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Abstract

Background: Frailty is highly prevalent among older adults with cardiovascular disease
(CVD) and strongly predicts disability and mortality after cardiac events. Although cardiac
rehabilitation (CR) improves prognosis, frail older patients often face barriers to participat-
ing in in-person programs. eHealth-based, home-delivered CR programs incorporating
tele-rehabilitation and remote monitoring may improve accessibility, yet evidence regarding
their effectiveness on frailty status remains limited. Methods: We designed a multicenter,
randomized, parallel-group trial enrolling people >65 years recently hospitalized for acute
heart failure (AHF) and/or acute coronary syndrome (ACS). Participants were randomized
1:1 to an eHealth home-based tele-rehabilitation program or the usual care. The primary
endpoint is frailty prevalence at follow-up, defined by an Essential Frailty Toolset (EFT)
score >3, with co-primary outcomes being between-group differences in the mean levels of
EFT and Short Physical Performance Battery (SPPB) scores after 3-6 months. Secondary
endpoints include mortality and hospitalization, among others. Results: The full protocol
and study procedures are reported. Between May 2024 and December 2025, 589 patients
were screened at the two Italian centers involved; 442 met eligibility criteria and 209 were
enrolled and randomized. Baseline characteristics were largely comparable between groups.
The mean age was 77 £ 9 years, 70% were male, and 55% had ACS. Lower-than-expected
enrollment was mainly attributable to refusal related to difficulties in using digital devices.
Conclusions: This randomized trial will evaluate whether a multidomain, eHealth-based
CR intervention can reduce the prevalence or degree of frailty in older people after AHF
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or ACS. We report the study protocol and baseline characteristics of the enrolled cohort,
highlighting the challenge of digital illiteracy in contemporary older populations.

Keywords: cardiovascular diseases; frailty; telemedicine; cardiac rehabilitation; protocol

1. Introduction

Older people with cardiovascular disease (CVD) are particularly vulnerable, exhibiting
both high mortality [1] and a consistent risk of disability following hospitalization [2]. A
major determinant of such poor outcomes is frailty, a clinical syndrome highly prevalent
among older individuals with CVD [3]. Frailty is characterized by a progressive decline in
the physiological reserves of multiple organ systems, which limits the individual’s ability to
cope with stressors and predisposes them to negative health trajectories. As an independent
predictor of autonomy loss, frailty is strongly associated with adverse clinical outcomes,
including hospital readmissions, institutionalization, and death [4].

Preliminary evidence suggests that frailty may not represent an irreversible condition,
raising the possibility that targeted interventions could improve resilience and potentially
alter the course of the syndrome [3]. Cardiac rehabilitation (CR) programs are established
as effective tools to improve cardiovascular prognosis and quality of life [5]. However,
despite their proven efficacy, the uptake of CR remains suboptimal, with older and frail
patients facing the greatest barriers due to mobility limitations, comorbidities, and thus
a limited access to structured programs. In this respect, digital health interventions offer
the opportunity to extend the reach and adaptability of traditional models. By facilitating
adherence, enhancing accessibility, and supporting individualized care, eHealth-based
CR programs, which incorporate tele-rehabilitation (TR) and remote monitoring, have the
potential to overcome many of the barriers encountered by older patients [6]. However,
few studies have explored the efficacy of eHealth home-based CR interventions on frailty.
Indeed, a recent systematic review concluded that more studies are needed to define its
efficacy and usefulness to make definitive recommendations [7].

To fill this gap, we undertook a randomized trial to evaluate whether an eHealth
home-based CR intervention, compared with the standard of care, is able to reduce the rate
or the degree of frailty in people > 65 years and with acute heart failure (AHF) and/or
acute coronary syndrome (ACS). Here we report the protocol of the trial and the baseline
clinical data of included participants.

2. Materials and Methods
2.1. Study Design

This is a multicenter, randomized, parallel-group study in older patients with a recent
hospitalization for AHF and/or ACS, conducted at two study sites: IRCCS MultiMedica,
Sesto San Giovanni (MI), Italy, and Istituti Clinici Scientifici Maugeri IRCCS, Cardiac
Rehabilitation Unit of Bari Institute, Bari, Italy. People with AHF or ACS and > 65 years
old were randomized into two groups: Group (A), a multidisciplinary eHealth home-based
TR program; and Group (B), which received the usual care. After a minimum of 3 and
up to a maximum of 6 months, enrolled subjects underwent a new evaluation for frailty.
The duration of follow-up was flexible to facilitate participation and adherence. The latest
available follow-up will be considered for each individual and mixed models will be used
to account for different times to follow-up in the analyses. A summary of study design
is presented in Figure 1. Given the nature of the study involving an active intervention
only in the group assigned the eHealth arm, the trial was not blinded, i.e., investigators
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Figure 1. Schematic summary of the design of the trial. This multicenter, randomized, parallel-
group study enrolled older patients recently hospitalized for acute heart failure (AHF) and/or acute
coronary syndrome (ACS) at two Italian sites: IRCCS MultiMedica in Sesto San Giovanni (Milan)
and the Istituti Clinici Scientifici Maugeri IRCCS, Cardiac Rehabilitation Unit of the Bari Institute
in Bari. Participants aged >65 years with AHF or ACS were screened for frailty with multiple tools
including Essential Frailty Toolset (EFT) and the Short Physical Performance Battery (SPPB) and then
randomly assigned to one of two groups: Group A, receiving an eHealth-supported home-based
tele-rehabilitation (TR) program, or Group B, receiving usual care. After a minimum of 3 and up to a
maximum of 6 months, all enrolled subjects underwent a follow-up assessment of frailty.

