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Featured Application

mHealth intervention to promote physical activity and healthy nutrition to counter aging-
related decline and reduce cardiovascular and metabolic disease risks.

Abstract

The evolution of the mHealth era offers the possibility of behavioral interventions to pro-
mote changes in lifestyle habits with prevention relevance. These tools are considered
digital therapeutics (DTx) and follow the MDR 745/2017 for testing, validation, and cer-
tification. In the frame of the ACTIVE3 project, we developed a platform composed of a
mobile app, a wearable device, and a cloud backend to support healthy aging intervention
in a population of 60–80-year-old subjects. This paper describes the clinical trial proto-
col and the baseline data of the recruited population. The explored parameters describe
the effect of the DTx in the physical, nutritional (and metabolic), and cognitive domains,
leveraging the Walking Group initiatives coordinated by ATS Brianza that are active in
the Lecco area; in addition, system usability and acceptance were analyzed. The study
started on 1 September 2024, and the analyzed baseline data are presented here. With
respect to an expected population of 200 subjects, we received interest and consent to
participate from 237 subjects: over-enrollment was allowed and all these subjects were
accepted into the study. The characterization of the study population at the initial time of
the trial was carried out, and the outcomes are presented here. The population is generally
more active than Italian people of the same age. According to the outcome of the 6MWT,
the population was divided into three groups: trained participants (42 subjects), active
participants (142 subjects), and sedentary participants (58 subjects). The tests at month 12
were recently competed, and the final results will be available in winter 2025–2026.

Keywords: healthy aging; digital therapeutics; app and wearable platform; randomized
clinical trial protocol; physical activity; nutrition; baseline data
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1. Introduction
The United Nations organization has declared the period 2021–2030 the Decade of

Healthy Aging [1], based on epidemiological data highlighting a rapid increase in the
elderly population not only in developed countries but also in middle- and low-income
countries. In this context, the demographic evolution of Italian society over the last twenty
years, combined with the increase in life expectancy achieved thanks to advances in pre-
vention and treatment approaches, makes the share of the population over 60 increasingly
significant [2]. This population group is heterogeneous but includes a significant portion
of individuals still working or functioning well personally and socially, although they are
often afflicted by one or more chronic diseases or present risk factors for future acute or
chronic pathological events. Our scientific findings after a simple search in the PubMed
repository, which extracted 166 publications on clinical trials and randomized controlled
trials in the period 2020–2025 using the following keywords: “ healthy lifestyle, preven-
tion, physical activity, elderly”, confirm that adopting healthy lifestyles, including regular
physical activity and a healthy diet, can have a beneficial impact in terms of reducing the
risk of neurological and cardiovascular diseases by modifying parameters related to these
risks [3]. Among these, Body Mass Index (BMI), systolic and diastolic blood pressure (BP),
and glycemic and lipid levels play a particularly important role. In addition to physical
activity and diet, other parameters, such as satisfactory social interaction, can positively
influence healthy aging, resulting in cost reductions due to the lower incidence and impact
of acute and chronic diseases. In the same extracted studies, several suggest that the active
involvement of recipients of interventions aimed at modifying lifestyle habits is a key factor
in determining the success of such interventions [4–16].

In this line of research, the increasing diffusion of basic digital skills—digital
literacy—even among the over-60 population suggests that people can benefit from
mCoaching approaches. However, the adherence to and effectiveness of such empower-
ment models depends on multiple factors, like the specific target (physical activity, nutrition,
physiological or mental health factors, social factors, etc.), the cultural and educational
background of participants, and the sociodemographic contexts where their potential large-
scale application is expected. Focusing on physical activity and nutrition, which are the
main targets of this present study protocol, a Spanish multicenter randomized controlled
trial demonstrated a positive short-term (3-month) effect on physical activity and adherence
to a Mediterranean diet using a dedicated app. However, the population targeted by the
intervention had an average age of 50 years [6]. In another similar study, the same research
group evaluated the effect of mHealth intervention at 3 and 12 months on arterial stiffness
and central hemodynamic parameters in a sedentary population with overweight and
obesity. Their study offers an interesting perspective about the adherence rate of mHealth
interventions: they recruited 253 subjects at the initial visit, 237 of them (93.7%) completed
the visit at 3 months of the intervention, and 217 (85.3%) completed the visit at 12 months,
i.e., at the end of the intervention [17].

