates moderate symptoms, and 20-35 indicates severe

symptoms.
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Figure 7: Mean IIEF Sub-scores by Timepoint
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IIEF, International Index of Erectile Dysfunction; T=0, time of study inclusion; T= 1-3 at 1-3 months; T=6, at 6
months/study end

*Top score / highest level of function=30
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Figure 8: Mean SF-36 Sub-scores by Timepoint
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SF-36, 36-item Short Form Health Survey; T=0, time of study inclusion; T=6, at 6 months/study end.

*Scores for each domain range from 0 to 100, with a higher score defining a more favorable health state
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10. ANNEX 1: LIST OF STAND-ALONE DOCUMENTS

1. uMARS - Greek version

Odnyieg xpriong:

O kputég Ba mpémet:

1. No xpnoWoTomcoVV TNV EQOPHOYN Kot Vo T 00KIHAcoVV 01e£0d1kd Yo TovAdyiotov 10
Aemtd.

2. Na kaBopicovv mOco €OKOAN lval 6T YPNON GG, TOGO KOAL AEITOVPYEL Kol KATA TOGO
TPOYLOTOTOLEL AL T TTOV 1YVPIleTan OTL KAVEL

3. No a&loroyncovv cag puOpicelg cog EQOpPUOYNG, GOG TANPOPOPIES TOV KOTOGKELOOTH,

00 EMTEPIKOVG GUVOEGOVGS, TO XUPUKTNPIOTIKO OGPAAELNG KTA.

BaOuoroynon

A: M£é60g Opog EvaoyOMOoNG = ..c.ovviieiiiiiiiiineeene,
B: Mé60g Opog Ae1ToupytkOTNTOC= «oonvvevnieeiiaiieeienn,
I': Mé60G Opog AGONTIKIG = «.eveniiiiiiiiieieeee

A: Mécog Opog ITANpo@opilog *= .. ..ooiiiiiiiiiiiieean,
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* E€apéote amd tov vmoAoyiopd tov HEGou 6pov GG EPOTNGELS Tov £xovv Pabuoioyndel pe

«M/A — Mn AwBéoyioy.

Méoog Opog [1o10tTNTog EQUPROYNG «vevvriennieiniiinnrennnn =A+B+I'+A/4

H KAipoxa Ymokepevikng Iowwmrtoag cog spappoyns pmopet va avoaeepfel og empépovg

otoyeio 1 g LEGOG OPOG AVAAOYO LE GOG OKOTOVS GAG EPEVVAG.

Ta otoyein mov apopodv v Aviiknmty Emidpaon pmopel va mpocoppoctodv kot va
xpPNopoTomBovv yo va AneHodv mAnpopopieg ®G 6aG TO TAOS 0 XPNOTNG avTILauPdveTot TNV
EMIOPOOT GOG EPAPLOYNG GOG YVAGELS, GOG OTAGELS Kol GOG TPOOEGEIC TOV AVAPOPIKA LE TN

GLUTTEPLPOPA VYELOG - GTOYO.
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KAiipoxa BaBuoroynonc E@appoyov Kivntov:

"Exooon Yo ypnotn (uMARS)

Ovopa EQopHOYNG: vovveeeiiiieiieea

Kvkidote tov aplBud mov avtimpoowmmevel pe PeYoADTEPN okpifela TNV TOWOTNTO COG
epapuoyng mov Paduoroyeite. Oha ta otoryeio a&roroyovvron pe pio KAipoka 5 Babudv amod
10 «1. Avemapkno» puéxpt «5. EEapetikogy. EmiéEte M/A (Mn Awbéoyo) €dv 1o otoyeio

o0G PAPLOYNG Elval AoyYETO 1 OV LIAPYEL.

BoOporéynon Ilowéotntog E@appoyng

TMHMA A’

Evaoyoinon — svydpiotn, &volo@épovod, cSOTOMIKEVGINY, OLOOPUOTIKY, TOPEYEL
ewomomoslg  (m). OTEAVEL ELOOMOUM|GELS, UNVONOTE, vrevOvpicels, ortipoto

avVaTPOPOOOTNGTG, EMTPEMEL VO, TO HOLPAGTEIS)

1. Yoyoyoyio: Eifvor m epoppoyn JSwokedaotikn/evydpiotn ot ypnon oog; Exet
YOPAKTNPLOTIKE TTOV TNV KAVOLV TO ELYAPIGTT OO GOC TOPOHOIES EPAPUOYEG;
1  Bapem, KaB0Aov guydplotn 1 S10.6KEACTIKY|
2 Kvpiog Bapet
3 Evtd&et apKeTA €0YAPIOTN Y10 VO OTOGYOANGEL TO YPNOTN Yo KPS YPOVIKO S1AGTN LA

(<5 Aemtdr)
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Métpla S100KEDAOTIKN Kol EVYAPLOTY, B0 UTOPOVoE VO OMOGYOANCEL TO YPHOTH Yol
Kkdmoto dtotua (5 — 10 Aentd cuvorikd)
[Switepa  dwaokedootTikny Kol gvydprotn, 6Oa  pmopovoe va  odnynoel o€

emovolopPoavopevn ypnon

2. Evowoeépov: Elvar n epappoyn evowapépovsa otn ypnon; [Hoapovoidlel cog mAnpopopieg

o0G LE EvaV EVOLOPEPOVTA TPOTO GE CUYKPLOT| LE GOG TOPOUOLIES EQAPLOYECS;

1.

2.

Koabo6rov evdapépovca

Kvpiog pun evorapépovoa

Evté&et, ovte evolapépovca oVTe pn evolapEPovca, Bo LTopovGE V. OTOGYOANGEL TO
YPNOTN Y10 LIKPO YPOVIKO StdoTtnua (<5 Aemtd)

Métpra evolapépovca, Oa umopoHce va AmacyOA|GEL TO YPNOTN Yo KATO10 S1AcTna
(5 — 10 Aemtd cLVOAKEL)

[ToAd evowpépovoa, Ba pmopovoe va 0ONYNOEL TO ¥PNOTN OE EMOVOAQUPOVOLEVN

xprion

3. E&otopikevon: Xag emtpénel vo e£0TOMKEDGETE GOC PLOUICELS KOl GOG TPOTYUNGELS TOV

Oa Béhate (.. YOG, TEPLEYOUEVO KUl ELOOTOMGELS);

1.