2.2. Study Endpoints
2.2.1. Primary Endpoints

The primary endpoint is to assess whether a home-based TR program significantly
reduces the prevalence of frailty in comparison to usual care in older individuals hospital-
ized for ACS and/or AHF. Frailty status is defined as having an Essential Frailty Toolset
(EFT) score (ranging from 0 to 5) > 3 [8].

Since the recent literature suggests that frailty is a progressive continuum and not a
present/absent condition [9,10] and considering that small improvements in the degree of
frailty are associated with tangible benefits [11], the mean degree of frailty was considered
as a co-primary endpoint. In particular, mean differences between groups at the end of
treatment in the EFT and Short Physical Performance Battery (SPPB) scales were set as
co-primary outcomes after the start of the enrollment due to the considerations reported
above. After termination of the enrollment, we observed that the study is powered to
detect a difference in these co-primary outcomes, while the power for the primary outcome
of frailty prevalence is lower than initially planned. Thus, this and the other secondary
endpoints will be considered as exploratory.

2.2.2. Secondary Endpoints

e A composite endpoint of all-cause death and all-cause hospitalizations.

e A composite endpoint of cardiovascular death and cardiovascular hospitaliza-
tions (ACS, AHF, cardiac arrhythmias, cerebrovascular events, peripheral arterial
vascular event).

e Changes in walking distance during 6 min walk test at follow-up vs. baseline in the
two groups.

e  Assessment of the quality of life, comorbidity burden, nutritional and cognitive status,
depression, adherence to medical therapy and anthropometric measures. Tools for the
evaluation of these endpoints are described below.
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e Incidence of falls during follow-up.
e  Proteomic and miRNOmic analyses to search for biomarkers of frailty.

2.3. End of Study Definition

The end of the study is defined as the date of the last visit for the last subject in the
study. A participant is considered to have completed the study if they have completed all
steps of the protocol.

2.4. Study Population
2.4.1. Inclusion Criteria

e Age > 65 yrs. The protocol was modified after the start of the study to lower the
previous threshold of 75 years due to the high rate of refusals to participate attributable
to the self-reported inability of older individuals to use technological devices (as
detailed below).

e  Recent (<30 days) hospitalization for AHF or ACS.

e  Signed informed consent.

2.4.2. Exclusion Criteria

e Judgment by the investigator that the participant is unlikely to comply with study
procedures (i.e., ability of patient or caregiver in utilizing eHealth device).

e  Other medical conditions determining a <6-month survival prognosis.

e Severe cognitive impairment, assessed through Mini Mental State Examination
(MMSE < 15).

e  Participation in another clinical study with a study intervention administered in the
last 4 weeks.

2.5. Study Procedures

Step 1. Patients were screened and recruited during hospitalization in the Cardio-
vascular Department of IRCCS MultiMedica (Sesto San Giovanni—M], Italy) or Cardiac
Rehabilitation Unit of IRCCS ICS Maugeri (Bari—BA, Italy). The main clinical and demo-
graphic data were collected for each patient. The day before discharge, patients performed
a 6 min walk test, gave a blood sample to test for molecular biomarkers and underwent a
frailty evaluation on both the EFT and SPPB scales. Depression, quality of life, cognitive
status, nutritional status, and adherence to medical therapy were evaluated with adequate
tools. Blood samples were collected to identify biomarkers able to identify frailty and
predict its progression.

Step 2. Before discharge, all enrolled patients were randomized in a 1:1 ratio to
intervention (Group A) or usual care (Group B). Group A followed a multidisciplinary
home-based TR program while Group B was referred to general practitioners (GPs).

Step 3. The home-based TR program was implemented in Group A patients. Group B
was referred to GPs according to usual care. During step 3, clinical outcomes and adverse
events were collected.

Step 4. After at least 3 and at most 6 months of follow-up, patients underwent final
evaluation; the procedures of step 1 were repeated. Study procedures are summarized in
Supplementary Table S1.
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2.6. Description of Procedures
Measure of Frailty: EFT and SPPB

The EFT is a brief four-item (chair rise, cognitive status, hemoglobin, and serum
albumin) frailty scale [8]. The EFT is scored 0 (least frail) to 5 (most frail). The prevalence
of frailty was defined according to the EFT score, specifically EFT > 3 out of 5.