In the frame of the Work Package 2 of the project “Active3—Everyone, Everywhere,
Everyday” in the Lecco area, we designed and developed a coaching app to promote
physical activity as a preventative tool for healthy aging in those aged 60–80. The objective
of WP2 of the Active3 project is to develop a digital solution for promoting and monitoring
physical activity in social settings (real or virtual) that implements a preventive medicine
approach to healthy aging. Specifically, the objective of the action related to Work Package
2 is to develop a personalized, data-driven coaching platform co-designed with local
healthcare services (ATS Brianza, the Territorial Health Agency), clinicians, technologists,
designers, and management engineers to stimulate and promote an active lifestyle and
prevent health risks among the over-60 population in Lecco and its province.
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Healthy aging initiatives, such as the walking groups coordinated by ATS Brianza,
are already active in the Lecco area. This personalized coaching platform aims to leverage
these initiatives for prevention and treatment purposes. The goal is to:

• Create a user-friendly technological tool for local healthcare services (ATS)/clinical
organizations to promote physical activity as a driver of lifestyle-based prevention;

• Test this digital therapeutic practice (with a clinical study) on a cohort of 200 individu-
als to validate its usability, adherence, and preliminary efficacy.

This paper aims to describe the methodological approach used for the implementation
of the predicate digital therapeutics, the clinical protocol defined to analyze the impact of
this multidimensional approach, including the use of an e-coaching platform to promote
healthy aging, on the adherence to the intervention and quality of life of individuals over 60,
aged between 60 and 80, in the Lecco area, and the baseline data of the recruited subjects.

2. Materials and Methods
2.1. The Active3 Platform

The platform is composed of three elements:

- The app;
- The wearable device;
- The dashboard.

The Active3 app recorded steps and heart rate, kept a weekly food diary, and provided
motivational feedback to encourage sedentary individuals to become active (150 min of
physical activity weekly) and active individuals to maintain a healthy lifestyle (Figure 1).

 

Figure 1. The Active3 app and its main sections (from left to right): home page, personal dashboard,
pathways to walk, rankings, nutritional tips, personal physical statistics.

The measuring device was a non-medical device (Garmin VivoActive 5®, Olathe, KS,
USA) selected after a comparative analysis and reliability assessment for steps and distance
measurement, and it measured steps, speed, and heart rate. The device was given to all
participants free of charge. The Active3 app, developed for Android and iOS platforms,
was the software with which participants interacted with the Active3 project.

In particular, the app was divided into four main sections:

- Movement data;
- Walking group and activities;
- Rewards;
- Tips (nutrition and activity);
- Profile.

The app was connected via SpikeAPI to the Garmin VivoActive 5 wearable device.
Through this software library, the app was able to record all steps and physical activity
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data measured by the wearable device. The collected data were stored in a cloud database
(Google Firebase) so that they could be analyzed at the end of the clinical study and used
to generate rewards and rankings. The recorded data were:

- Number of steps taken daily;
- Minutes of moderate activity per day;
- Minutes of vigorous activity per day;
- Minutes of inactivity per day;
- Distance traveled;
- Heart rate (HR);
- HR at rest.