2.

Agv emrpémel kapio eatopikevon 1 anotel elcaymyn tov puduicewv Kabe popd
Emutpéner pkpov Pabuod efatopixevong koar avtd mepopilel oag Agtrtovpyieg oag
EPAPUOYNG

Emutpénet facwn eatopikevon yio vo AEITOVPYNGEL EMOPKDS

Emutpénetl cog emAoyég yuo e€atopikevon

Emutpéner minpn pOOon tov yapoKTnpioTIK®V / TPOTIUIGE®Y TOV XPNoTn, Bupdtot
oag cog pubuicelg
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4. Awdpaotikomnrta: Emutpéner mpocOnkeg amd 10 ypNoTH, TOPEXEL OVOTPOPOSHTN O,

TEPEYEL  E00MOMGCES  TEPLEYOpéEVOL  (vmevOvpicel, OvvatdTNTEG YO  HOIPAGHQL,

€100TOMGELG, KTA);

1.

KaBolov ddpactikd otoyeio Ko / 1 KaBOAov avtomdkplon cog mTPocHnKeG Tov

xPAOTN

Kémoia addd 6yt apretd dadpactikd otoryeio, ta omoio mepropilovv cag Asttovpyieg
GOG EQUPHOYNG

Baowd diadpactikd otoryeia yio va Agttovpyel emaprkmg

[Mapéyer pio mowiAio amd SdPACTIKO GTOLKElD, AVATPOPOSOTNON Kot ETIAOYEG Yo
TpocOnKeg ToL YPNOTN

[ToAd vyMAS eminedo avTamdKPIoNG LEGH SLUOPUCTIKMOV GTOLXEI®MV, AVOTPOPOOOTNONG

KOl EMAOYDOV Y10 TPOCONKEG TOV PN O

5. Opdda — otoyog: Eivon 1o mepieydpevo cag epaproyns (Ypoeikd, yYAOsoo, oyedlacuog)

KATAAANAO Y10t TOV TANOLGUO — GTOYO;

1. Evtelmg axatdAinio, acagéc 1 TpoKaAel chyyvon

2. Koatd Baon akatdAAnio, acapis 1 TpoKaAel cUyyLoN

3.

AT0odekTO AL Ot €101KA oyedocéVo Yoo ToV TANBLGHO — 6T1OYX0. Mmopel va etvan

OKOTAAANLO, AGOPEG N VO TPOKAAEL GVYYLON KATE TEPIMTMOCELS

4. Zyedoopévo yuo tov TANBuopd — otdY0 e KPA TPoPAN LT

5. Zyedwopévo 101K Yo Tov TANBuoud — otdyo ywpic va Ppickovtarl mpofAnpato
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TMHMA B’

AETovpyIKOTNTO — AErTOVPYia 60G EQPUPUOYNS, EVKOLIM 6T padnon, Thonynon, Aoy

PONGS KOl GYEOLUGNOS ELEYYOV GUS EQUPUOYNGS HE PO AELTOVPYIAV AP

6. Amdooon: Me moon axpifero/taydtnTa Asttovpyobv ot vanpecieg (Aettovpyieg) kon ta

YOPUKTNPLOTIKE (KOVUTA / pEVOD) GOG EQAPUOYNG;

1.

H epappoyn dev Aettovpyel. KabBoérov / avemapxng / avokpipng avromdxpion (m.y.
KoAAGeL / 01/ €xel cpaApaTa, KTA.)

Kdémoteg Aertovpyieg dovAgbovv 0AAG KOBLGTEPOUV 1 €YOVV GNUOVTIKE TEYVIKA
nmuota

l'evikd 1 epoappoyn Aerrovpyeil. Kamowa teyvikd mpofAnuata (nthiuoto omxaitovv
emOOPOON 1 AELTOVPYOVV APYA KATH TEPIMTMOELS

Kotd Baon Aettovpykn pe pkpd / apeintéa mpoAnuato

Télew / oxpng ovtamdkpilorn, yopig TEYVIKE oQAApATO 1 TapEyel Evoeldn

COTOAEITOUEVOV YPOVOL QPOPTMONS» (EAV EIvOl OYETIKO)

7.  EvkoMa ypriong: I16co gdkoro etvar vo pdbet kaveic mdg va ypnoIuonotel T eQapproyn;

[T6c0 capeic ivar o1 emKeAAMOEG TV HevoD, TO EIKOVIOWN KO 01 00MYiEC;

KaBolov/mepropiopéveg odnyleg, o1 eMKEPAAIdEG TOV HEVOL KoL TO EKOVIOW
TPOKAAOVV cOyyLGN, TOAOTAOKN

Amautel onuovtikd xpdvo 1 mpoomdOeia

Amautel kdmoro xpdvo 1 mpoomdOeia

Evkoln oty expdBnon (| mapéyet copeig oonyieg)
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5. Tapéyet ™ duvatdTnta dpeons ypnons, EVOTIKTMONG, amin (o€ ypetdlovtol odnyieg)

8. IThonynon: Eivor Aoy kot amAn 1 evailayn peta&d oBovav; Tlapéyet n epapuoyn oag

00G amOPaiTNTEG GLVOESELS UETALD 000VDV;

1.

2.

3.

4,

5.

Kapia Aoywkn cdvdeon petald oBovav /  tAonynon givat SOGKOAN
Kotavontm petd amd moiv ypdvo / mpocmibeio

Kotavontm petd ond kémoo ypovo / mpoonddeia

EvkoAn otnv katoavonon / mhonynon

Amdlvta Aoyikn, €0KOAN, CaPNG KOl EVOTIKTMONG pony 0Bovav ko’ OAn 1 ddpkela

Kol / 1) TOPEYXEL GUVTOUEVCELG

9. Zxedaoudg Aerrovpyidv aeng: Eivar Aoywkn mn ypfion €ho@pdv ¥Tummpdtov pe 1o

daktvAo / cvpoipatog / KoMong cog 000vng; Topapévouv otabepd otn Acttovpyion cog

0€ 00G 60G VINPEGiec/000vec;

1.