The SPPB is an objective tool measuring the physical performance status with rec-
ognized prognostic values for multiple frailty-related outcomes [12-14]. The SPPB is
calculated by the time spent or needed to complete multiple tasks: standing balance, usual
gait speed, and five chair tests. The timed results of each subtest are rescaled according to
predefined cutoff points for obtaining a score ranging from 0 (most physically frail) to 12
(least frail /best performance) [14,15].

2.7. Human Biological Sample Biomarker Collection and Analysis

The collection of samples for biomarker research is part of this study. Plasma was
collected from all participants in this study at baseline and was collected at the end
of follow-up.

To identify novel biomarkers able to identify frailty and predict its progression, we
used plasma samples collected during the frailty evaluation to identify miRNAs and
inflammatory proteins cross-sectionally associated with frailty. Such candidates are derived
from an unbiased miRNOmic analysis and a focused proteomic analysis. Statistical analysis
revealed which markers (and relative combinations) identify a frail status. Then, after
dosing such candidate molecules in the whole cohort, we performed statistical analyses to
explore if such markers are also able to predict the eventual improvement or deterioration
in frailty at follow-up, after intervention.

2.8. Six-Minute Walk Test (6MWT)

The 6MWT was performed in an indoor 60 m long corridor, according to the recom-
mendations of the American Thoracic Society [16]. All patients were instructed to walk
along the corridor from one end to the other at their own pace, as many times as possible in
the permitted time. After 6 min had elapsed, the patients were instructed to stop walking,
and the total distance walked was determined. This test was supervised by a physical
therapist who encouraged the patients in a standardized fashion at regular intervals.

2.9. Measure of Quality of Life: EuroQol (EQ) Visual Analog Scale (VAS)

The EQ VAS is a measure of self-reported health outcomes, based on a visual analog
graduated scale (0 to 100) for assessing health status, ranging from the worst imaginable
health state (0) to the best imaginable health state (100) [17].

2.10. Measure of Comorbidity: Cumulative Illness Rating Scale (CIRS)

Pre-existing comorbidities were assessed using the CIRS, which gives a severity score
and comorbidity score. This index is based on the scoring (from 0 to 4) of disease severity for
14 items corresponding to organs that may be affected by chronic disease. The CIRS severity
score can be calculated as the average of each CIRS item score. The CIRS comorbidity score
is based on the count of organ systems with moderate-to-severe impairment [18].

2.11. Measure of Nutritional Status: Mini Nutritional Assessment (MINA)

The MNA is a screening tool aimed at assessing nutritional status in older patients
through 18 questions in 4 areas (basic anthropometrics, dietary intake, global indicators
and self-assessed health status). Individuals with a score of 24-30 are considered to have a
normal nutritional status, a score of 17-23.5 suggests a risk of malnutrition, and a score of
<17 identifies malnutrition [19].
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2.12. Cognitive Status: Mini Mental State Examination (MMSE)

Global cognitive function was assessed by the MMSE. In clinical practice, MMSE is
used to detect cognitive impairment, monitor cognitive decline over time, and evaluate the
impact of potential treatments on cognition (particularly in older adults). It is brief, easily
administered, and quickly scored. The measure assesses orientation, attention and calcu-
lation (Serial 7s, spell “world” backward), language (naming, repetition, comprehension,
reading, writing, copying), and immediate and delayed recall. Scores > 24 indicate normal
cognitive status, while lower scores indicate cognitive impairment [20].

2.13. Depression: Geriatric Depression Scale (GDS)

The GDS is a self-administered test developed for a brief screening of depression
in older persons. The 15-item short form (GDS-15) was used for this study [21]. Scores
may range from 0 (no depression) to 15 (severe depression). Answers are dichotomic to
facilitate understanding and answering in older individuals. The questions can be read to
patients. The GDS correlates highly with well-studied measures such as the Beck Depression
Inventory, Zung Depression Inventory, and Hamilton Rating Scale for Depression [21].

2.14. Functional Independence: Barthel Index for Activities of Daily Living (ADLs)

The Barthel Index measures functional disability in 10 ADLs by quantifying patient
performance. Five-point increments are used in scoring, with a maximal score of 100 indi-
cating full independence whilst the lowest score of 0 indicates a patient with a completely
bed-bound state [17].

2.15. Adherence to Therapy: Morisky Medication Adherence Scale (MMAS-8)

MMAS-8 is an 8-item, structured, self-measured, self-reported measure that assesses
medication adherence [22].

2.16. Anthropometric Measures

The patients were weighed before breakfast without their shoes, and Body Mass Index
(BMI) was calculated as [weight (kg)]/[height (m)]?.

2.17. Laboratory

Complete blood counts and creatinine, total cholesterol, hemoglobin, albumin, and
NT-proBNP levels were measured as in routine clinical practice. The Glomerular Filtration
Rate (eGFR) was estimated by the Cockcroft-Gault formula.

