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Abstract

Background: Mobile health is emerging as a ubiquitous paradigm for delivering health care interventions when self-manage-
ment is feasible. However, interventions targeting older or frail participants should account for age-related cognitive, visual,
and physical needs to optimize usability and long-term retention.

Objective: This paper describes the rationale, design, and implementation of Nutritional App-Senior (NutriA-S), a theory-
informed mobile app developed to enhance nutritional education in older adults with sarcopenia or probable sarcopenia.
Moreover, we present the results of a usability study conducted in a cohort of age-matched healthy volunteers.

Methods: NutriA-S was designed as a self-instructional app built on the Moodle e-learning platform. It includes 24 progres-
sion modules containing interactive quizzes and associated informational items aimed at engaging users by sustaining attention
and improving nutritional knowledge. A 4-week pilot usability study was conducted with 35 healthy volunteers aged 65 to 85
years, recruited through flyers posted in 2 outpatient settings. After recruitment, participants used the app remotely at home
with telemedicine-based monitoring and support. At the end of the study, usability was quantitatively assessed using the Italian
version of the standard System Usability Scale (SUS) and the User Version of the Mobile Application Rating Scale (uMARS).

Results: The SUS questionnaire yielded a median total score of 80 out of 100 (IQR 55.00-92.50), indicating good perceived
usability, with more than half of the participants rating the app as acceptable (above the threshold of 68). The overall median
uMARS score was 4.083 (IQR 3.68-4.30), with the functionality and information domains achieving the highest median scores
of 4.5 (with IQRs of 4.00-4.50 and 4.13-4.75, respectively), confirming that older adults perceived the tool as technically
reliable and highly credible.

Conclusions: This pilot usability study shows encouraging results, suggesting that NutriA-S is a highly usable, intuitive, and
credible digital health tool for older adults. The identified limitations in items like customizability, willingness to pay, and
willingness to use the app frequently, which received lower scores, will guide app refinements before deploying NutriA-S in an
upcoming randomized controlled trial for older adults with sarcopenia or probable sarcopenia.
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Introduction

The ubiquitous diffusion of mobile devices hosting dedicated
apps is reshaping the way in which almost every business
is accomplished, including the delivery of health care, a
concept referred to as mobile health (mHealth) [1,2]. This
paradigm shift in the health care area finds its foundation
in the potential of mHealth to assist patients in the self-man-
agement of diseases, thereby ensuring independent living for
older adults [3], even in the presence of declines in their
intrinsic capacity [4].

The potential of mHealth extends to the field of nutrition,
where it is seen as a way of promoting changes in habits
and lifestyle, as witnessed by the large number of nutrition-
related apps available on the Google Play Store [5]. From
a strictly clinical point of view, mHealth is a fundamental
component of disseminating nutrition education as part of a
regular treatment plan [6-8]. In fact, mHealth apps enable
patients to manage their own health and support nutrition-
related behavior change and outcomes, especially when used
under the remote guidance of a clinician [8,9]. Nutritional
interventions delivered through mHealth are also becoming
increasingly popular among older adults [10].

Several health-promoting mobile interventions have been
developed, including those concerning healthier diets [10].
This approach has shown potential in improving the outcomes
of older participants affected by chronic illnesses [11].
mHealth facilitates treatment adherence and behavior change,
improves the communication between patients and clinical
staff, while also fostering self-monitoring. With the aging of
the population, resorting to this technology will be unavoida-
ble to increase the chance of spending the later stages of life
in good health.

Nevertheless, despite this growing trend, most mHealth
interventions are not specifically tailored for older and
frail populations, frequently lack theory-based strategies,
and remain largely underevaluated in clinical trials [12].
Moreover, since many older individuals may have lower
levels of digital literacy compared with younger participants,
systems that are simply repurposed for this population often
overlook the unique cognitive, physical, and usability needs
specific to older adults [13].

Given these criticalities, user acceptance is considered
a key factor for the success of any mHealth nutritional
intervention. Existing literature confirms that nutritional
interventions delivered through digital devices targeting
middle-aged and older participants face adoption barriers,
even when the target population has adequate digital literacy
[14]. Identifying and mitigating the underlying causes of
these barriers is therefore essential for achieving the desired
interventional impact.

This work was conducted within the Nutritional App
(NutriA) project, which is part of ON Foods, the Ital-
ian research and innovation network for sustainable food
and nutrition [15]. This project developed a framework
for digital nutrition interventions, including NutriA-IBD
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(NutriA—inflammatory bowel disease), an app supporting
people with IBD [16], and NutriA-Junior (originally
introduced as V-Care) to support lifestyle improvement in
children with obesity [17]. In synergy with the Sustaina-
ble Eating Patterns to Limit Malnutrition in Older Adults
(SENIOR) project, also part of ON Foods, a third app was
developed, namely Nutritional App-Senior (NutriA-S). This
app was conceived because the staff at the Laboratory of
Dietetics and Clinical Nutrition (LDNC) recognized the need
to provide older adults with sarcopenia or probable sarco-
penia with continuous nutritional support to strengthen and
maintain healthy eating behaviors over time.

Sarcopenia is a progressive age-related muscle disease
characterized by the loss of skeletal muscle mass, strength,
and physical function. It reduces mobility, increases the
risk of falls and fractures, and diminishes independent
living. Nutrition plays a crucial role in countering sarco-
penia because the aging body becomes less efficient at
converting dietary nutrients into muscle tissue. Thus, older
adults need a higher intake of high-quality protein to trigger
muscle synthesis, a process that requires adequate literacy.
In addition to nutrition, physical activity represents the other
core dimension in counteracting sarcopenia. Physical exercise
for older patients is carefully selected by the clinician and,
once assigned, requires minimal daily decision-making from
the patient [18-20]. Conversely, modifying eating habits is
more demanding, since information received during clinical
visits can be difficult to remember and implement in daily life
without adequate reinforcement.