The walking group and activity section allowed participants to view the routes and
schedules of the walking group. The app was also a means of communicating with
participants about the event calendar, confirming attendance and viewing routes, and
allowing them to follow the routes via GPS. Steps and minutes of moderate/intense activity
were measured by means of the Garmin VivoActive 5 smartwatch so that the measurements
were always active regardless of whether the phone was with the user or not. During
organized walking groups, the path was recorded by smartphone GPS. The accuracy was
dependent on the smartphone used, but thanks to the Kalman filter algorithm, the accuracy
was improved by clinical partners, especially during forest pathways. Based on gender,
age, and their health status, each participant received a goal for steps and minutes of
activity. This goal was always visible on the main screen of the app. Considering this
goal and how GPS measures activity, users received rewards in terms of virtual fitness
coins (“fitcoins”) to establish a social ranking. This incentivized users to reach their
goals. Furthermore, the app included a leaderboard, allowing users to view their ranking
based on their physical activity and receive additional rewards in case of further physical
activity exceeding the recommended action. The goal was not to test the competitive factor
among participants but rather to encourage individuals to engage in physical activity with
the aim of obtaining a final reward. Patient engagement is recognized in the scientific
literature as a key factor in improving clinical outcomes, treatment adherence, and the
sustainability of healthcare systems. More highly engaged individuals show higher levels
of activation, self-management skills, and participation in decision-making processes, with
positive effects on both the quality of care and the reduction of healthcare costs [18,19].
In this context, several studies highlight how reward mechanisms—understood not only
as financial incentives but also as symbolic recognition, positive feedback, gamification,
and motivational reinforcement—can play a significant role in supporting and sustaining
engagement over time.

In particular, digital interventions and eHealth programs that integrate reward sys-
tems have been shown to promote healthy behaviors, increase treatment adherence, and
strengthen patients’ intrinsic motivation [20,21]. The application also included a section
containing dietary suggestions in the form of tips and recipes aimed at increasing aware-
ness of eating habits and promoting adherence to the Mediterranean diet, which is widely
recognized as one of the most effective dietary patterns for health promotion and the
prevention of chronic diseases, representing a fundamental pillar in healthcare. Numer-
ous epidemiological studies and clinical trials have shown that high adherence to the
Mediterranean diet is associated with a significant reduction in the risk of cardiovascular
diseases, type 2 diabetes, obesity, certain types of cancer, and cognitive decline [22,23].
The tips section offered users “health tips” for staying more active and eating healthily.
This section of the application was developed by a team of clinical nutritionists and was
informed by a Mediterranean diet adherence questionnaire (with the calculation of the
corresponding dietary score) administered to the study participants prior to the platform’s
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design in order to obtain a preliminary overview of the population’s main dietary habits
and to support the development of targeted recommendations. This section functioned as
a blog, allowing users to read these tips. Users can also activate notifications to receive a
message when a new tip is added to the app. Users did not receive catering because there
is a wide availability of products and food for the Mediterranean diet in the surrounding
markets and malls. The nutritional and recipe tips also stimulated shopping activity so that
physical activity and cognitive exercise (memory for products, money management, social
relationships, etc.) were reinforced.

All data, tips, and rewards were saved in the cloud. For privacy reasons, the database
was pseudonymized, meaning all user data were linked to an alphanumeric identifier
and not directly linked to the individual. Only by accessing the personal database was it
possible to link sensitive data to the individual.

The app’s profile section also included a questionnaire on eating habits based on the
Mediterranean diet. The profile section included a button to request account deletion; this
option allowed for all data to be deleted from the cloud databases as required by the GDPR.
Users could also request a copy of their data from administrators.

2.2. The Clinical Study

As part of the Active3 project, to test the usability of the app’s digital therapeutics
(DTx) intervention for the prevention of cardiovascular and metabolic risk, in WP2, we
conducted a clinical trial entitled “Randomized study of healthy lifestyle promotion us-
ing an app versus health education in sedentary individuals or participants in walking
groups aged 60 to 80.” The study was registered on ClinicalTrial.gov with the identifier
NCT07350915. The protocol was configured as a randomized controlled clinical trial on
the impact of a multidimensional approach to the empowerment of people over 60 with
respect to the adoption of a healthy lifestyle. This study aimed to analyze the impact of a
multidimensional approach involving the use of an e-coaching platform to promote healthy
aging on the adherence to the intervention and quality of life of individuals aged 60 to 80
in the Lecco area. The secondary objectives of the study included changes in risk factors,
such as blood pressure, obesity, and glycemic and lipid control, as well as changes in the
neuropsychological profile in terms of cognitive performance. Specifically:

- The primary endpoint of the study was adherence at 12 months, calculated as the
percentage of individuals still following the protocol at 12 months, i.e., using the
app or undergoing the scheduled evaluations if randomized to the control group.
Co-primary endpoint usability was assessed;

- The secondary endpoint was represented by changes in blood LDL levels, whereas a
number of other variables were exploratory endpoints, including shifts in glycemic
levels, BMI, blood pressure, performance in the 6 min walking test, and changes in
scores at neuropsychological evaluation.