2.18. eHealth Home-Based CR Program

A multidisciplinary home-based CR program was implemented for Group A patients.
The program lasted a maximum of 6 months; it was coordinated by a cardiologist and it
was based on a multidisciplinary intervention by different healthcare providers: a nurse
(case manager), physiotherapist, psychologist, and dietician.

The protocol was shared between the investigators involved in the two centers and
was developed based on the most recent guidelines [5]. The online platform used for the
intervention had a pre-specified list of questions and items to check, including the vital
parameters to be collected at each visit, in order to maximize standardization and the
fidelity of the programs between the two centers involved.

In the present study a synchronous model of cardiac TR, based on a real-time inter-
action between the patient and healthcare provider, was used. The advantages of this
approach are that it allows a very close follow-up and better program personalization.

https://doi.org/10.3390/jcm15072573
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The core of the TR program was represented by scheduled video-calls with the patient
(2 per week, 3045 min duration each) by the nurse and physiotherapist focused on: educa-
tion and cognitive training, exercise training session along with physiotherapy counseling
once a week, assessment of healthy lifestyle, risk factor control, medication adherence and
therapeutic targets. A video-call with a psychologist and dietician for psychosocial and
nutritional counseling was provided at least once per fortnight. A social assistant was
involved as needed by the nurse case manager.

The video-call was done by cell phone, tablet, or PC according to the patient’s prefer-
ence.

For monitoring medication adherence and fall risk, one tool, i.e., text messaging,
smartphone applications, or other electronic devices, tailored to the patient’s characteristics
was applied. If applicable, an initial in-home visit to assess fall risk elements was also per-
formed and a digital health alarm system to alert caregivers in case of physical discomfort
was provided.

The program also included unscheduled calls from the patient in predefined time slots
in case of need.

A pulse oximeter and a portable one-lead electrocardiograph for the telemonitoring of
vital signs were available, and patients were able to call and be assisted in the case of urgent
need or emergency, according to the internal standard operating procedure of each site.

Exercise training sessions were based on a ‘low level” and a ‘high level’ of intensity,
as detailed in the section below. The ‘low level’ consisted of 10-30 min of free exercise
on a mini-ergometer (EverFit Welly M) without load and 30 min of callisthenic exercises,
performed 3 times/week, and free walking twice a week. The ‘high level’ consisted of
30-45 min of free exercise on a mini-ergometer with incremental load, and 30—40 min of
muscle reinforcement exercises using weights between 0.5 and 2.5 kg.

2.19. Exercise Training Protocol

All included individuals were subjected to the Short Physical Performance Battery
(SPPB) to also evaluate balance and fall risk; based on the result obtained, they subsequently
carried out a Six-Minute Walk Test (6MWT) to evaluate their functional capacity. The
subjects were thus categorized into two groups based on the tests results: low level or high
level (Figure 2). Subjects unable to perform a 6GMWT for clinical and/or functional reasons
performed only the SPPB.

The program included daily 30 min moderate-intensity aerobic training using a pedal
exerciser and twice-weekly 30 min strength training using adjustable dumbbells and
ankle weights according to the low- or high-intensity categorization of the individual
(Supplementary Table S2).

The patients undertook daily aerobic training sessions using a pedal exerciser, as well
as strength training using ankle weights and dumbbells adjustable from 0.5 kg to 2.5 kg,
twice a week on non-consecutive days for 30 min per session.

The loads were modulated by monitoring heart rate and the Borg scale, ensur-
ing patients were receiving pharmacological therapy and verifying the absence of ad-
verse symptoms. The treatment program was delivered via tele-rehabilitation using a
dedicated platform.

For the high-level exercise group, the intensity was tailored to 70-80% of the theoretical
maximum heart rate and with a Borg score of 3 to 5 on the CR10 scale, as this is more easily
understood than the Borg RPE scale.

For the low-level exercise group, the targets were lower: 40-70% of the theoretical
maximum heart rate, but with the same weekly frequency, starting with 10 min per session
and increasing to 30 min if tolerated.

https://doi.org/10.3390/jcm15072573
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Figure 2. Decision tree to assess the ability of subjects to complete a low- or high-intensity program
of physical therapy. People were tested with Short Physical Performance Battery (SPPB). In the
case of an SPPB score < 10, people were prescribed a low-level physiotherapy treatment. In the
case of scores > 10, the individual was further tested with the Six-Minute Walk Test. In the case
of a performance > 350 Mt, the subject was prescribed a high-level program; otherwise they were
assigned to a low-level treatment.

The intensity of the exercises was reassessed at every session, i.e., twice a week.
REMOTE PHYSIOTHERAPY TREATMENT PROTOCOL

1.  Connect online with the patient via the platform;

2. Instruct the patient to wear the monitoring devices the patient has previously been
trained to use;

3.  Take the basal parameters with the patient sitting at rest for at least 5 min: detect heart
rate, peripheral saturation, basal pressure and subjective sensation of effort using the
Borg CR10 scale and enter them into a specific database;

4. Remote training with exercises based on FITT principles: frequency, intensity, time,
type and progression of the exercise according to the patient’s functional level;

5. Take vital signs at the end of the session with the patient seated.

LOW LEVEL

Patients started training sessions with 30 min of callisthenic exercises, followed
by a free effort reconditioning with the use of a seated pedal set without load for
10/15/20/30 min based on the patient’s clinical condition. In addition, a suggested
free walk session of at least 10 and at most 30 min per day was set and monitored via
a pedometer.