NutriA-S was designed as a simple-to-use tool that
prioritizes nutrition education over self-monitoring of dietary
intake, targeting issues especially relevant in later life and in
frail populations, while providing nutrition-related manage-
ment advice for clinical conditions affecting older adults.
Unlike many existing nutrition apps, NutriA-S is a theory-
informed, low-burden educational resource guided jointly by
nutritional priorities and age-friendly usability principles. It
aims to engage users through quizzes, informative content,
and weekly challenges between scheduled visits, while also
enabling remote monitoring of patient participation.

In this paper, we (1) present the rationale and design of
NutriA-S, detailing its development and educational content,
and (2) report the results of a pilot usability study conducted
with age-matched healthy volunteers to assess user-perceived
acceptability and collect actionable feedback for system
refinement. This evaluation serves as a preparatory phase for
launching a randomized controlled trial (RCT) in older adults
with sarcopenia or probable sarcopenia.

Methods
Design of NutriA-S

The authors represent diverse research institutions and
possess complementary expertise encompassing clinical
nutrition, health behavior, information and communications
technology (ICT), and data science. Adhering to estab-
lished best practices for digital health development [21],
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this multidisciplinary team collaborated on the design of
NutriA-S and analyzed the outcomes of the pilot usability
study. Researchers at the Department of Electrical, Com-
puter and Biomedical Engineering (Eng Dept) formalized
the intervention’s underlying ICT infrastructure, designed the
user experience logic, and structured the user interaction
data collected for this pilot study, while staff at LDNC
were responsible for generating educational content. The
design process involved multiple iterative rounds of cross-
disciplinary knowledge exchange. Thus, the clinical team
was familiarized with smartphone app standards to ensure
the interface was optimized for older adults. The technical
team assisted in structuring the app’s interactive elements,
ensuring that the clinical material was properly translated into
a user-friendly digital format.

In the planned RCT, patients will receive standard
in-person clinical care from LDNC staff for the first 6
months, after which NutriA-S will serve as a digital support
tool to sustain engagement during the subsequent 6 months
leading up to the final follow-up visit. To optimize this digital
transition, the NutriA-S architecture was informed by the
COM-B (capability, opportunity, motivation, and behavior)
model and the Behavior Change Wheel (BCW) framework
[22], which theorizes that behavior arises from the interaction
between capability, opportunity, and motivation.

Specifically, NutriA-S targets psychological capability
by delivering structured nutrition education through interac-
tive quiz-based modules, explanatory information boxes, and
immediate corrective feedback, thereby enhancing nutritional
literacy and supporting informed dietary choices. Physi-
cal and social opportunities were addressed by ensuring
high accessibility and minimizing technical barriers. This
includes comprehensive technical onboarding at enrollment,
storing login credentials locally after installation to mini-
mize cognitive load, and planning a dedicated technical
help desk throughout the study, accommodating caregiver
support whenever necessary. Furthermore, NutriA-S interface
elements were tailored to age-friendly usability standards,
utilizing large text dimensions and high-contrast images while
avoiding overly complex interaction modalities, based on
the World Wide Web Consortium (W3C)’s mobile accessibil-
ity guidelines for aging users [23]. Finally, motivation was
targeted through gamified quizzes, motivational feedback,
and a progressive weekly content delivery schedule designed
to sustain attention and encourage self-reflection. Weekly
practical challenges were also introduced at the end of
each module to maximize the real-world application of
the acquired knowledge. Consequently, NutriA-S primarily
operationalizes the education, persuasion, incentivization,
environmental restructuring, and enablement intervention
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functions of the BCW, while other functions, such as
modeling, restriction, coercion, and training, were excluded
from this first app version to serve as potential avenues for
future development.

On the implementation side, the design of NutriA-S was
informed by existing literature addressing behavior change
through mobile interventions. Ahmad et al [24] conducted
a scoping review that analyzed barriers and motivators of
mHealth interventions for older adults, identifying techno-
logical skills, beliefs about consequences, and memory,
attention, and decision processes as the most critical domains
to target for improving digital engagement in this popula-
tion. Guided by these principles, NutriA-S was intentionally
structured to minimize cognitive, physical, and operational
burdens, aligning with additional evidence regarding mHealth
apps [25-28].

The specific educational modules were chosen to reflect
common nutritional inadequacies observed in older popula-
tions [19,20,29-33], focusing on insufficient consumption of
plant-based foods (eg, vegetables and legumes) alongside
inadequate intakes of energy, protein, dietary fiber, calcium,
vitamin D, and water. Content was developed in accord-
ance with current guidelines for the prevention and man-
agement of sarcopenia [18,34,35]. Furthermore, dedicated
modules provided targeted dietary advice for managing
clinical conditions prevalent in older adults, such as ane-
mia, hypertension, diabetes, hypercholesterolemia, gastroeso-
phageal reflux disease, and fall or fracture risks [36-40].
Collectively, these features were designed to ensure that the
intervention was suitable for older adults with heterogeneous
levels of digital literacy and for future deployment in patients
with frailty.

Nutritional Content of NutriA-S

The quiz format supported active learning, delivered
immediate feedback to correct errors, and leveraged
gamification to boost motivation. As shown in Table 1, a total
of 48 interactive multiple-choice questions and 24 nutritional
information items were created based on up-to-date literature
references and classified into 5 thematic categories:

* Unlocking food facts for healthy habits: improve
participants’ nutritional literacy by enhancing their
understanding of macronutrients, micronutrients, and
dietary guidelines, thereby supporting the adoption of
evidence-based healthy eating behaviors [30,31].