2.3. Inclusion and Exclusion Criteria

The clinical study had the following inclusion criteria:

- People aged between 60 and 80 years;
- People able to provide valid written informed consent.

The only exclusion criterion was the presence of different comorbidities (for typology
or severity) that according to the judgment of the clinician, the proposed physical activity
is contraindicated for; otherwise, the adherence could be affected.
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2.4. Randomization and Allocation

The clinical validation was planned to be conducted on 200 healthy subjects aged
60–80, recruited from participants in walking groups (active) or students at the University
of the Third Age (sedentary). All participants provided informed consent to the study after
an informational interview with the investigators and participated voluntarily. They were
planned to be randomized into two groups (intervention and control). The study used
pseudonymization with codes relating to the four groups of subjects, which was carried
out through randomization and consecutive numbering. Data matching was implemented
only in the event of incidental findings during testing and the study. Recruitment was
conducted in collaboration with the territorial health authority, and testing was conducted
in collaboration with the reference hospital for the area (blood and psychological tests) and
Villa Beretta (physical and physiological tests).

A group of 100 individuals was originally planned to be recruited, consisting of those
who had already participated in walking groups coordinated by ATS in the Lecco area,
alongside 100 sedentary individuals. Individuals were followed for 12 months, and primary
and secondary outcome parameters were monitored before the start of the program and at
the midpoint (6 months) and final 12-month intervals. Participants were randomly allocated
to four different study groups according to gender, age, BMI, and the 6 min walking test
(6MWT) score (this parameter was used to define sedentary, active, or trained people):

• Group A1: Fifty individuals from the walking groups who received APPs and wear-
ables for 12 months;

• Group A2: Fifty individuals from the walking groups who did NOT receive APPs and
wearables for 12 months (control group);

• Group B1: Fifty sedentary individuals from the same area/municipalities who received
APPs and wearables;

• Group B2: Fifty sedentary individuals, preferably from the same area/municipalities,
who were not given apps or wearable devices.

All participants were administered a questionnaire on eating habits, BMI assessment,
blood pressure, heart rate, 6MWT, the SF-36 quality of life scale, and neuropsychological
tests. Blood samples were drawn for blood glucose, glycated hemoglobin, triglycerides,
and cholesterol (total and LDL). The battery of neuropsychological tests administered
includes the Mini Mental Scale Examination (MMSE) and specific tests for different cog-
nitive domains, such as the digit span test, the 15-word list, figure copying and recall,
Raven matrices, attentional matrices, the Boston naming test, the Trail Making Test, and
the Wisconsin Test (short version). Usability evaluation was conducted using the System
Usability Scale (SUS) and Technology Acceptance Model (TAM) questionnaires.

All individuals were tested according to the following initial, intermediate, and final
screening schedules:

(a) At month 0 (= recruitment): all evaluations;
(b) At month 6 (excluding neuropsychological evaluations);
(c) At month 12 (end of the study): all evaluations.
The app was powered by baseline data to provide personalized goals, both regard-

ing suggested changes in dietary habits and the type and amount of physical exercise
required/proposed. The goals were set by the app on a weekly basis.

The wearable provides information on activity time, number of steps, distance traveled,
and heart rate.

A week of physical activity monitoring was planned at the start of the trial. Based on
the individual results of this monitoring, the app set differentiated goals.

The goal table for people belonging to different age groups and levels of active lifestyle
was set as follows:
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- For sedentary or active participants, for the period of month 0–month 6:

60–70 Years > 3000–4000 Steps Daily and 90 Min of Physical Activity;
70–75 Years > 2100–3500 Steps Daily and 75 Min of Physical Activity;
75–80 Years > 1800–2800 Steps Daily and 70 Min of Physical Activity.