HIGH LEVEL

The sessions included 30 min of fatigue-tolerant resistance exercises with dumbbells
and ankle cuffs with 2 sets of 15 repetitions. In addition, approximately 30 min of free
endurance training on a cycle ergometer (EverFit Welly M), trying to achieve a Borg CR10
between 3/10 and 5/10, with 5 min of warm-up, 20 min of activity and 5 min of cool-down,
was performed. The adequate workload was achieved gradually according to the FITT
method (Supplementary Table S2).
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2.20. Sample Size Estimation

From the literature, frailty at discharge is expected to be about 40% in the overall
study population [17,18]. We expect frailty reversal in Groups A and B of 48% and 15%,
respectively [8], so frailty at the end of follow-up is hypothesized to be 21% in Group A and
34% in Group B. To achieve 80% power in detecting a 13% difference in frailty prevalence
between Groups A and B after the intervention, with an alpha error of 5%, a sample size
of 370 subjects is needed. Considering about a 22% dropout rate, a total of 450 patients
are required.

Considering that recent trials do not consider frailty as a binary outcome, but as a
continuous variable [23], and that an improvement of 1 unit in the EFT scale is associ-
ated with a 28% lower mortality incidence and thus represents a clinically meaningful
phenomenon [11], we also calculated the sample size needed to observe a difference in
the mean level of EFT between the two groups. Considering that: 1—using real data
collected in our units in other similar studies, the mean EFT at baseline is 2.25 + 1.25;
2—assuming an improvement of 1 unit (minimal clinically important difference, i.e., the
smallest difference in score that benefits the patient) and therefore a mean score at the
end of the study of 1.25 & 1.25 [11]; 3—assuming a power of 90% and alpha of 5%; and
4—assuming a 30% improvement in the control group treated with the standard of care
(and thus expecting a mean EFT of 1.95 in this group) and maintaining the same SD for all,
it follows that 136 individuals are needed to observe a difference in the mean level of EFT
score at the end of the trial. Considering also a 22% possible dropout rate, a sample size of
166 people is needed for this analysis. The same calculation using the SPPB as the metric of
interest provided similar results.

2.21. Randomization

Patients were randomly assigned in a 1:1 ratio to the intervention or control group
through permuted-block randomization with varying block sizes. Randomization lists were
center-specific and they were created using SAS® Proc Plan permuted-block randomization.
A list was created for each center. The lists were created with block sizes of 2, 4, and 6. The
order of block permutations was then randomized within each list to avoid predictability.
A seed was set for generating the list so that it could be reproduced if necessary. Patient
allocation was performed via a centralized email system.

2.22. Data Collection and Statistical Analysis

Study data were collected in the eCRF of an electronic web-based database, where
each patient is identified by a randomly assigned alphanumeric code that is center-specific.

Baseline data were analyzed through descriptive analyses. Results for the overall pop-
ulation and for both Groups A and B are presented. Categorical variables were presented as
frequencies and percentages and compared between the two groups by Chi-square test of
Fisher’s exact test. Continuous variables were summarized by mean =+ standard deviation
and tested for normality distribution by Kolmogorov-Smirnov test. Since all variables were
not normally distributed, the non-parametric Wilcoxon-Mann-Whitney U test will be used
to compare baseline variables between groups. The prevalence of frail patients in the two
groups is indicated as an EFT score > 3. For the planned analyses, mixed models, adjusted
for unbalanced variables, will be used to account for different times to follow-up. Only
people with available measures of EFT at both baseline and follow-up will be included in
the analyses relative to the prevalence of frailty and EFT as a continuous variable, while
only individuals with available measures of SPPB at both baseline and follow-up will be
included in the analyses for this endpoint. For the other covariates, missing data will be
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imputed through regression models. Given the limited sample size, subgroup analyses are
not planned.

All analyses were performed by using SAS Software version 9.4. Tests will be consid-
ered significant for a p value < 0.05.

2.23. Withdrawal from the Study (Or Modified Follow-Up)

A participant may withdraw from the study at any time at their own request, or
may be withdrawn at any time at the discretion of the investigator for safety, behavioral,
compliance, or administrative reasons.

2.24. Lost to Follow Up

A participant was considered lost to follow-up if they were repeatedly unable to be
contacted by the study site.

2.25. Ethical Considerations

This study was conducted in accordance with consensus ethical principles derived
from international guidelines including the Declaration of Helsinki and the Council for In-
ternational Organizations of Medical Sciences’ International Ethical Guidelines, applicable
ICH Good Clinical Practice Guidelines, and applicable laws and regulations.