2.

[TApw¢ un otabepd / Tpokalovv TAN PN GVYYLON

Suyva etvon un otabepd / TpokaAoHy cOyyvon

Evté&er, pe kdmoa ototyeio aotdbeiog / mpoKANoMG GVYYLONG
Kvpiog otabepd / evotiktdon otn xpnon pe apeintéo tpofAnpato

Amdivta 6Tafepd KoL EVOTIKTAOM GTN YP1IoN
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TMHMA T’

AwoONTIK] — OYESIONOS YPUPIKDV, OGUVOAIKY] EAKVLOTIKOTINTO Eu@Avions, ypron
APORATOV KoL 6VVOYY] VYOVS/GTVA.
10. Awdraén: Eivol cwot) 1 toktonoinon kot to péyefog Tmv KOuUmTOVY, TOV EIKOVISIOV, TOV
HEVOD Kol TOL TTEPIEXOUEVOD TTAV®D GTNV 000VN;
1. TIoAd KokOC OYESGUOC, VLIEPPOPTMUEVOS, KAMOEG EMAOYEG €ivorl addvoTo Vo
EMAEYOVV, EVIOTIGTOVV, YIVOUV aVTIANTTEG 1] S10faGTOVV ad TO PO
2. Kaxog oyedaouog, toyaiog, un &Eexabapoc, kdmolec emloyéc eivor dvokoAo va
EMAEYOVV / VTOTIOTOVV / Yivouv avTIANTTES / S10PacTOVV 0o TO ¥P1oTH
3. Ikavomomrtikdg oyedaouog, Alyo mpoPAnuoto pe emioyn / eviomopd / aviiAnym /
aVAYVOOT| ETAOY®V 0O TO XPNOTN
4. Kotd Baon coeng oxedoopoc, o xpnote wropet vo evromioet / emAéEeL / avTiAneOel /
dwpdoet Ta oToLyEin COG EPAPLOYNG

5. EmayyeApotikdg, amids, caepnc, TUKTOTOMUEVOS, AOYIKA 0PYOVOUEVOS GYEIOGUOGC

11. Tpapwd: TIoco vymiov emmédov eivor M mowdtnta / avdAvon TV YPOEIKOV TOV
YPNOYOTO0VVTOL Y10, KOOI, €UKOVIOLN, LEVOD KOl TEPIEXOLEVO;
1. Ta ypoapwd @aivovior gpooiTeyvikd, MOAD TTOYOG ONTIKOG OYedoUOg —
OVOLLOIOLLOPPOG, GTUAIGTIKA OIGVVETNG
2. XounAng modttog / younANg avdAvong ypoeikd, YOUNANG TOOTNTOS OTTIKOGC
OYEO0GLOC — ALVOLLOLOLLOPPOG

3. Métpog modTToS YPUEIKE Kot OTTIKOS OXEOOGUAG (YEVIKA OUOIOUOPPOG GE GTLA)
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4. Yyn\g mowdtrag / avaAvong yYpOgIKA Kot OTTIKOG oyedlaopdg — kotd Pdon

OHOIOHOPPOG KOl LE GUVETELD GTO GTLA

5. TIoAD vymANg modTTOS / avAALONG YPOEIKG Kol OTTIKOC GYEOIUGUOC — GUVOAIKA

OLOLOLOPPOG KON L€ GUVETELL GTO GTLA

12. EAxvotikonra epedviong: I16co dpopon eaivetar n epapuroyn;

1.

Acymun, Un €uxaploTn OMTIKA, TTOYE GYEOOGUEVT], OTOIPLOCTO Kol AoYETO LETAED

COG YPDOUOTOL

2.

3.

4.

5.

Kokn — ntoyd oxediaopuév, Kakn xpnon yporatov, ontikd fopet
Evta&er — pétpro, ovte guyxdpiotn o0TE SVCAPESTI OMTIKA
Evydpiot — qyoyn xpnion Yporatov — EmoyyEALOTIKO CYESOGUEVT] KOl LLE GUVETELN

[Mavépopen — moAD eAkvoTiKn, aSlopvnuovevtn, Eeympilel — n ¥pNoN TOV YPOUATOV

Beltidvel mepoUTEP® TNV TOLOTNTO TWV AEITOLPYIDV KOl LEVOD EQPAPUOYNG
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TMHMA A’

Minpogopia — Ilepréyer vyning ToOTNTOS TANPOPOPIES (7.} KEIPEVO, AVATPOPOOOTION,

0eikTES, avaQopésg) amo pia Eykvpn nyn

13. [Mowtmra mAnpoeopidv: Eivar 10 mepiexdpevo cog epopproyns axkpiéc, KaAloypopupévo

KOl GYETIKO LE TO GTOYO / AVTIKEIUEVO GOG EQAPLOYNG;

M/A Agv mapéyovtol TANPOPopies LEGO GTNV EPAPLOTN

1.

2.

V)]

Acyeto / akatAAANAO / un cuvaeis / AavBacsUEVO TEPLEYOUEVO

[Ttwyd mepreydpevo. Oplakd oyeTikd / KatdAinio / pe cuvdoeelo / umopel va givon
AavBaouévo

Métpro oyetikd mepieyopevo / KatdAinio / pe cuvaeelo / cwotd

2Tk mEPLEYOUEVO / KATAAANAO / e GuVAQELD / COOTO

. TToAd oyetkd mepieyopevo / KaTt@AANAO / e cLUVAQPELD / GOGTO

14. TTocotrta mAnpogopudv: Eivar ot mAnpogopieg evtOg oG eapUoyNG TANPELS AL Kot

TEPLEKTIKEG;

M/A Agv moapéyoviotr TANPoQopiec HEGH GTNV EQPAPLOYN

1.

2.