- For sedentary or active participants, for the period of month 6–month 12:

60–70 Years > 6000–8000 Steps Daily and 150 Min of Physical Activity;
70–75 Years > 4500–7500 Steps Daily and 130 Min of Physical Activity;
75–80 Years > 4000–7000 Steps Daily and 120 Min of Physical Activity.

- For active to trained participants, for the period of month 0–month 6:

60–70 Years > 6000–8000 Steps per Day and 200 Min of Physical Activity;
70–75 Years > 5500–7500 Steps per Day and 180 Min of Physical Activity;
75–80 Years > 5000–7000 Steps per Day and 150 Min of Physical Activity.

2.5. Endpoints of the Study

As the platform was intended to promote a multimodal intervention that is recom-
mended for a better prevention impact [24], different endpoints in the three main do-
mains were expected: physical, metabolic, and cognitive. The primary objectives of the
study were:

1. Adherence to the proposed program measured by the duration of use of the platform
(app) and number of programs completed;

2. Analysis of the usability of the platform using the SUS questionnaire.

Instead, the secondary objective of the study was defined as the preliminary evaluation
of the clinical efficacy of the behavioral intervention by assessing the changes in LDL choles-
terol levels; concerning other indices of efficacy of the intervention, we also considered the
following secondary metabolic, cognitive, physical, and behavioral parameters:

3. Changes in BMI (metabolic);
4. Changes in systolic and diastolic BP (metabolic);
5. Changes in glycated hemoglobin levels (metabolic);
6. Changes in psychometric test scores (cognitive);
7. Changes in 6MWT score (physical);
8. Transition from a sedentary lifestyle to moderate physical activity, according to the

WHO recommendations (behavioral).

Upon enrollment in the study, all participants were provided with information
brochures containing recommendations for healthy living, particularly regarding diet
and physical activity. Group data were analyzed separately, comparing pre- and post-
intervention data for each group. Statistical analyses used parametric and non-parametric
tests for continuous variables, while Fisher tests were used for dichotomous variables. Data
relating to pre- and post-study changes in each subgroup were analyzed using Student’s
t-tests for paired data. A separate analysis was also planned for the dropout group to
highlight any differences in their pre-trial clinical profile compared to participants who
remained active at 12 months.

Regarding the evaluation criteria to assess the study outcome, we used the following grid:

- For the primary endpoint of adherence, a percentage of individuals still actively
following the proposed program of 70% in the intervention group is considered
satisfactory. The literature on clinical studies of this type shows that, for example,
empowerment interventions aimed at lifestyle changes or the adoption of specific
diets are burdened by a dropout rate from 15% to about 30% [25,26];
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- For the primary endpoint of usability, an average SUS score of 75 in the intervention
group is considered satisfactory.

3. Results
This section is divided into the two main outcomes at this level of the study:

(a) enrollment and (b) description of the baseline of the population health at recruit-
ment (month 0). A statistical analysis was performed using NCSS statistical software
Version 24.0.7.

3.1. Enrollment

In the recruitment phase, we received interest from 243 subjects, and after a pre-
eligibility check and informed consent approval and signature, a total of 237 subjects (mean
age: 69.11, SD: 4.95) were enrolled in the study with a well-balanced age distribution among
them (Figure 2. This number exceeded the original prevision but we encountered an enthu-
siastic engagement, so decided to enlarge the threshold. Through stratified randomization
by gender, age, BMI, and 6MWT distance used to define sedentary, active, or trained people,
we allocated 100 participants to the control group and 137 subjects to the intervention
group after the execution of the 6MWT that was used to obtain the three clusters of subjects
in the function of their starting physical functioning level (sedentary, active, trained). This
decision was made to have a larger intervention group for the reason of a possible dropout
rate that could impact the results. The control group that was composed of people continu-
ing their normal lifestyles and receiving only a standard educational program and related
material was expected not to have any risk of dropout.

Figure 2. Descriptors of the population at the enrollment of the clinical study: numerosity of subjects
by age range (interval amplitude: 2 years).