» Staying safe with food—“tips for food safety”: raise
awareness of critical food-safety principles, such as
proper food handling, safe storage temperatures, and
cross-contamination prevention, to reduce the risk of
foodborne illnesses [31].
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 Eating for the planet—“sustainability!”: educate
participants on the environmental impacts of dietary
patterns, such as greenhouse gas emissions, water
footprints, and biodiversity loss, promoting sustainable
food choices aligned with frameworks like the EAT-
Lancet Commission recommendations [41-43].

* Preventing chronic noncommunicable diseases:
increase knowledge of how nutrition modulates risk
factors for chronic diseases, including cardiovascular
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diseases [44-46], type 2 diabetes [47], and obesity [48],
highlighting evidence-based dietary patterns such as the
Mediterranean and DASH (Dietary Approaches to Stop
Hypertension) diets [31].

* Decoding food labels: build skills to interpret nutrition
panels, ingredient lists, and health claims, enabling
informed purchasing decisions in line with regulatory
guidance (eg, the European Food Safety Authority)
[49].

Table 1. Thematic categories and nutritional contents of Nutritional App-Senior (NutriA-S).

Main topics

Nutritional information items

Unlocking food facts for healthy habits .

Healthy and balanced: the keys to eating well

e The rule of 5: your simplest path to lasting well-being!

* Health in a glass: what to drink and in what amounts

* Balancing taste and wellness: smart snack ideas

* Legumes and potatoes under the microscope

* Carbohydrates as a source of energy and well-being

¢ Fats: friends or foes?

* Protein power: a quick guide to understanding the best sources and benefits

* Protect your bones: how calcium and vitamin D work together?

* How does food fight anemia and keep your blood flowing smoothly?

* Fibers and wholegrain cereals: a winning combination for gut health

* Smart convenience: ready-to-eat products?

* A pinch of salt, a dash of sense

Staying safe with food: “tips for food .
safety”

Eating for the plant: “sustainability!” .

When, where, and how: expiration dates and proper food storage
* Food safety in your kitchen
Blue gold: our most precious resource

* Greener shopping: bring sustainability to your grocery list!

* From field to table: good for your health, and even better for the planet

Preventing chronic noncommunicable .
diseases

Healthy habits, big wins: how lifestyle choices score against chronic diseases
* Beat the pressure: nutritional tips for tackling hypertension and diabetes

e Smart nutrition hacks to tackle hypercholesterolemia and gastroesophageal reflux

Decoding food labels

¢ From A to Z: learn to read and understand food labels

* Low-content products: when and how to choose “low in...” options without falling for marketing traps

» Eating “Free From”: gluten and lactose explained

All questions and nutritional information items were grouped
into 24 modules. Each module included 2 quizzes and 1
explanatory box that synthesized and briefly explained the
quiz topics to encourage and guide the decision-making
processes in patients. In the planned RCT, modules will
be administered weekly over a 24-week period to avoid
overwhelming patients while maintaining engagement and
encouraging incremental dietary changes, as dictated by the
memory and decision processes domain of the scoping review
[24].

Each module was paired with a practical weekly chal-
lenge designed to help participants translate educational
content into their daily routines. Examples include assem-
bling a balanced plate using the Harvard Healthy Eating
Plate framework (ie, a guide for healthy and balanced meals
[50]), introducing a healthy between-meal snack, prepar-
ing traditional Tuscan soup, cooking nutrient-dense poul-
try dishes, experimenting with whole-grain bread or pasta
varieties, and preparing baked fish. These challenges were
intended to promote self-reflection and facilitate real-world
knowledge application. Additionally, the platform delivered
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automated, tailored feedback based on quiz performance.
This feedback was structured to acknowledge high base-
line comprehension, highlight areas for further review,
or identify concepts requiring fundamental improvement.
Collectively, this architecture was designed to move beyond
passive information delivery by synthesizing active corrective
feedback, actionable goal setting, and repeated exposure to
the educational material.

Finally, NutriA-S incorporated an ad hoc 10-item multiple-
choice eating habits questionnaire to assess participants’
nutritional knowledge at baseline and study end point. This
questionnaire was developed by the LDNC team based on
the Italian dietary guidelines for healthy eating [31]. Aligned
with the app’s educational objectives, the eating habits
questionnaire covered core topics in nutrition, food safety,
and sustainable eating [29,41]. Each correct response was
awarded 1 point, yielding a total score that was categorized
into 3 levels of nutritional knowledge: poor (0-3 points),
fair (4-5 points), or good (6-10 points). A brief format was
selected, as shorter instruments have been shown to reduce
respondent burden in older populations [51]. In the planned

JMIR Form Res 2026 | vol. 10 | e89551 I p. 4
(page number not for citation purposes)


https://formative.jmir.org/2026/1/e89551

JMIR FORMATIVE RESEARCH

RCT, the comparison between initial and final scores will be
used to assess knowledge retention over a 24-week period
and, more broadly, to evaluate the app’s effectiveness in
improving nutritional literacy.

Technical Implementation

The Eng Dept staff addressed three main areas: (1) delivering
questionnaires to assess users’ current conditions and habits;
(2) administering quizzes and collecting answers; and (3)
providing informational content so that users could explore
the topics covered by the quizzes in greater depth, particularly
when they obtained a low score.

Unlike our previous experiences in designing and
implementing mobile apps for telemedicine systems [17,52,
53], NutriA-S did not require complex interaction patterns
among multiple parties for exchanging data. Therefore, rather
than building the system from scratch, we structured it as
an e-learning solution designed through close collaboration
between nutrition experts and computer scientists, in line
with other studies reported in the literature [54]. Specifically,
we decided to leverage Moodle [55], the leading open-
source e-learning platform widely used to deliver educational
content in academic courses and assess learners’ proficiency
through quizzes. Beyond its academic use, Moodle has been
increasingly adopted in health care, although it has been more

Bosoni et al

commonly used for training health care professionals [56]
than for patient-oriented educational interventions, for which
dedicated portals are usually preferred [57]. Nevertheless, we
found that Moodle can also be highly suitable for patient-tar-
geted apps by leveraging some of its specific features.