O mAnpogopieg mov mapéyovron eivar eEAdIOTEG 1) VITEPPOAKES

Avenapkeic 1] mBavadg vepfoiikég

Evtd&er aAld 61 mApelg 1| TEPLEKTIKES

[Ipocpéper éva gupd @doua TANPOQOPLOV, £xel KAmOw Kevd 1M oypelooTeg
AEMTOUEPELES, 1 OEV TTOPEYEL GLVOEGOVG Y10 TEPLGGOTEPES TANPOPOPIES KOl TTNYEG

[T png Kot TEPLEKTIKT, TOPEYEL GVLVIEGHOVGS Y10 TEPIGGOTEPEG TANPOPOPIEG KO TTNYES

102

Institutional Repository - Library & Information Centre - University of Thessaly
05/09/2026 15:52:25 EEST - 216.73.216.250



15. Omtwcég mAnpoeopies: Eivar n omtikny €€nynon tov evvolmv — péco and ypoaenuota /

oyé010 / e1KOVEG / Pivteo KTA. — GOQNG, AOYIKY|, COOTY;

M/A Agv mopéyoviot ETALOV OTTIKES TANPOPOPIES amd TNV epapuoyn (). TePEXeL LOVO

Nyo N keipevo)

1.

H omtuc e€nynon mov mapéyetot sivon evieA®S acapns, suykeyvuévn, Aavbaocuévn 1
amovc0, oV Kot omapoitnT

Kotd Baon acaeng / cvykeyopévn / AavBacuévn

Evté&er aAld cuyvd acapng / cuykeyvpévn / AavBacuévn

Kotd Baon caeng / Aoyikr| / oot pe opeAntéa mpofAnuata

AmdAvuta coeng / Aoy / cwot

16. A&omotio Tyng: Ot TANpo@opieg TOV TOPEYOVTAL HEGOH GTNV EQPUPLOYN TPOEPYOVTOL

oamd pio a&lomotn Tyn;

M/A Agv mapéyovtor TANPoPopies LECH GTNV EPAPLOTN

1.

2.

"Yromtn mTnyn

Aginel n a&lomortia
H 7yn dev etvan dmomtn aALG 1 €yKVPOTNTO GOG EvOL 0GP
O mAnpogopieg mbavadg mpoépyoviat amd EyKvpn Tnyn

O mAinpogopieg ciyovpa mpoépyovtal and £ykvpn / e€edkevpévn myn
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Yrokeipeviki) mowotnto EQappoyng

TMHMA E’

17. ®a ovvieTohoOTE ALTAV TNV EPOPUOYN GE ATOHO OV UTOPEl VO OPEAOVVTOV amd TN
xpfion oag;

1. Xg xapio tepintwon. Ag Bo cGLVIGTOVGA AVTAV TV EPAPLOYT| GE KAVEVAY

2. Ymdapyovv oA Alya dtopa oto omoio B0 GLVIGTOVGH OVTHY TNV EPOPLOTN

3. Towg. Yrapyovv apketd dropa oto omoio B0 cuVIGTOVGH AVTAV TV EPAPLOYN

4. Ymapyovv TOALQ dTopa 6T 0TToio O GLVIGTOVGA ALTAY TNV EPAPLOYN

5. Onwodnimote. Bo CLVIGTOVGA VTV TNV EPAUPUOYN GE OAOVG

18. Tlocec @opéc miotedere OTL Oa ¥PNOYOMOOVCATE OVTAV TNV EPOUPUOYT] HECO GOG

endpevoug 12 unveg dv NToV GYETIKN 6OG GGG

1. Kopia
2. 12

3. 3-10
4. 10-50
5. >50
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19. Oa TANpOVATE Y0 QLTHY TNV EQAPUOYN;
1. Onwodnmote Oyt

2.

4.

5. Onwodnmote vou

20. Me oo aoctépro PabUoAoYEITE GUVOAIKA VTNV TV EQAPLOYN;
1. * Mia amd cog xepOTEPES EPAPLOYES TTOV £XW® YPTCUOTOUGEL
2.**
3.k Mérpua

4 kookskok

5. xR Mio amd oog KOAOTEPEG EPAPLOYES TTOV EXM XPTOLLOTOMGEL
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AvtuinmT emidopaon

TMHMA XT"

1. Emxiyvoon — Avth 1 epappoyn €xel 0véNceL TV EMIYVOOT TOL €Y® YLO. TN ONUAGCI0 COG OVAANYNG
dpdong vy (evaoydAnong Ue) avt T CLUTEPLPOPE VYEiNG

Awpove évtova Zopeevo viova
1 2 3 4 5
2. T'von — Avti 1 epappoyn £xel 0vENGEL TN YOG / KATAUVONGT| LLOV Y10 TN GUUTEPLPOPA VYEING
Alpove évtova ZOpP®VO viova,
1 2 3 4 5

3. Xtdoeic — H gpappoyn xet oALGEEL T 6TAOM LoV GYETIKG (e TN PEATIOON GOGC GG GUUTEPIPOPAC

vyelag
Alpove évtova ZOHP®VO Evtova
1 2 3 4 5

4. Tlpdbeomn ywo arroy — H gpappoyn €xel avénoel cog mpobécelg / ta Kivitpd Hov yio avainym
dpdong yuo (evaoyOANoNG LLE) AVTH TN CLUTEPIPOPA VYELOG
Alpovo évtova ZOUPOVO EvTova
1 2 3 4 5
5. Avalnmon Ponbelag — avt) 1 epappoyn Ba pe evBdppuve va avalnmoon meportépm Pondeta yio
VO OVTWETOTICM T cLUTEPLPOPd vYyeiog (av T ypewlopovV)
Alpovo évtova ZOHEOVO Eviova
1 2 3 4 5
6. Alayn ovumepipopds — H ypfion cag cag epapuoyng 8o avénoetl / peudosl ) cuumeplpopd
vyetog
Awoovd éviova Zouemve Eviova

1 2 3 4 5

Xag gvyoplotovpe!
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2. uMARS - English version

Instructions for Use:

Assessors should:
1. Use the application and test it thoroughly for at least 10 minutes;

2. Determine how easy it is to use, how well it works and how successfully it serves its

purpose;

3. Evaluate the application’s settings, the manufacturer’s information, external links, security

features, etc.