In this study, we decided not to limit the intervention group to the initially planned
100 participants. This decision stems from the expected efficacy of digital therapeutics in
supporting healthy lifestyle changes [27]; therefore, we aimed to broaden the access to a
beneficial tool for counteracting aging. While this choice results in an imbalance between
the groups and a subsequent reduction in statistical power, it was considered acceptable
for the following reasons:

(i) The participants belong to a highly homogeneous group (as evidenced by their
general characteristics), which significantly reduces the risk of randomization bias;
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(ii) A higher dropout rate may occur within the intervention group due to potential
technical issues related to app usage, which could ultimately rebalance the group sizes.

Of course, participants were not blinded to the study because the intervention meant
the distribution of the system. Thus, after the explanation of the protocol and the informed
consent signature, random allocation to the intervention or control groups with the provi-
sion of the app and wearable device made the subjects aware of this. Pseudoanonymization
was used by the researchers to manage the eventual adverse events or incidental findings.

Regarding gender distribution, a total of 153 female participants (65.1%) and 82 male
subjects (34.9%) were enrolled (Table 1), and age distribution was well balanced (Figure 2).

Table 1. Participant characteristics and baseline data.

Group without App (No.: 100) Group with App (No.: 137)

Gender M 34%–F 66% M 36.36%–F 63.64%
Age (years—M ± SD) 70.55 ± 4.96 69.87 ± 4.96

Glycemia (mg/dL—M ± SD) 96.61 ± 18.33 94.51 ± 15.86
Glycated Hemoglobin (%—M ± SD) 5.71 ± 0.54 5.64 ± 0.42
Total Cholesterol (mg/dL—M ± SD) 211.24 ± 35.79 207.01 ± 43.39
LDL Cholesterol (mg/dL—M ± SD) 131.88 ± 34.04 125.1 ± 37.49

Triglycerides (mg/dL—M ± SD) 106.49 ± 48.85 101.58 ± 51.63
6MWT (meters—M ± SD) 544.55 ± 68.02 549.63 ± 62.07

Dietary Score (0–40—M ± SD) 27.87 ± 3.70 27.59 ± 3.73

During the enrollment, the subjects also compiled an anamnestic questionnaire to
frame their health in a more complete assessment. This was very interesting to understand
the comorbidities of the sample population so that the intervention could also be integrated
in a personal and social format along with the goals. The categories of comorbidities
were 15 in total, (Figure 3) and the rate of occurrence in the population for the first five
pathologies was:

 
0.00% 5.00% 10.00% 15.00% 20.00% 25.00% 30.00% 35.00% 40.00% 45.00%

Heart Diseases
Hypertension

Respiratory diseases
Glaucoma

Polyneuropathy
Diabetes

Dyslipidemia
Thyroid Diseases

Strokes
Osteoarticular Diseases

Tumor
Insomnia

Depression
Parkinsonism

Comorbidities

Figure 3. Comorbidities shown in the recruited population.

Hypertension: 40.50%;
Dyslipidemia: 28.10%;
Respiratory diseases: 17.36%;
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Thyroid disease: 12.81%;
Heart disease: 10.33%.
Remarkably, despite the population of this study being a selected subgroup of the

general population, with a high rate of active individuals who were all motivated in joining
this initiative, the frequency of morbidities was very similar to the one reported for the
general population of the same age cohorts by the territorial Health Agency (ATS) in the
Lecco and Brianza areas in 2023 [28]. As expected, hypertension and dyslipidemia were
the most common pathologies in the population. The most interesting aspect was the high
rate of thyroid disease, which has more of an impact than diabetes (occurrence: 9.09%) on
this population.

The analysis of the recorded comorbidities revealed significant differences by sex:
diabetes was more prevalent in males, and osteoarticular diseases and thyroid dysfunction
were more prevalent in females (Table 2). No significant differences were observed by age.

Table 2. Statistically significant prevalence in comorbidities data by sex.

Comorbidity Population Count = 0 * Count = 1 * Total

Diabetes
F 145 8 153
M 69 13 ** 82

Total 214 21 235

Osteoarticular
Diseases

F 114 39 ** 153
M 80 2 82

Total 194 41 235

Thyroid
Diseases

F 123 30 ** 153
M 81 1 82

Total 204 31 235
* 0 = Absence of the comorbidity; 1 = presence of the comorbidity. ** Statistically significant difference (p < 0.05)
with prevalence over the other group.