In addition to browser-based access via a PC, Moodle
provides a dedicated mobile app for both Android and iOS.
This approach was considered useful for simplifying access
because our target population consists of older users, many
of whom do not routinely use a PC. By contrast, most
older adults now own a smartphone and have at least basic
familiarity with mobile apps. Once the app is installed and
configured with the proper credentials and the link to the
associated Moodle server, users can carry out all interactions
by simply tapping the app icon and navigating through the
available links.

Figure 1 shows the NutriA-S deployment workflow and
how the different actors interact with the app. Moodle was set
up from scratch using the open-source codebase on a virtual
machine hosted on Amazon Web Services. This choice was
made to maximize service availability and to simplify system
management, particularly if computational resources need to
be scaled up during the future trial.

Figure 1. The overall architecture of Nutritional App-Senior (NutriA-S), illustrating its workflow and the different actors interacting with it. AWS:

Amazon Web Services.
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As displayed on the right side of Figure 1, the research
team was responsible for creating NutriA-S content using the
customary interface provided by Moodle for administrative
purposes. To this end, we used Moodle’s quiz and question-
naire modules, together with simple files for the educational
content that were rendered in HTML to embed images and
include links to external reference websites. Among all the
modules made available by Moodle, the quiz module was
the most complex because it supported automatic grading
by assigning scores to each possible answer. Thus, for each
weekly quiz, scores were assigned based on answer correct-
ness: 1 fully correct option yielded 100% of the score,
1 or 2 partially correct options yielded 50%, and 1 incor-
rect option yielded 0%. Scores were returned to the patient
shortly after each weekly quiz as immediate feedback, along
with a motivational message that directed the patient to
the relevant nutritional information item to sustain engage-
ment and support retention. Moreover, aggregating a patient’s
score across all quiz categories at the end of the trial could
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help identify domains where further reinforcement might be
needed.

The patient, shown on the left, interacts with the app either
independently or with the support of a caregiver depending
on their ability to use a smartphone. These skills are assessed
prior to enrollment, together with verification that a suitable
smartphone is available. During enrollment, a member of
the support team assists with downloading and installing the
Moodle mobile app, which is available through the major app
stores (Google Play for Android and the Apple App Store for
i0S). This step also includes configuring the app with the link
to our Moodle installation and providing the patient with their
credentials. Once set up, the credentials are stored by the app,
so launching it subsequently requires only a single tap on the
app icon. This was a key reason for preferring the mobile app,
as it reduces the authentication burden typically associated
with web-based applications, thereby addressing the need for
minimal technological skills, as highlighted in the scoping
review [24].
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After a new patient is enrolled, the research team
schedules the release of the educational modules and quizzes.
This includes assigning an initial questionnaire and then
introducing a weekly quiz paired with an educational box
throughout the 24-week study period foreseen by the RCT.
Once a new module is released, or if some degree of
noncompliance is observed, reminder emails can be sent
including a direct link that opens the app to the relevant
module. If persistent noncompliance is observed (eg, the
patient does not access NutriA-S for an extended period),
the support team contacts the participant directly by phone.
A dedicated help desk comprising both LDNC and Eng

Bosoni et al

Dept research staff is also available throughout the study to
remotely support the patient or caregiver.

Figure 2 presents screenshots illustrating NutriA-S’s
visual appearance on a smartphone. Panel (A) shows the
eating habits questionnaire administered at baseline, while
panel (B) depicts an example quiz question screen. Finally,
panel (C) displays a nutritional information item. NutriA-S
was developed in Italian to match users’ native language.
However, selected sections were translated into English for
research and documentation purposes, including the content
displayed in Figure 2.

Figure 2. Sample of 3 screenshots taken on a smartphone running Nutritional App-Senior (NutriA-S).
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Usability Study

After development was completed, a 4-week pilot study was
conducted to assess the usability of NutriA-S. Participants
were recruited through flyers posted in October 2025 in 2
outpatient settings: the LDNC at the University of Pavia
(Pavia, Italy) and the outpatient clinic of Endocrinology and
Metabolism at the Istituti Clinici Scientifici Maugeri (Pavia,
Italy). Healthy volunteers who met the eligibility criteria
were invited to participate. Recruitment involved relatives
and acquaintances of patients attending the 2 outpatient
clinics. Eligibility criteria included self-reported good general
health (ie, no major chronic or acute medical conditions
affecting nutritional status at the time of enrollment) and age
between 65 and 85 years. Given the exploratory nature of
this pilot usability study, participants were restricted to those
aged 65 to 85 years to reduce heterogeneity related to very
advanced age, including sensory, functional, and cognitive
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factors that could independently influence usability outcomes.
This age range was considered appropriate for an initial
usability evaluation before extending testing to the oldest-old
population in future studies.

The research team provided individualized technical
support to assist each participant with downloading and
navigating the platform. After recruitment, the study was
conducted entirely remotely. Participants used the app from
their homes and were monitored via established teleme-
dicine procedures. Additionally, a dedicated LDNC team
member was assigned to each participant as the primary
point of contact. Detailed flyers, containing step-by-step
procedures, help desk information, and direct contact details
were distributed to ensure that support was readily accessible
whenever needed. All participants were informed of the study
aims and procedures prior to enrollment.
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The usability study followed the same deployment
workflow planned for the subsequent clinical study, but on
a shorter time scale, as participants had access to the app
for only 4 weeks. Before configuring the app, a member of
the LDNC team collected baseline demographic variables,
such as age, sex, educational level, and place of residence.
Although some of these variables were not strictly necessary
for the usability assessment, they were collected because
they will be required in the future RCT and allowed poten-
tial issues in the data-collection process to be identified.
When a caregiver was present, data on the caregiver’s age,
educational level, and relationship to the participant (family
member or professional) were also recorded. If the caregiver
was the primary user of the app, this was noted. Digital
literacy of the participant and/or caregiver (if present) was
assessed using the following 5-level scale: (1) very poor:
does not know what an app is and uses the smartphone
only for calls; (2) poor: rarely uses apps and has difficulty
navigating between screens or interpreting messages; (3) fair:
understands what apps are and uses them at a basic level,
with some difficulties in configuration (eg, logging back into
Moodle after session expiration); (4) good: regularly uses
apps and may occasionally overlook details, especially when
facing a new app; (5) very good: fully comfortable installing,
configuring, and using apps on their smartphone.