Rating

A: Involvement Mean Score = ............ccoiiiiiiiiiinnn.

B: Functionality Mean Score = ..............cccevvnnnnnn.

C: Aesthetics Mean Score = .......oiiiiiiiiiiiiiiii e
D: Information Mean Score®* = ..............coiiiiiiiiiiiin,

*Exclude from the calculation of the mean score the questions rated as “N / A - Not

Available.”
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Quality of Application Mean Score.........cceceeerueenneee =A+B+C+D/4

The Subjective Quality Scale of the application can be reported as an independent additional

element or as a mean score depending on the purpose of the research.

The items concerning the Perceived Impact can be customized and used to gain insight into
how the user understands the impact of the application according to his / her knowledge,

attitudes and intentions regarding the target which is - health behavior.
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Mobile Application Rating Scale:

User Edition (uMARS)

Name of Application: ............ccccovvvvveninnnnn.

Circle the number that most accurately represents the quality of the app you are rating. All
items are rated by means of a scale of 5 points from "1.Inadequate" to "5.Exceptional". Select

N/ A (Not Available) if the application item is irrelevant.

Quality of Application Rating

SECTION A

Involvement - fun, interesting, can be customized, interactive, provides alerts (e.g. sends

notifications, messages, reminders, feedback requests, allows you to share it)

1. Entertainment: Is the application fun / enjoyable in its use? Does it have features that make
it more fun than other similar applications?
1. Boring, not enjoyable or entertaining at all
2. Mainly boring
3. Ok, fun enough to entertain the user for a short time (<5 minutes)
4. Moderately fun and enjoyable, it could entertain the user for some time (5 - 10 minutes
in total)

5. Especially fun and enjoyable, it could lead to repeated use
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2. Interest: Is the application interesting to use? Does it present its information in an
interesting way compared to other similar applications?
1. Not at all interesting
2. Mainly uninteresting
3. Ok, not interesting or uninteresting, could engage the user for a short time (<5 minutes)
4. Moderately interesting, it could engage the user for some time (5 to 10 minutes in total)

5. Very interesting, it could lead the user to repeated use

3. Customization: does it allow you to customize the settings and preferences you would like
(e.g. audio, content, and notifications)?

1. Does not allow any customization or requires the settings to be inserted every time

2. Allows a small degree of customization which may limit the application

3. Allows basic customization which makes it adequately functional

4. Allows multiple options for customization

5. Allows full customization of the user’s characteristics / preferences by the user, saves all

the settings

4. Interactivity: Does it allow additions by the user, provide feedback, contain alerts
(reminders, sharing options, notifications, etc.)?
1. No interactive elements and / or no response to user add-ins
2. Some, but not enough interactive elements, which limit the functions of the application
3. Basic interactive elements in order to function adequately
4. Provides a variety of interactive elements, feedback and options for user add-ins
5. Very high level of responsiveness through interactive elements, feedback and options for
user add-ins

110

Institutional Repository - Library & Information Centre - University of Thessaly
05/09/2026 15:52:25 EEST - 216.73.216.250



5. Target - group: Is the content of the application (graphics, language, design) appropriate for
the target- population?
1. Completely inappropriate, unclear or confusing
2. Mainly inappropriate, unclear or confusing
3. Acceptable but not specifically designed for the target - group. It may be inappropriate,
unclear, or confusing occasionally
4. Designed for the target - group with minor problems

5. Designed specifically for the target - group without any problems

SECTION B

Functionality - application function, ease of learning, navigation, flow logic and

application control design using touch functions

6. Performance: How accurately / fast do the features (functions) and components (buttons /
menu) of the application work?
1. The application does not function; at all /it is inadequate / inaccurate response (e.g.
crashes / viruses / errors, etc.)
2. Some functions work, but with some delay or have major technical problems
3. The application generally works. Some technical problems require repair or work slowly
on occasions
4. Mainly functional with small / negligible problems
5. Perfect / accurate response, without technical errors, or provides indications such as

«remaining loading time» (if relevant)

111

Institutional Repository - Library & Information Centre - University of Thessaly
05/09/2026 15:52:25 EEST - 216.73.216.250



7. Easy to use: How easy is it to learn to use the application; how clear are the menu headings,
icons
and instructions?

1. Not at all / limited instructions; menu headings and icons cause confusion; complex

2. It takes a lot of time or effort

3. It takes some time or effort

4. Easy to learn (or provides clear instructions)

5. Provides immediate, intuitive, simple use (no instructions required)

8. Navigation: Is switching between screens logical; does the application provide all the
necessary links between screens?

1. No logical connection between screens / navigation is difficult

2. Understandable after a long time / effort

3. Understandable after some time /effort

4. Easy to understand / navigate

5. Totally logical, easy, clear and intuitive screen flow throughout and / or provides

shortcuts

9. Design of Touch Features: Is the use of taps / swipes / scrolls etc. of the screen logical? Are
they stable on all components / screens?

1. Fully unstable / completely confusing

2. Often unstable / confusing

3. Okay, with some unstable / confusing elements

4. Mainly stable / intuitive use with negligible problems

5. Totally stable and intuitive in use
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SECTION C

Aesthetics - graphic design, overall attractive appearance, color use and style

consistency.

10. Layout: Is the layout and size of the buttons, icons, menus and content on the screen
appropriate?
1. Very poor design, cluttered, some options are impossible to select / locate / see or read
2. Poor design, random, unclear, some options are difficult to select / locate / see / read
3. Satisfactory design, few problems with selecting / locating / seeing / reading options
4. Mainly clear design, can identify / select / see / read application options

5. Professional, simple, clear, neat, logically organized design

11. Graphics: How high is the quality / resolution of graphics used for buttons, icons, menus
and content?
1. Graphics look amateur, very poor visual design - not uniform, stylistically inconsistent
2. Low quality / low resolution graphics, low quality visual design — not uniform
3. Moderate quality graphics and visual design (generally uniform in style)
4. High quality / resolution graphics and visual design - mainly uniform and consistent in
style
5. Very high quality / analysis of graphics and visual design - overall uniform and

consistent in style
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12. Attractive Appearance: How good-looking is the application?