The informed consent procedure included the use of simplified explanations of the
digital tools involved, supported by visual aids and step-by-step demonstrations when
necessary. Participants were encouraged to ask questions, and family caregivers could be
involved in the discussion to facilitate comprehension and support decision-making. To
verify participant understanding prior to obtaining consent, study staff provided addi-
tional explanations when needed and confirmed that participants clearly understood the
study procedures, including the digital aspects, before consent was finalized. In addition,
throughout the trial, participants had access to ongoing support from the research team to
address potential difficulties with the digital components of the intervention. This support
aimed to minimize barriers to participation and reduce the risk of digital exclusion.

The study and its amendments were approved by the Ethics Committee of IRCCS
MultiMedica and CET Lombardia 5, Prot.nr.509/24 and Prot.nr.353/25. This protocol was
deposited in Zenodo and is accessible at https://zenodo.org/records /18632447 (accessed
on 13 February 2026).

3. Results

From May 2024 to December 2025, 589 individuals were assessed for eligibility at the
two centers. Among them, 147 patients were excluded because they met the exclusion
criteria: more than one third (39%) were unable to use electronic devices and 21% were
clinically unstable. Among the minor reasons for exclusion were MMSE < 15 (6%) and
age < 65 years (4%). Therefore, we screened 442 individuals with recent ACS and AHF
who fulfilled the inclusion criteria and were considered eligible for the trial. Among those
eligible, 233 declined to participate in the study while two individuals could not be en-
rolled because they died during hospitalization. The most common reason for declining
participation in the trial was the perceived complexity of being compliant with a demand-
ing program, or the willingness to learn how to use the dedicated eHealth platform, a
motivation cited by 46% of the eligible individuals approached. Overall, 19% complained
about the lack of a caregiver. The remaining 209 people were enrolled in the study and
assigned to one of the two groups through randomization. Two patients assigned to the
control group dropped out before completing exams or questionnaires and one subject in
the intervention group died before discharge (Figure 3). We compared included subjects
with the subgroup of subjects who declined to participate with complete data about age,
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sex and type of cardiac event. The included population was representative of the eligible
individuals in terms of age and sex but patients who declined were more likely to have a
diagnosis of AHF compared with included individuals (58% vs. 42%, p = 0.0078).

[ Enrollment ]

Assessed for eligibility (n=589)

Excluded (n=380)

|+ Declined to participate (n=231)
+ Other reasons (n=2)

+ Not meeting inclusion criteria (n=147)

Randomized (n=209)

Y

M

Allocation

v

Allocated to intervention (n=105)
+ Received allocated intervention (n=103)
+ Did not receive allocated intervention (drop

’ Allocated to intervention (n=104)

+ Received allocated intervention (n=103)

+ Did not receive allocated intervention (dead)

out) (n=2) (n=1)
Figure 3. CONSORT flowchart of people screened, excluded and included in the trial.

Among people undergoing randomization, 103 were assigned to the eHealth interven-
tion group and 103 to the standard-of-care control group. The baseline demographic and
clinical characteristics of the two groups are presented in Table 1 while the overall character-
istics of the population with the relative number of observations for each variable are shown
in Table 2. Clinical characteristics were comparable in the two groups, with the exception of
sex and SPPB (Table 1). Overall, the mean (+5D) age of the patients was 77 £ 9 years, and
145 subjects (70.4%) were male. The mean BMI was 25.8. More than half of the patients had
ACS (55.3%). As expected, most of the people were receiving lipid-lowering medications
(77.5%), antiplatelet drugs (56.4%), and one or more anti-hypertensive medications.