During the first week, participants were asked to complete
the eating habits questionnaire delivered through NutriA-S.
The results were used to describe baseline dietary habits and
skills in a population comparable to the future RCT popula-
tion. After the first week, all 24 quizzes were unlocked at
once, along with the associated nutritional information items,
rather than releasing 1 quiz per week as planned for the RCT.
This choice was made to allow users to freely explore the
entire app content within a shorter period. In fact, given its
usability-oriented focus, this pilot study was not intended to
demonstrate retention or definitive dietary behavior change;
rather, it aimed to determine whether older adults could
effectively access, navigate, and engage with the app, thereby
guiding system refinements prior to the planned RCT.

The choice of the population for this pilot study involved
convenience and self-selected sampling, which may introduce
biases related to participant motivation, digital literacy,
cognitive ability, health status, and need for caregiver
support. Future studies should evaluate usability among adults
aged over 85 years, who represent an important subgroup
of the target population and may have specific accessibility
needs.

Ethical Considerations

The reference ethics committee for the study was the
Comitato Etico Territoriale Lombardia 6 (CET L6) at
Fondazione Policlinico San Matteo (Pavia, Italy). The pilot
usability study was embedded within the SENIOR study,
which was approved by the Ethics Committee of Istituti
Clinici Scientifici Maugeri (2782 CE, protocol 0043995/24)
and by the Ethics Committee of San Gerardo Hospital,
University of Milan-Bicocca (code: 4881_11.09.2024_M).
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The amendment for the pilot usability study was approved
under protocol 0068982/25.

All eligible participants read and signed an informed
consent form before taking part in the study. When caregivers
were involved, they also provided written informed consent.
To protect participants’ privacy and confidentiality, all data
were anonymized using a study-specific code in the format
t00x. No participant compensation was provided.

Usability Questionnaires and Qualitative
Feedback

At the end of the 4-week study period, a member of the
LDNC team interviewed each participant, administering the
Italian versions of the System Usability Scale (SUS) [58]
and the User version of the Mobile Application Rating
Scale (uMARS) [59] questionnaires. The questionnaires were
administered after providing a clear explanation of the
instructions, as a means of assessing the usability of the app.
Immediately after their completion, the interviewer invited
participants to provide additional comments, which were
recorded verbatim in written form. This allowed users to
self-report perceived strengths or shortcomings of NutriA-S
to inform future system improvements.

The SUS is a validated, simple 10-item questionnaire
designed to assess the usability of a generic technical device
or equipment, not necessarily related to information technol-
ogy. Each item allows 5 response options based on a Likert
scale, ranging from 1 to 5. Its distinguishing feature is that for
the odd items (ie, 1, 3, 5, 7, and 9), a response of 1 means
“strongly disagree,” while a response of 5 means “strongly
agree.” For the even items (ie, 2, 4, 6, 8, and 10), the meaning
is reversed, with 1 meaning “strongly agree” and 5 meaning
“strongly disagree.” This quirk is designed to prevent bias
arising from users answering 1 or 5 to all items.

uMARS is a validated questionnaire specifically designed
to capture the usability of mobile apps by end users. uMARS
is structured into 4 main sections (ie, engagement, functional-
ity, aesthetics, and information), each including 3 to 5 items
and 2 additional sections (ie, subjective quality and perceived
impact) with 4 to 6 items.

Statistical Analyses

Questionnaire responses were converted to a 0 to 4 scale,
aligning item polarity and ensuring that higher values
consistently indicate better usability. For positively worded
items, the score was calculated as the raw response minus
1. Conversely, for negatively worded items, the score was
calculated as 5 minus the raw response. The total SUS score
was calculated by summing the scores of all 10 items and
multiplying the result by 2.5, yielding a final score rang-
ing from 0 to 100. Overall, SUS scores were categorized
using conventional thresholds as acceptable (=68), marginal
(50-67), or not acceptable (<50) [60,61]. For uMARS, we
analyzed both the total score and the scores for each subscale
(engagement, functionality, aesthetics, information and the
additional dimensions, subjective quality, and perceived
impact) score.
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We explored the correlation between SUS and uMARS
scores using Spearman r. Additionally, we tested differences
in overall usability scores (SUS and uMARS) and in each
uMARS subscale across groups defined by digital literacy,
dietary habits, education, caregiver presence, and gender.
Normality was assessed with the Shapiro-Wilk test. Between-
group comparisons were performed using ¢ tests (2 levels)
or ANOVA (more than 2 levels) for normally distributed
variables, and Wilcoxon rank-sum or Kruskal-Wallis tests
otherwise, with Benjamini-Hochberg correction for multiple
comparisons. All analyses were conducted in R software
(v4.3.3; R Foundation for Statistical Computing).

Results

Participant Characteristics

Table 2 summarizes baseline demographics of user partici-
pants. In total, 35 volunteers (n=17, 48.57% were women)
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completed the usability study. The median age was 69.03
(IQR 66.33-73.92) years. Regarding education, over 71.43%
(n=25) had completed high school, and 4 out of 35 had also
attended university. Concerning ICT literacy, most partici-
pants had at least basic app skills, such as browsing and
logging in independently, and 7 out of 35 reported optimal
proficiency. Nine (25.71%) participants needed caregiver
support to use the app (5 were assisted by a son, 2 by a
nephew, and 2 by a partner). The median caregiver age was
39.5 (IQR 27.25-57.50) years.