1.

2.

3.

4.

5.

Ugly, unattractive visually, poorly designed, non matching and irrelevant colors
Bad - poorly designed, poor color use, visually dull

Okay - moderate, neither pleasant nor unpleasant visually

Pleasant - flawless graphics - professionally designed and consistent

Beautiful - very attractive, memorable, stands out; the use of colors enhances the

features / menus of the application

SECTION D

Information - Contains high - quality information (e.g. text, feedback, indicators,

references) from a credible source

13. Quality of information: Is the content of the application correct, well written and relevant

to the purpose / topic of the application?

N / A No information is provided within the application

1.

2.

Irrelevant / inappropriate / unrelated / incorrect

Poor. Marginally relevant / appropriate / related / may be incorrect

. Moderately relevant / appropriate / related / seems correct
. Relevant / appropriate / related / correct

. Very relevant / appropriate / related / correct
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14. Amount of information: Is information within the application complete but also
comprehensive?
N/ A No information is provided within the application
1. Minimal or excessive
2. Insufficient or possibly excessive
3. OK but not complete or comprehensive
4. Offers a wide range of information, has some gaps or unnecessary details; or does not
provide links for more information and sources

5. Complete and comprehensive; provides links for more information and sources

15. Visual information: Is the visual explanation of concepts - through charts / graphs /
images / videos etc. - clear, logical, correct?
N / A No additional visual information is provided within the application (e.g. contains
only audio or text)
1. Totally unclear, confusing, incorrect or absent, although necessary
2. Mainly unclear / confusing / incorrect
3. Okay but often unclear / confusing / incorrect
4. Mainly clear / logical /correct with negligible problems

5. Totally clear / logical / correct

16. Source Credibility: Does the information provided within the application come from a
credible source?

N/ A No information is provided within the application

1. Suspicious source

2. Credibility is missing
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3. The source is not suspicious, but its credibility is unclear
4. The information probably comes from a credible source

5. The information certainly comes from a credible / specialized source

Subjective Quality of Application

SECTION E

17. Would you recommend this application to people who might benefit from its use?
1. Under no circumstances. I would not recommend this application to anyone
2. There are very few people I would recommend this app to
3. Maybe. There are several people I would recommend this app to
4. There are many people I would recommend this app to

5. Definitely. I would recommend this app to everyone

18. How many times do you think you would use this application within the next 12 months if
it was relevant to you?

1. None

2.1-2

3.3-10

4. 10-50

5>50
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19. Would you pay for this application?
1. Definitely not

2.

4.

5. Definitely yes

20. With how many stars do you rate this application overall?

I.* One of the worst applications I've ever used

2. k%

3, Kk Average

4 . seskoksk

5. sk One of the best applications I've ever used
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Perceived Impact

SECTION F

1. Awareness - This application has increased my awareness of the importance of managing this health

behavior
I strongly disagree I strongly agree
1 2 3 4 5

2. Knowledge - This application has increased my knowledge / understanding of this health behavior
I strongly disagree I strongly agree
1 2 3 4 5

3. Attitudes - The application has changed my attitude towards improving this health behavior
I strongly disagree I strongly agree
1 2 3 4 5

4. Intention to change - The application has increased my intentions / motives for managing this health

behavior
I strongly disagree I strongly agree
1 2 3 4 5

5. Help seeking - This application would encourage me to seek further help in order to manage this

health behavior (if I needed it)

I strongly disagree I strongly agree
1 2 3 4 5

6. Change of behavior - Using this application will increase / decrease health behavior

I strongly disagree I strongly agree
1 2 3 4 5
Thank you!
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Abstract

Objective: The original user version of the Mobile Application Rating Scale (uUMARS) is an
English-language questionnaire that was designed to allow non-expert app users to assess the
quality of health apps. We aimed to translate into the Greek language and validate the uMARS.
Methods: This was a qualitative prospective study. The World Health Organization translation
process was followed and a readily available and free-of-charge app was used for the validation
process. Internal consistency and reliability were tested twice within one month by 91 Greek
medical students.

Results: The total uMARS score showed excellent internal consistency (Cronbach’s alpha = 0.86).
The internal consistencies of its subscales were also very high (engagement alpha =0.7 |; function-
ality alpha = 0.71; aesthetics alpha = 0.67; information alpha = 0.63), with the notable exception of
the satisfaction alpha, which was 0.61. The uMARS total score demonstrated almost perfect agree-
ment levels in most of the subscales according to the ry, index from baseline to | month.
Conclusions: The Greek uMARS is a reliable and valid tool for assessing the quality of
mobile apps.
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Introduction

Currently, more than seven billion mobile
device users exist globally.! The use of
mobile and wireless technologies to support
the achievement of health objectives
(mHealth) has the potential to transform
the face of health service delivery worldwide.
Driving this change is a powerful combina-
tion of factors including rapid advances in
mobile technologies and applications, a nse
in new opportunities for the mtegraton of
mobile health into existing eHealth services,
and the continued growth in mobile cellular
network coverage.” Healthcare professionals
are Increasingly using mHealth apps to
source information, provide diagnostic help,
momitor patient medication, and manage
symptoms. Patients and the general public
utiize mHealth apps to communicate and
consult with health services and healthcare
practitioners, track health symptoms, leam
about health conditions, and for many addi-
tional uses.” The number of mHealth apps is
mereasing rapidly, inadvertently keading to an
overwhelming choice for users and to the risk
of the avallability of low-gquality, ineffective,
or even harmful apps. Unregulated health
apps may be created by software developers
with no health expertise and uploaded to
app stores without repercussions to the devel-
oper.” Interest in mHealth apps for the
remote monitoring of patients with chronic
diseases has increased in Greece, especially
during the coronavirus disease 2019 pan-
demic. However, knowledge of health app
quality 1s scarce in Greece and consensus 1s
lacking on how to assess quality.’ In addi-
tion, standardized tools 1 the Greek
language for the development, assessment,
and appraisal of health apps are lacking
Evaluation of the content and quality of
health-related apps for specific health con-
ditions 1s crucial for providing professionals
and end users confidence in the quality and
credibility of these apps.®