3.2. Baseline Data on the Control and Intervention Populations

After recruitment, we defined a 2-week period for the intensive scheduling of the
visits for all participants to measure the baseline levels of the three intervention domains
(physical, metabolic, and cognitive) through the parameters described in the protocol.
Specifically, we adopted BMI, HR at rest and at the end of exercise, and 6MWT to describe
the physical and lifestyle categories (sedentary, active, and trained according to the walked
path with respect to the expected one as defined in Ref. [29]). For physiologic and metabolic
status, we carried out a blood examination to measure blood glucose, glycated hemoglobin,
triglycerides, and cholesterol (total and LDL), along with the questionnaire of Mediter-
ranean diet adherence. The assessment of the cognitive status was carried out through the
battery of neuropsychological tests (MMSE, digit span test, the 15-word list, figure copying
and recall, Raven matrices, attentional matrices, the Boston naming test, the Trail Making
Test, and the Wisconsin Test—short version).

3.2.1. Physical Activity Baseline Data

The 6MWT showed that the overall performance was very good for the population,
and as expected, male subjects presented a better performance than females for people in
the age range of 60–70 years compared to 71–80 years (Figure 4a,b).
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(a) (b) 

Figure 4. 6MWT data (the walked path in m; mean and SD): (a) for male and female populations;
(b) by age range (Age_Cat2 = 1 are subjects within the 60–70 years age range; Age_Cat2 = 1 are
subjects within the 71–80 years age range).

By comparing the actual 6MWT performance versus the expected walking path as
determined by Duncan et al. [29] in the functions of sex and age, we clustered the population
into two categories: sedentary people (who performed a 6MWT distance < 92% of the
expected path) and active people (who walked between 92 and 108% of the interval of
the expected path). The population performed very well: 59% were active people, while
only 24% had sedentary behavior. The interest and participation in hiking and outdoor
activities for the Lecco citizens led to 17% of active people (Figure 5b). In the population,
40% of people presented a healthy weight, while 58% had overweight (42%) or obesity
(16%) (Figure 5a).

(a) (b) 

2%

40%

42%

11%

5%

underweight

healthy weight

overweight

obesity I

Obesity II-III-IV

BMI distribution

24%

59%

17%

Sedentary

Active

Trained

Lifestyle

Figure 5. Physical descriptors of the population at the enrollment of the clinical study: (a) BMI;
(b) lifestyle defined in relation to the 6MWT performance.

https://doi.org/10.3390/app16052239

https://doi.org/10.3390/app16052239


Appl. Sci. 2026, 16, 2239 12 of 16

3.2.2. Metabolic Baseline Data

Blood sampling data (Table 3) evidenced a prevalence of hypercholesterolemia (both
total and LDL levels) in the population: respectively, 63% for high LD levels and 57% for
total LDL levels. Triglycerides were in the normal range for 87% of the population; also,
glycemia (73% of people in the normal range) and glycated hemoglobin (87% of people in
the normal range) showed a very good outcome.

Table 3. Basic metabolic parameters of the analyzed population and percentage distribution.

Parameter Range Population Rate (%)