Table 2. Participant demographic, educational, digital literacy, and dietary habits characteristics.

Characteristics Values (N=35)
Gender, n (%)

Women 17 (48.57)

Men 18 (51.43)
Age (y), median (IQR) 69.03 (7.59)
Caregiver availability, n (%) 9(25.71)
Education, n (%)

Elementary school 2(5.71)

Middle school 8(22.86)

High school 21 (60)

University or above 4(11.43)
Digital literacy, n (%)

Very poor 0(0)

Poor 2(5.71)

Fair 17 (48.57)

Good 9(25.71)

Very good 7 (20)
Eating habits, n (%)

Poor 11 (31.43)

Fair 12 (34.29)

Good 12 (34.29)
SuUS Rating Table 3 reports an exploration of item-level distributions

Overall, NutriA-S had a median SUS total score of 80 out
of 100 (IQR 55-92.50), indicating good perceived usability.
More than half of the participants rated the app as accepta-
ble, and 12 of 35 (34.29%) rated it at least marginal (with
3 users scoring 67.5, just below the 70-point threshold for
acceptable), while 5 of 35 (14.29%) participants provided a
total score below 50 (not acceptable).
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after aligning item polarity. Question 3 (ease of use), question
6 (perceived inconsistency), question 8 (cumbersomeness),
and question 10 (amount of learning required) show the
highest scores on the (0-4) scale. The only item with a lower
central tendency, although still in the middle, compared to the
other statements was question 1 (intention to use the system
frequently), with a median of 2 on the (0-4) scale.
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Table 3. Summary statistics of System Usability Scale (SUS) single-item scores after polarity alignment to a common O to 4 scale (higher is better).

SUS item Score, median (IQR)
Q1 (frequency) 2(2-3)
Q2 (complexity) 3 (2-4)
Q3 (ease of use) 4 (2-4)
Q4 (need for support) 3 (2-4)
Q5 (integration) 3(2-4)
Q6 (inconsistency) 4 (3-4)
Q7 (learnability) 3(2-4)
Q8 (cumbersomeness) 4 (2-4)
Q9 (confidence) 3 (2-4)
Q10 (learning curve) 4 (2-4)

3Q: question.

UMARS Rating

Table 4 summarizes uMARS subscale scores across the 4
core dimensions (ie, engagement, functionality, aesthetics,
and information) used to compute the total score and also
reports 2 additional sections, namely subjective quality and
perceived impact. The overall median uMARS score was

4.08 (IQR 3.68-4.30). Functionality and information showed
the highest median score of 4.5 (IQR 4-4.50 and IQR
4.13-4.75, respectively), followed by aesthetics (median=4.0,
IQR 3.33-4.17). No statistically significant differences were
observed across digital literacy, food habits, education,
caregiver presence, or gender.

Table 4. Summary statistics of User Version of the Mobile Application Rating Scale (uMARS) subscale scores.

uMARS subscale

Score, median (IQR)

Engagement
Functionality
Aesthetics
Information
Subjective quality
Perceived impact

3.60 (3-3.90)
4.50 (4-4.50)
4 (3.33-4.17)
450 (4.13-4.75)

3.25(2.75-3.50)
4 (3.33-4.75)

Table 5 presents summary statistics for each individual
uMARS item, grouped by subscale. The highest item scores
(median 5, IQR 4-5) were observed in functionality and
information, specifically for items on performance (median
5, IQR 4-5), amount of information (median 5, IQR 4-5),
and source credibility (median 5, IQR 4.5-5), as well as in
perceived impact for the awareness item (median 5, IQR 4-5).

Subjective quality had the lowest subscale median (3.25, IQR
2.75-3.50), but only 1 item (ie, payment) showed a median
less than 3 (median 2, IQR 1-2.50). Moreover, although the
customization item within the engagement subscale had a
median 3 (IQR 1-3), it showed a wide dispersion, with several
low ratings.

Table 5. Summary statistics of User Version of the Mobile Application Rating Scale (uMARS) single-item scores.

uMARS subscale and item

Score, median (IQR)

Engagement
Entertainment
Interest
Customization
Interactivity
Target group

Functionality
Performance
Ease of use
Navigation
Gestural design

Aesthetics

4(3-4)
4 (4-5)
3(1-3)
3(3-3)
4 (3-5)

5(4-5)
4 (4-5)
4 (4-4)
4(4-5)
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uMARS subscale and item

Score, median (IQR)

Layout

Graphics

Visual appeal
Information

Quality

Quantity

Visual

Credibility of source
Subjective quality

Recommendation to others

Use and relevance

Payment

Overall rating
Perceived impact

Awareness

Knowledge

Attitudes

Intention to change

Help seeking

Behavior change

4 (3.50-4)
4(3-4)
4 (3-4)

4(4-4)
5 (4-5)
4(4-5)
5 (4.50-5)

4(3-5)
3(2-4)
2 (1-2.50)
4(3-4)

5(4-5)
4 (3.50-5)
4(3-4)
4(3-5)
4(3-5)
4(3-5)

Overall, uMARS scores were positively correlated with SUS
scores (Spearman r=0.57, P<.001), indicating that partici-
pants who perceived the app as more usable on the SUS
also tended to rate its overall quality more positively on the
uMARS.

Qualitative Feedback

After completing the SUS and uMARS questionnaires,
participants were invited to provide additional suggestions,
but only a few participants (8 out of 35) took advantage
of this opportunity. Some users provided general comments
about the overall study rather than feedback specifically
related to NutriA-S, while a subset of comments directly
addressed the perceived usefulness of the app, offering
valuable insights that can inform future improvements. No
formal coding or thematic analysis was conducted, given the
very limited number of feedback comments.