Developed in 2015, the Mobile App
Rating Scale (MARS) 1s an objective, rel-
able, and easy-to-use tool for the assess-
ment of the quality of health apps.” The
scale has been translated and validated in
several languages,®'" but not in Greek.
The orginal MARS was developed for use
by professionals including researchers, devel-
opers, and climicians and requires user exper-
tise and traiming before use. A simplified
version was subsequently developed and val-
idated, resulting in the user version of the
Mobile Application Ratmg Scale (uMARS),
which can be used in large-scale trials or
research with end users.'” The uMARS was
made for mHealth app end users and
provides a 20-item measure instead of the
23-tem measure of the MARS. An additional
subscale was added to measure the perceived
impact of the apps evaluated. The important
role of the uMARS m the evaluation of
mobile apps in chnical studies has recently
been demonstrated.”® To date, the cross-
cultural translation and validation of the
original  English-language uMARS to the
Greek language have not been performed.
We aimed to translate the uMARS and vali-
date a Greek version of the scale in the con-
text of developing an app for the symptom
monitonng and treatment of men with
benign prostatic hyperplasia.

Methods

The English-language version of the
uMARS

The uMARS provides an evaluation of the
quality of an app with a 20-question scale
divided into five subscales. Every item is
rated on a 5-point Likert scale ranging
from 1 (poor) to 5 (excellent). Four sub-
scales—engagement (N=35), functionality
(N =4), aesthetics (N =3), and mformation
(N=4)—are objective and are associated
with a quality rating; one subscale (N=4)
15 subjective. An additional subscale of six
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items measures the perceived impact of the
app being evaluated."

Cross-cultural adaptation and translation
process

This was a qualitative prospective study. The
Greek translation and cross-cultural valida-
tion of the English-language uMARS fol-
lowed the World Health Organization
guidelines' and consisted of forward and
backward translation, pretesting, and cogni-
tive evaluation and production of the final
version.

The translation and adaptation processes
involved the following steps: (i) The
English-language wversion of uMARS was
independently translated into Greek by
two native Greek bilingual speakers (one
physician and one non-medical profession-
al) who were fluent in English. (ii) The two
Greek translations were discussed within
the research team to ensure meanings were
as close as possible to the onginal English
version. (1) The Greek version was then
back-translated into Enghsh by one bilin-
gual researcher (a native Greek with a
degree in English literature) and (iv) the
result was reviewed and compared with
the onginal English version by the develop-
ers of the original questionnaire, who pro-
vided feedback on the accuracy of the
translation and suggestions for edits. The
comments and suggestions from the origi-
nal developers were discussed within the
research group and integrated to develop
the final version of the Greek uMARS.

Cultural adaptions were made in every
step of the translation by changing the
wording of some items to better fit the
Greek context. The goals were to adapt
uMARS to the Greek culture and language,
consider cultural and linguistic differences
between English and Greek, identify and
resolve inadequate expressions or concepts
in the translation, and ensure equivalence.

122

Selection of the mobile app for validation

When the Greek-language translation was
ready, a mobile app was selected according
to the following inclusion criteria: available
in the Google Play and Apple App stores,
free of charge, targeting adults (=18 years of
age) of either sex, containing features that
promote interaction, relevant to health man-
agement (e.g., questions and answers, the
exchange of mmages. reports, or numerical
results).

After discussion and consensus, the
research team chose the UTHme app, an
accessible and free-of-charge app widely
used by students of the University of
Thessaly. The app requires the student’s aca-
demic credentials and 1s therefore download-
able exclusively for students at the
University of Thessaly.

Although emerging, health apps in the
Greek language are still scarce. The choice
of the UTHme app was appropriate because
the app already incorporates many features
offered by English-language health apps,
some of which are:

s Quick access to students’ grades, which
are entered by academic personnel—a
feature commonly used by various
health-tracking apps.

» Use of scores to calculate mean student
grades and other statistics—a feature
commonly used in health calculator
apps (e.g., Ntness and nutrition apps).

s Announcements and notifications from
the E-class platform of courses in which
the user is enrolled—a feature used in
health apps that offer services such as
communication with health professionals,
schedule tracking, and recovery activities.

o View and personalization of lecture
schedules, planners, calendars, and notifi-
cations—very common features in health-
education apps that am to facilitate
recovery through increasing user knowl-
edge of the health aspect addressed.
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Further benefits of the UTHme app
included: (1) accessibility to all students
and used to provide easy, on-the-go access
to some University of Thessaly services, (i)
does not store user data, which offered
comphance with current GDPR and further
convenience to our research, and (iii) avail-
ability on Android and 108 devices, with a
rating of 4.9/5 stars (1,0004+ ratings) and
more than 10,000 downloads.

Sample and procedure

All panticipants were 5th- and 6th-grade
medical students at the University of
Thessaly. All students were native Greek
speakers. A paper version of the Greek
translation of the uMARS was distnbuted
on demand to individuals who agreed to
participate in the project. The final translat-
ed version of the uMARS was hand-
distributed to a sample group of 91 medical
students from the Unmiversity of Thessaly.

Each participant completed the uMARS
twice—once after using the app for a month
and then again 4 to 6 weeks later. If neces-
sary, students were allowed to use the app
between the two evaluations. Participants
were instructed to complete the guestion-
naire individually and without assistance.
Participants handed in completed question-
naires immediately after completion.

Ethics approval was not required
because the study involved the translation
and validation of the uMARS question-
naire with the participation of medical stu-
dents who were informed about the study
objective. No patients participated and no
form of treatment was used in the study.

Data analysis

The intermal consistencies of the uMARS
subscales and the total score were calculat-
ed using Cronbach’s alpha. Test-retest reli-
abilities were calculated for the subscales
and total scores of the uMARS after

1 month of app use post baseline {(i.e., a
test-retest period of 1 month). Interclass
correlation coefficients (1CCs)™>"7 were
used because they provide weighted values
of agreement and assess proxamity rather
than equality of ratings. To calculate
ICCs, a random-effects average measures
model with absolute agreement was used.
The rwe index was chosen given the skew-
ness of responses.’’ The rye index is
preferred over ICCs for Likert scale meas-
urements and especially when a single
group of participants is used.'®

Data were analyzed with SPSS version
23 (SPSS Inc., Armonk, NY, USA). The
reporting of this study conforms to the
Standards for Reporting Qualitative

Research guidelines.'”