LDL Cholesterol
<70 mg/dL 9%

70–115 mg/dL 28%
>115 mg/dL 63%

Total Cholesterol
<200 mg/dL 43%

200–239 mg/dL 34%
≥240 mg/dL 23%

Triglycerides
<150 mg/dL 87%

150–199 mg/dL 7%
≥200 mg/dL 6%

Glycemia
≤99 mg/dL 73%

100–125 mg/dL 22%
≥126 mg/dL 5%

Glycated Hemoglobin (Hb)
<4% 1%
4–6% 85%
>6% 14%

3.2.3. Cognitive Baseline Data

About cognitive data, among the set of tests administered to the population, the
most widely adopted and that most completely describes the cognitive performance of
the enrolled population is MMSE. The MMSE score is interpreted on a scale from 0 to
30, with lower scores indicating cognitive impairment. A score of 26/30 or higher is
generally considered normal. MMSE scores in the range between 26 and 24 are the index
of a borderline condition worthy of further analysis. Lower scores indicate impairment:
mild (between 18 and 24), moderate (between 10 and 18), and severe (less than 10) [30–36].
Table 4 reports the baseline cognitive assessment of the population: healthy subjects
represented 73% of the sample, and only 6% showed mild cognitive impairment. Despite
these results, they demonstrated ability in managing the app and social activity, so they
presented no exclusion criteria. The same was found for borderline subjects.

Table 4. Cognitive classification of the analyzed population and percentage distribution.

MMSE Score Range Severe CI Moderate CI Mild CI Borderline Normal

Population rate (%) 0% 0% 5.81% 21.58% 72.62%

4. Discussion
We are at the debut of the DTx era, and validation and impact assessment are just at the

beginning. Contemporarily, we are living through the societal challenge of healthy aging
as a strategic pillar for the healthcare systems in several countries. This paper describes the
Active3 system and the protocol of the clinical trial for the evaluation of the usability and
impact of the proposed DTx intervention.
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The enrollment was even better than expected, so that the intervention population
exceeded the foreseen size for the statistical significance. The characterization of the study
population at the initial time of the trial was carried out, and the outcomes are presented.
The population is generally more active than the general Italian population of the same age.
We had a relationship with an area where elderly individuals are indeed active: they have
social roles; engage in outdoor walking and, for some, even hiking; and they take care of
their grandchildren, and so they represent a high target population with respect to many
individuals in other situations.

The following variables were considered for statistical analysis: resting heart rate,
heart rate during the 6MWT, meters walked during the MWT, BMI, blood glucose, glycated
hemoglobin, total cholesterol, LDL cholesterol, and triglycerides. The only variables for
which a significant difference was found between all groups are meters walked during
the 6MWT and heart rate during the 6MWT (Figure 6). Regarding the path length walked
during the 6MWT, as might be expected, the more trained a subject is, the longer they can
walk: the average walked path by trained people (42 subjects) was 592.81 m, while for
active participants (142 subjects), it was 559.70 m, and the distance for sedentary people
(58 subjects) decreased to 479.74 m. The Bonferroni Multiple Comparison Test (all pairs)
confirmed a statistically significant difference among all groups. Significant differences
were also observed in meters walked in the 6MWT test by sex and age: males walked more
meters, as did the younger group.

 
(a) (b) 

Figure 6. Distance and heart rate in the three categories of enrolled subjects: (a) average (and SD)
walked distance in trained, active, and sedentary people; (b) average (and SD) HR in trained, active,
and sedentary people during the 6MWT.

Again, sedentary subjects had a lower increase in heart rate than active and trained
subjects; it was also noted that the more trained the subject, the higher their heart rate was
during exercise (Figure 6b).

Regarding anamnestic, metabolic, and cognitive data, the shown comorbidities and
cognitive performances are in line with expectancies and epidemiologic data.

5. Conclusions
The proposed DTx represented one of the first digital interventions in Italy dedicated

to prevention for the 60–80-year-old population. The proposed RCT aimed to evaluate
the usability and adherence of such a digital solution in a generation that is often not
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expert in the use of digital technology. This represented the primary endpoint to be
investigated. At the same time, a preliminary analysis of clinical efficacy was expected.
More specifically, the Active study set up a multidomain intervention based on behavioral
therapy promoting active aging, balanced nutrition, and social activity, so that positive
outcomes are expected in four domains: (1) usability and adherence, (2) physical activity,
(3) nutritional and metabolic parameters, and (4) cognitive scores. The protocol was
registered in the ClinicalTrials.gov platform with the Unique Protocol ID: Active3-WP2.

The enrollment exceeded expectations, and this demonstrated the need and interest of
the population for innovative healthcare services. The recruited participants underwent
a multifactorial baseline assessment demonstrating higher scores than standard data for
people of similar age.

The study started on 1 September 2024, and the results will be available in winter
2025–2026.
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