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Abstract

Background Physical exercise is an effective strategy for preserving functional capacity and improving the symptoms
of frailty in older adults. In addition to functional gains, exercise is considered to be a cornerstone for enhancing
cognitive function in frail older adults with cognitive impairment and dementia. We assessed the effects of the Vivifrail
exercise intervention for functional capacity, cognition, and well-being status in community-dwelling older adults.
Methods In a multicentre randomized controlled trial conducted in three tertiary hospitals in Spain, a total of 188
older patients with mild cognitive impairment or mild dementia (aged >75 years) were randomly assigned to an exer-
cise intervention (n= 88) or a usual-care, control (n= 100) group. The intervention was based on the Vivifrail tailored
multicomponent exercise programme, which included resistance, balance, flexibility (3 days/week), and gait-retraining
exercises (5 days/week) and was performed for three consecutive months (http://vivifrail.com). The usual-care group
received habitual outpatient care. The main endpoint was change in functional capacity from baseline to 1 and
3 months, assessed with the Short Physical Performance Battery (SPPB). Secondary endpoints were changes in cogni-
tive function and handgrip strength after 1 and 3 months, and well-being status, falls, hospital admission rate, visits to
the emergency department, and mortality after 3 months.
Results The Vivifrail exercise programme provided significant benefits in functional capacity over usual-care. The
mean adherence to the exercise sessions was 79% in the first month and 68% in the following 2 months. The interven-
tion group showed a mean increase (over the control group) of 0.86 points on the SPPB scale (95% confidence interval
[CI] 0.32, 1.41 points; P < 0.01) after 1 month of intervention and 1.40 points (95% CI 0.82, 1.98 points; P < 0.001)
after 3 months. Participants in the usual-care group showed no significant benefit in functional capacity (mean change
of �0.17 points [95% CI �0.54, 0.19 points] after 1 month and �0.33 points [95% CI �0.70, 0.04 points] after
3 months), whereas the exercise intervention reversed this trend (0.69 points [95% CI 0.29, 1.09 points] after 1 month
and 1.07 points [95% CI 0.63, 1.51 points] after 3 months). Exercise group also obtained significant benefits in
cognitive function, muscle function, and depression after 3 months over control group (P < 0.05). No between-group
differences were obtained in other secondary endpoints (P > 0.05).
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Conclusions The Vivifrail exercise training programme is an effective and safe therapy for improving functional capac-
ity in community-dwelling frail/prefrail older patients with mild cognitive impairment or mild dementia and also seems
to have beneficial effect on cognition, muscle function, and mood status.
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Introduction

The global population is progressively aging, and lifespan is
predicted to continue increasing over the next decades.1

While substantial gains have been made in the application
of precision medicine to prevent and treat aging-related
health complications, frailty syndrome remains prevalent
among the oldest old, reducing their ability to perform activ-
ities of daily living (ADLs) through loss of muscle function (i.e.
muscle mass and muscle strength/power), ultimately leading
to functional deterioration and disability.2 Many age-related
processes leading to frailty in older adults are also likely re-
sponsible for brain aging and related cognitive impairment.3

Indeed, cognitive decline is closely associated with frailty syn-
drome as both diseases share several pathophysiological
mechanisms and short-term and long-term consequences
such as increased incidence of falls, hospitalization, institu-
tionalization, and death.2,4 Accordingly, healthcare profes-
sionals should prioritize strategies to prevent or reverse
functional and cognitive deterioration in older populations,
which may reduce visits to primary care and emergency
departments and lessen hospital resources and, ultimately,
healthcare costs.