Table 1. Baseline characteristics of the included participants allocated to the two groups.
Variable Intervin:;)(r)lsGroup Conrtlrgllf);;oup p-Value
Acute Coronary Syndrome 60 (58.25%) 54 (52.43%)
Acute Heart Failure 43 (41.75%) 49 (47.57%) 0400
EFT 1.69 £1.19 1.89 £1.23 0.298
Frailty prevalence (EFT > 3) 30 (29.13%) 33 (32.04%) 0.650
SPPB 9.11 £ 3.46 8.27 +£3.55 0.046
Male Sex 83 (80.58%) 62 (60.19%) 0.001
Age 76.96 £7.17 77.6 = 10.38 0.220
BMI [kg/m?] 26.08 £+ 4.44 25.45 £ 4.82 0.392
Systolic Blood Pressure [mmHg] 115.69 £ 13.62 116.67 £ 16.99 0.909
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Table 1. Cont.
Variable Intervinilg(1)13Group Con;r:llggoup p-Value
Diastolic Blood Pressure [mmHg] 68.47 + 8.59 69.01 £9.16 0.829
HR [bpm] 71.13 £ 12.23 70.49 + 10.93 0.962
Hemoglobin [g/dL] 12.21 £1.92 12.16 £ 1.63 0.973
Albumin [g/dL] 4.66 +5.29 3.85 + 3.07 0.460
Total Cholesterol [mg/dL] 132.69 + 43.1 132.57 + 37.85 0.849
LDL-cholesterol [mg/dL] 72.69 £ 36.15 70.27 £ 31.5 0.927
HDL-cholesterol [mg/dL] 39.16 + 11.63 43.29 + 31.49 0.580
Triglycerides [mg/dL] 118.81 +79.14 110.57 4+ 43.26 0.674
Creatinine [mg/dL] 1.27 + 0.52 1.36 + 0.62 0.255
eGFR [mL/min] 71.95 £+ 21.22 67.91 + 21.28 0.308
Beta-blocker 83 (83.84%) 81 (81.82%) 0.706
ACEi/ARB/ARNI 67 (68.37%) 61 (61.62%) 0.321
MRAs 70 (70%) 71 (71%) 0.877
Ivabradine 1 (1.05%) 2 (2.04%) 1.000 *
Aspirin 70 (70%) 56 (57.14%) 0.060
Other Antiplatelet Agents 58 (59.79%) 53 (53%) 0.336
Oral Anticoagulant Therapy 28 (29.17%) 26 (27.37%) 0.783
Diuretics 67 (66.34%) 59 (59%) 0.282
Metformin 13 (13.13%) 10 (10%) 0.490
Insulin 12 (12.24%) 13 (13.27%) 0.831
SGLT-2i 51 (51%) 50 (50.51%) 0.944
GLP-1 RA 17 (17.89%) 14 (14.58%) 0.535
Statins 80 (79.21%) 75 (75.76%) 0.559
Ezetimibe 65 (65%) 56 (56%) 0.193
PCSK9-i 1 (0.99%) 0 (0%) 1.000 *
Data are presented as mean + SD for continuous variables and as number (percentage) for categorical variables.
p values derive from Mann-Whitney U test for continuous variables and from Chi-square test for categorical
variables. * Differences between the two groups were analyzed using Fisher’s exact test. Significant differences
are highlighted in bold. EFT: Essential Frailty Toolset; SPPB: Short Physical Performance Battery; BMI: Body
Mass Index; HR: heart rate; eGFR: estimated Glomerular Filtration Rate; ACEi: Angiotensin-Converting Enzyme
inhibitors; ARB: Angiotensin Receptor Blockers; ARNI: Angiotensin Receptor-Neprilysin Inhibitors; MRAs:
Mineralocorticoid Receptor Antagonists; SGLT2-inhibitor: Sodium—-Glucose Cotransporter 2 inhibitors; GLP-1 RA:
Glucagon-Like Peptide-1 Receptor Agonists; PCSK9-i: Proprotein Convertase Subtilisin/Kexin Type 9 inhibitors.
Table 2. Baseline characteristics of overall population, along with the number (1) of available data for
each variable.
Variable Overall n
Intervention Group 103 (50%) 206
Control Group 103 (50%)
Acute Coronary Syndrome 114 (55.34%) 206
Acute Heart Failure 92 (44.66%)
Frailty Prevalence EFT > 3 63 (30.58%) 206

https:/ /doi.org/10.3390/jcm15072573


https://doi.org/10.3390/jcm15072573

J. Clin. Med. 2026, 15, 2573

13 of 16

Table 2. Cont.

Variable Overall n
SPPB 8.71 £3.51 171
Males 145 (70.39%) 206
Age 77.28 + 891 206
BMI [kg/m?] 25.77 + 4.63 203
Systolic Blood Pressure [mmHg] 116.2 +15.42 150
Diastolic Blood Pressure [mmHg] 68.75 + 8.87 150
HR [bpm] 70.79 + 11.52 148
Hemoglobin [g/dL] 1219 £1.77 205
Albumin [g/dL] 426 +4.36 198
Total Cholesterol [mg/dL] 132.63 £+ 40.44 189
LDL-cholesterol [mg/dL] 71.53 + 33.92 171
HDL-cholesterol [mg/dL] 41.22 +£23.71 185
Triglycerides [mg/dL] 114.73 £ 63.92 186
Creatinine [mg/dL] 1.31 £ 0.57 202
eGFR [mL/min] 70.26 4+ 21.21 81
Beta-blocker 164 (82.83%) 198
ACEi/ARB/ARNI 128 (64.97%) 197
MRAs 141 (70.5%) 200
Ivabradine 3 (1.55%) 193
Aspirin 126 (63.64%) 198
Other Antiplatelet Agents 111 (56.35%) 197
Oral Anticoagulant Therapy 54 (28.27%) 191
Diuretics 126 (62.69%) 201
Metformin 23 (11.56%) 199
Insulin 25 (12.76%) 196
SGLT-2i 101 (50.75%) 199
GLP-1RA 31 (16.23%) 191
Statins 155 (77.5%) 200
Ezetimibe 121 (60.5%) 200
PCSK9-i 1 (0.5%) 201