Among these responses, there was a notable interest
in advanced app features and personalization. Two users
expressed a desire for customizable content, specifically
requesting tailored recipes to promote the intake of less
frequently consumed foods. Nevertheless, another participant
perceived such personalization as potentially overcomplica-
ted and unnecessary due to their unfamiliarity with similar
apps. Finally, user engagement levels varied notably. While
1 user actively sought more functionality, such as the ability
to review completed quizzes later and access more external
links to further explore dietary topics, another admitted to
interacting with the app only for the minimum duration
required to complete the quizzes.
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A few participants also commented on the usefulness of
the app for activities of daily living, specifically in the context
of grocery shopping. One participant reported finding the
sections on reading food labels and on low-content products
helpful while shopping at the supermarket. Another noted that
using the app in the supermarket allowed them to draw on
ideas from all modules about what to buy in order to eat
healthily.

Discussion

Principal Findings

In this paper, we detailed the design and implementa-
tion framework for NutriA-S, a dedicated mHealth app
designed to optimize nutritional education for older adults
with sarcopenia or probable sarcopenia, and evaluated its
usability among age-matched healthy volunteers prior to
formal clinical validation.

Overall, NutriA-S showed encouraging usability results.
The median SUS score reached 80 out of 100 (IQR 55-92.50),
above the conventional acceptability threshold of 68 [58],
indicating high usability. The median uMARS score was
4083 out of 5 (IQR 3.68-4.3), with the functionality and
information domains emerging as the highest-rated dimen-
sions. These findings suggest that older adults were able
to effectively access, navigate, and interact with the app
and that they perceived its educational content and inter-
face as credible and intuitive. This is largely attributable to
our efforts to minimize cognitive, operational, and visual
burdens by using a streamlined layout, simplified language,
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and age-friendly design principles [62]. Conversely, lower
scores observed for frequency of use, customizability, and
willingness to pay indicate areas that should be refined before
testing NutriA-S in older adults with sarcopenia or probable
sarcopenia.

While several mHealth apps have been developed in recent
years to support nutrition, the majority focus on weight
management and chronic metabolic conditions such as type
2 diabetes [63]. Most solutions offer self-monitoring and
coaching features, whereas structured educational content
remains sparse. In addition, it is reported that interactive
feedback, gamification, and questionnaires are implemented
least frequently, and very few solutions have been designed or
evaluated exclusively for older populations [63].

The digital nutrition landscape for healthy older adults
and frail cohorts remains highly heterogeneous across
aims, theoretical foundations, and evaluation methodologies.
Among apps evaluated in healthy or independently liv-
ing older adults, Appetitus and NuMob-e-App (Carl von
Ossietzky University Oldenburg) provide valuable bench-
marks [64,65]. Appetitus was introduced within a broader
nutritional educational intervention for healthy community-
dwelling older adults [64]. Although the intervention was
feasible and increased nutritional awareness, most partici-
pants did not use the app afterward because longitudinal
dietary tracking was deemed time-consuming and not useful
in everyday life in the absence of an immediate health need.
Interestingly, a user noted Appetitus’s potential utility during
postsurgical recovery, suggesting that its perceived value may
increase when nutritional monitoring is linked to a concrete
clinical outcome. Similarly, NuMob-e-App was introduced
as a tablet-based dietary record tool for adults aged 70
years or older featuring age-adapted interfaces [65]. While
the app demonstrated relative validity across several dietary
variables, systematic underestimation compared with 24-hour
recalls indicated a need for further refinement. Overall, these
findings support the potential of age-adapted digital tools
in healthy older populations, but also highlight that per-
ceived usefulness, low registration burden, and personalized
feedback are critical determinants of long-term compliance.

When considering digital interventions designed specif-
ically for frail, malnourished, or sarcopenic older popula-
tions, additional structural and methodological challenges
emerge [66-69]. The app Olitor (Oleg Zaslavsky) was
evaluated in a pilot RCT, suggesting potential improve-
ments in Mediterranean diet adherence among frail geriatric
patients [66]. Food’'n’Go was designed to support appetite
and food intake in hospitalized older patients at risk of
malnutrition. Technical immaturity of the app, including
unplanned device restarts and login problems, undermined
independent home use after discharge [67-69]. Conversely,
KOKU-Nut (University of Manchester in collaboration
with Reason Digital) represented a participatory approach,
involving community-dwelling older adults in the develop-
ment of a game-based nutrition tool to prevent nutritional
risk. The app reported promising pilot usability findings,
although comprehensive feasibility trial outcomes have not
yet been fully published [70,71]. Although findings in
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healthy older adults were not encouraging, results from
Appetitus use appeared more favorable among older adults at
risk of malnutrition, among whom the app seemed prom-
ising in promoting awareness of dietary intake. Neverthe-
less, Appetitus remained primarily oriented toward dietary
self-monitoring rather than formal nutrition education, and
usability was not assessed through standardized instruments
[64].

In contrast to these app paradigms, NutriA-S was
designed primarily as a structured educational and motiva-
tional mHealth app tailored for older adults, rather than
a food diary or dietary intake monitoring system. Its quiz-
based format, weekly educational modules, active goal-set-
ting challenges, and immediate feedback were intended to
incentivize participation, promote active learning, and support
self-reflection regarding dietary choices. This educational
focus is particularly relevant for older adults with sarcope-
nia or probable sarcopenia. For this frail population, clinical
guidelines recommend not only monitoring intake but also
actively improving comprehension of energy density, protein
requirements, hydration, micronutrient adequacy, food safety,
and diet-related management of common chronic conditions
[18,34,35].