Results

All 91 students completed the baseline and
one-month  follow-up app evaluation
(100% follow-up rate). All students were
native Greek university medical students.
The sex distribution was nearly equal,
with 51.6% (47) female and 48.4% (44)
male participants, and the median age was
23.5 years (range 22-26 years).

The mean scores for each subscale and
item of the uMARS in the first and second
rounds of evaluation are presented in detail
in Table 1.

Internal consistency of the uMARS

The total uMARS score showed excellent
intemal consistency (Cronbach’s alpha=
0.86). The internal consistency of the sub-
scales was also very high, with Cronbach’s
alphas of 0.71 for engagement, 0.71 for func-
tionality, 0.67 for aesthetics, 0.63 for infor-
mation, and 0.61 for subjective satisfaction.

The uMARS total score demonstrated
almost perfect agreement levels in most of
the subscales according to the ry index
from baseline to 1 month. The rygs for
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Table |. Test—retest reliability of subscales and total scores of the uMARS.
Mean (SD) Mean (5D)
Subscalesfitems rwe I'st round 2nd round
Engagement 0.97 3.56 (1.02) 3.49 (1.03)
I Entertainment 0.97 3.48 (0.79) 3.54 (0.73)
2 Interest 0.93 3.85 (0.77) 3.82 (0.77)
3 Customization 0.75 288 (1.10) 255 (1.07)
4 Interactvity 092 3.24 (1.03) 327 (0.88)
5 Target group 0.95 4.36 (0.71) 4.24 (0.74)
Functionality 0.98 4.15 (0.75). 4.08 (0.74)
& Performance 0.96 3.90 (0.70) 3.90 (0.70)
7 Ease of use 0.91 4.35 (0.74) 4.18 (0.77)
g Mavigation 0.93 4.22 (0.70) 4.12 (0.71)
9 Gestural design 0.93 4.13 (0.79) 4.11 (0.75)
Aesthetics 0.98 3.78 (0.73) 3.88 (0.75)
10 Layout 0.91 3.90 (0.72) 4.02 (0.75)
1 Graphics 0.96 3.89 (0.77) 3.93 (0.74)
12 Visual appeal 0.93 3.56 (0.67) 3.70 (0.74)
Information 097 4.14 (0.67) 4.09 (0.66)
13 Quality of information 0.93 4.04 (0.63) 4.03 (0.67)
14 Quantity of information 0.95 4,07 (0.65) 4.00 (0.67)
15 Visual information 0.94 3.95 (0.70) 3.97 (0.67)
16 Credibility of source 0.94 4.49 (0.57) 4.36 (0.57)
Total uMARS 0.99 3.91 (0.85) 3.88 (0.87)
Subjective items 0.97 371 (1.04) 3.71 (0.92)
17 Would you recommend this app! 0.92 436 (0.71) 4.27 (0.62)
18 How many times do you think 0.91 3.62 (0.76) 3.63 (0.71)
you will use the app?
19 Would you pay for this app? 0.73 2.89 (1,30) 3.12(1.13)
20 What is your overall rating of this app? 0.90 3.98 (0.63) 3.82 (0.74)
uMARS: user version of the Mobile Application Rating Scale, ry.g: index of interrater agreement within the group,
SD: standard deviation.
the engagement, functionality, aesthetics, mternational standards for health app

information, and subjective subscales were
0.97, 0.98, 0.98, 0.97, and 0.97, respectively.
The question with the lowest interrater
agreement queried the willingness of partic-
ipants to pay for the app (0.73). Test-retest
reliability results are presented in detail in
Table 1.

Discussion

The Greek app market is continuously
growing, and considerable scope exists for
progress and improvement in the future.
Currently, Greece must urgently reach
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development, assessment, and appraisal.
Therefore, the ability to access validated
and internationally acclaimed evaluation
instruments is of paramount importance
to researchers, developers, and clinicians.

Overall, the various features of an app (iLe.,
content, design, navigation, usability, and reli-
ability) should be thoroughly tested before use.
In the case of mHealth apps, dissemination
without the appropnate evaluation of quality
may have serious consequences for patients
and medical personnel ™!

Despite the availability of several instru-
ments designed to evaluate the quality of
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medical apps, a clear definition of the the-
oretical framework for testing quality 1s still
lacking, and quality criteria remain widely
heterogeneous.””

This study illustrates that the linguistic
validation of the Greek uMARS 1s consis-
tent with the cross-sectional validations
of other languages.'>**> At present, the
Greek version of the uMARS is being
tested by end users to evaluate the medical
app that prompted this project.

A statistically consistent Greek cross-
cultural validation process of the uMARS
was achieved using a non-mHealth app.
The Greek version of the uMARS is consis-
tent with the original English-language ver-
sion and is a reliable and valid tool for
assessing the quality of mobile apps utilized
by Greek users.

Potential hmitations of our study mclude
the possible negative effects of a study popu-
lation limited to medical students and the use
of 2 non-medical app (UTHme). However, a
medical app typically relies on reminders and
notifications to promote maintaining healthy
habits. Similarly, UTHme offers planners and
calendars, generates course announcements
to retain student engagement with their stud-
1es, and provides additonal information to
students. Importantly, our objective was to
perform a cross-cultural and linguistic valida-
ton of an existng and validated question-
naire that is designed to assess the quality
of mobile apps. Our study was not focused
specifically on the application of the scale to
mHealth research.

Conclusions

We ammed to develop the uMARS in the
Greek language and validate its cross-
cultural adaptation. The final translation
showed strong overall mnternal consistency
(Cronbach’s alpha = 0.86); the internal con-
sistencies of uMARS subscales were also
very high. Interrater rehability within the
group was equally high for all the

questions. The availability of the Greek ver-
sion of the uMARS to the Greek research
community will remove a language barrier
for the future evaluation of medical apps by
patients.
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