Data are presented as mean =+ SD for continuous variables and as number (percentage) for categorical variables.
EFT: Essential Frailty Toolset; SPPB: Short Physical Performance Battery; BMI: Body Mass Index; HR: heart
rate; eGFR: estimated Glomerular Filtration Rate; ACEi: Angiotensin-Converting Enzyme inhibitors; ARB:
Angiotensin Receptor Blockers; ARNI: Angiotensin Receptor—Neprilysin Inhibitors; MRAs: Mineralocorticoid
Receptor Antagonists; SGLT2-inhibitor: Sodium-Glucose Cotransporter 2 inhibitors; GLP-1 RA: Glucagon-Like
Peptide-1 Receptor Agonists; PCSK9-i: Proprotein Convertase Subtilisin/Kexin Type 9 inhibitors.

4. Discussion

The efficacy of eHealth-based, home-delivered CR interventions on frailty is de-
bated [7]. To address this gap, we designed a randomized trial evaluating whether an
eHealth CR program, compared with standard care, can reduce the prevalence or degree of
frailty in patients >65 years hospitalized for AHF or ACS. Here we outline the trial protocol
and report the baseline characteristics of the enrolled participants.

https:/ /doi.org/10.3390/jcm15072573


https://doi.org/10.3390/jcm15072573

J. Clin. Med. 2026, 15, 2573

14 of 16

The number of enrolled individuals is lower than the planned sample size for the
primary outcome, but sufficient for the co-primary outcomes. Thus, the study will be
powered to detect a difference in the mean level of frailty but not to observe a difference
in the prevalence of frailty considered as a binary variable, unless a higher-than-expected
efficacy of the intervention emerges. Indeed, the study now reaches a power of 55% for the
primary outcome when considering an expected difference of 13% in the final prevalence
of frailty, while a difference of 17% in the prevalence of frailty would be needed to obtain a
significant result. This aspect is of relevance, especially in case of non-significant findings.

The lower-than-expected enrollment capacity is attributable to the high rate of refusal
to participate due to the reported inability or fear of using technological devices such as a
tablet. These phenomena commonly, referred to as “digital illiteracy” and “technophobia”,
are common in the oldest old and particularly pervasive in Italy [24]. As a result, we had
to amend the protocol after the start of the study to lower the cutoff for age of inclusion
in the study. We believe that this does not represent an issue since, as discussed, frailty
represents a continuum with a broad spectrum of conditions that should be addressed as
early as possible and not only when severe comorbidities are present [9,10]. In this respect,
this consideration also emphasizes the relevance of the results, which will demonstrate
whether an eHealth-based, multidomain intervention is able to affect the degree of frailty
when considered as a continuous, and not binary, variable.

Independently of the results that we will observe, it is important to note that digital
illiteracy represents a key limit for the wide diffusion and implementation of such programs
in real-life scenarios. We observed that roughly 20% of the screened individuals could
not be enrolled due to the observed inability to use simple technological devices, while
almost half of those screened refused to participate due to a lack of willingness to engage
in a home-based program or for a refusal to learn how to use the telemedicine software.
Notably, the idea of using remote intervention based on telemedicine and telemonitoring
was conceived to provide an alternative for older people with a high degree of disability
and thus those who were struggling to participate in in-person programs and visits. Thus,
even if the eHealth approach is effective, it will remain of limited usefulness if it cannot be
implemented in a wide range of individuals. Even though common sense suggests that
future generations of old populations, who grew up in the technological era, will not face
such issues, older subjects living with these limitations at present should be helped to learn
basic technological skills to have access to such programs.

Another aspect to be considered is that we opted to enroll people with either acute
HF or ACS since they are both post-acute cardiac events. However, individuals with these
conditions may differ in terms of baseline functional trajectory, symptom limitations (e.g.,
dyspnea/fatigue burden), medication profiles, contraindications, and expected recovery
patterns. This aspect might generate heterogeneity in the response to the intervention.

Relative to the composition of the groups, these are well balanced, as expected by
the randomization process. The only variables not balanced are sex and the SPPB. Thus,
the analyses will be adjusted for such covariates, given their known relationship with the
primary outcomes [25]. Cox models and ANCOVA, both adjusted for these unbalanced
variables, were used to compare the prevalence and the degree of frailty, respectively. A
sensitivity analysis using propensity score matching was also performed. In the active arm
of the trial, 45 people performed low-level-intensity exercises and the others underwent
a high-level program. Given this limited sample, subgroup analyses are not adequately
powered and cannot explore whether the intervention is more effective in people with a
low SPPB score, despite the prior literature suggesting that the frailest individuals (i.e.,
SPPB < 10) would show greater improvement [26].
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5. Conclusions

We have described the full protocol of a trial testing whether a multidomain eHealth-
based intervention is able to revert or limit frailty progression in people with CVD aged
older than 65 years. Baseline data of the 206 included individuals are also reported.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jem15072573 /51, Table S1: Schedule of activities; Table S2: Remote
Physiotherapy Treatment.
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