Regarding the usability outcomes, the median SUS score
of 80 (IQR 55-92.5) observed for NutriA-S is aligned
with the upper range of usability reported for comparable
digital nutrition tools [72-77], despite the well-documented
accessibility barriers associated with older age and het-
erogeneous levels of digital literacy. For instance, tablet-
based e-coach systems developed for geriatric rehabilitation
settings have shown progressive improvements in usabil-
ity across iterative design cycles, with SUS scores shift-
ing from acceptable baselines to good or excellent ranges
following user-informed modifications [72,74]. Similarly, a
pilot digital assistive system combining a food diary with
mobility monitoring achieved a mean SUS score close to 80
among adults aged 70 years and older [73]. Other dietary
tools, including a voice-supported mobile food reporting app
evaluated in an RCT [76] and the graphical food-frequency
app eNutri [77], further support the feasibility of achieving
high usability scores in older adults. Notably, participants
gave relatively low ratings only to the specific item regarding
projected frequency of use. This trend may suggest that as
users acquire nutritional literacy and healthier eating habits,
they view the app as less of a daily necessity. Alternatively,
a low intended frequency of use could indicate that the
platform requires further refinement to enhance independent
user engagement.

A significant methodological contribution of the present
study is the combined use of SUS and uMARS. While
SUS allows comparison with a broader body of usa-
bility studies in older adults [78], uMARS provides a
multidimensional assessment across engagement, functional-
ity, aesthetics, information quality, subjective quality, and
perceived impact [59]. In our sample, a moderate, statistically
significant, positive correlation was observed between the 2
scales (r=0.57, P<.001). This indicates that participants who
perceived the app as more usable on the SUS also tended

JMIR Form Res 2026 | vol. 10 189551 I p. 11
(page number not for citation purposes)


https://formative.jmir.org/2026/1/e89551

JMIR FORMATIVE RESEARCH

to rate its overall quality more positively on the uMARS,
suggesting that the 2 questionnaires assess related yet distinct
constructs. Using both scales during this pilot usability study
allowed the research team to gather highly granular data
across specific software quality dimensions that are inher-
ently captured by the uMARS but are absent from the
SUS. Conversely, only the SUS will be administered during
the subsequent RCT. Given that the SUS is significantly
shorter and cognitively less demanding, its exclusive use will
minimize respondent burden while still providing a reliable,
standardized, and validated metric of overall system usability
in older adults with sarcopenia or probable sarcopenia.

The high ratings observed in this study for the function-
ality and information uMARS subscales suggest that older
participants perceived NutriA-S as both technically robust
and highly credible in its educational content. Conversely,
the lower scores recorded for the subjective quality subscale
highlight specific areas for future development. Subsequent
iterations of NutriA-S should incorporate tailored personaliza-
tion features, such as optional automatic reminders, custom-
ized recipes, or links to additional nutritional resources,
while carefully avoiding operational complexity for users
with limited digital literacy. Although some of the weekly
challenges concerned dish composition or culinary sugges-
tions, only basic principles were provided, rather than
complete, precisely measured recipes. Furthermore, some
of the lower ratings recorded within the subjective quality
subscale of uMARS can be contextualized. For instance, the
low uMARS score for the willingness-to-pay item may reflect
expectations shaped by the Italian health care system, which
provides comprehensive coverage of medical expenses based
on age and income. Consequently, participants may implicitly
expect digital health interventions like NutriA-S to be free of
charge. Nevertheless, this finding should not be dismissed, as
a limited willingness to pay could also suggest that nutrition
is still perceived as a secondary component of wellness rather
than a primary pillar of healthy aging.

Study Limitations

This study has several limitations that should be acknowl-
edged. First, as a pilot usability study, this trial was
characterized by a relatively small sample size and was
neither designed nor statistically powered to evaluate clinical
outcomes or long-term dietary behavior change. Second,
the evaluation was conducted with healthy older volun-
teers, recruited via a convenience and self-selected sampling
approach. This strategy introduced a selection bias, as our
participants may differ substantially from the target end users,
namely older adults with sarcopenia or probable sarcopenia,
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across critical dimensions such as health status, baseline
motivation, digital literacy, cognitive ability, and the need
for caregiver support. Therefore, usability, engagement, and
retention may differ when NutriA-S is deployed in patients
with frailty, malnutrition, or sarcopenia. Third, the usability
study lasted only 4 weeks, whereas the planned interven-
tion in the RCT will span 24 weeks. Consequently, this
brief evaluative window prevents any definitive conclu-
sions regarding long-term therapeutic adherence, sustained
digital engagement, or longitudinal knowledge retention
over extended periods. Fourth, the study did not include
a comparator group receiving conventional paper-based
nutrition education, leaving the exact relative advantage of
the interactive digital format over traditional educational
materials unquantified at this stage.

Conclusions

This pilot study indicates that NutriA-S is a highly usable,
intuitive, and credible digital intervention for older adults.
More broadly, these results suggest that older populations
are not fundamentally averse to digital health technologies;
rather, their engagement depends on intuitive and low-burden
design paradigms that offer immediate practical utility.

To secure long-term adherence during the planned RCT,
the upcoming version of NutriA-S will explore the inclusion
of low-complexity gamified elements, such as digital badges
and progression milestones, which have proven effective and
highly appreciated among older demographics [79]. Further-
more, in response to the qualitative feedback collected during
this pilot study, features such as integrated links to tailored
recipe videos will be explored in addition to the current
links to authoritative scientific sources, satisfying the user
demand for deeper practical resources without complicating
the primary interface.

A future version of NutriA-S will also explore the
introduction of selected personalization features, such as
reminders and customizable layouts. Given that these options
were initially excluded to safeguard the target population
from cognitive fatigue, their future integration will be
carefully designed to prevent the operational complexity that
could compromise usability for users with limited digital
literacy. Finally, given the theory-informed nature of the app,
future development could incorporate additional functions
addressing other components of the BCW, such as modeling,
restriction, coercion, and training, to further strengthen the
intervention’s behavioral impact while strictly preserving its
streamlined and accessible design.
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