Physical inactivity seems to play a key role in the loss of
muscle function and functional capacity, which in turn
appears to be a crucial factor related to frailty.5 Against this
background, the potential benefits of different exercise
interventions in frail individuals have been widely demon-
strated in the literature, showing marked improvements in
frailty hallmarks––for instance, gait ability, muscle strength,
balance, and falls.6,7 It is recognized that physical exercise im-
proves metabolic health by suppressing muscle atrophy,
blunting inflammatory responses, and protecting against loss
of bone density, and it may also contribute to preserve insulin
sensitivity, mitochondrial activity, and physical function.8

There is strong evidence to support that the inclusion of tai-
lored exercise programmes is probably the best method to
improve the hallmarks of frailty, including functional capacity,
muscle function, and health status.9,10 In particular, multi-
component exercise programmes consisting of resistance
(power), balance, and gait-retraining exercises are the most
effective interventions for preventing most, if not all, of the
complications of frailty syndrome (i.e. poor balance, reduced

muscle strength, poor gait ability, and increased incidence of
falls), and their prescription is recommendable for frail older
adults, as well as for persons with prefrailty.6,10,11 Addition-
ally, physical exercise and specifically multicomponent exer-
cise training may be a cornerstone for improving physical
and cognitive function in frail individuals with mild cognitive
impairment (MCI) and dementia.12 In line with this concept,
we recently developed an innovative multicomponent
exercise training programme termed Vivifrail (http://
vivifrail.com/resources/), which is based on promoting exer-
cise in older population through individualized programmes
designed to prescribe tailored physical exercise.13 In a recent
study,11 the Vivifrail multicomponent tailored exercise pro-
gramme was very effective in the short-term (4 weeks) and
prevented severe functional decline and strength loss in insti-
tutionalized older (i.e. physical frailty reversion and recovery
of autonomy). Multicomponent exercise face-to-face inter-
ventions would seem advisable as an essential activity to pro-
tect older adults from severe functional decline.14 The
community-based approach is the best way forward, and
physical exercise is one of the main interventions with sys-
temic effect proven to improve physical impairment related
to frailty (low body mass, strength, mobility, physical activity
level, and energy).15 The present multicentre study aimed to
examine the effects of the Vivifrail multicomponent exercise
intervention performed by frail/prefrail community-dwelling
older adults with cognitive impairment and mild dementia
for functional, cognition, and well-being status.

Materials and methods

Design

The study was a multicentre, randomized clinical trial (RCT)
(NCT03657940) performed according to the Spirit 2013 and
the CONSORT statement for transparent reporting
(Supporting Information, Data S1).16 It is an open label,
blinded adjudication study. The study protocol has been
published.17 The multicentre RCT was conducted from 1
September 2017 to 31 May 2020, in the outpatient geriatrics
clinics of three tertiary hospitals in Spain (Geriatric Depart-
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ment of Hospital Universitario de Navarra, the Matia
Fundazioa in San Sebastian and the Hospital of Getafe).
Regarding the sample size calculations, assuming an alpha
error of 5%, a correlation between pre-intervention and
post-intervention values of the Short Physical Performance
Battery (SPPB) of ρ = 0.5 and a standard deviation for the
SPPB of σ = 2.5, the required sample size to have a power
of 90% to detect a minimum difference of 1 point between
groups in the post–pre SPPB score was 101 patients per
group. Taking into account an expected loss of patients along
the follow-up of 15%, the final sample size required was 120
per group for this multicentre study.17

The study followed the principles of Declaration of Helsinki
and was approved by the Complejo Hospitalario de Navarra
Clinical Research Ethics Committee. All patients or their legal
representatives provided written informed consent. There
was no financial compensation.

Patients who met the inclusion criteria were randomly
assigned to the intervention or control (usual-care) group.
Prior to randomization, the attending geriatricians reviewed
the absolute and relative contraindications to participate in
the intervention and provided general information about
the study. Usual care was offered to the patients by the ger-
iatricians and consisted of normal outpatient care, including
physical rehabilitation when needed.

Participants and randomization

Potentially eligible outpatient participants were initially eval-
uated by the geriatricians. We focused on a particularly vul-
nerable population segment but at the same time with
sufficient functional and cognitive reserve to be able to com-
plete the exercise programme. A trained research assistant
(A. C.-H., I. A.-R., I. M.-E., F. R.-E., and R. P.-T.) conducted
the screening interview to evaluate the following inclusion
criteria: age >75 years, Barthel Index score ≥60 (scale, 0
[severe functional dependence] to 100 [functional indepen-
dence]), being able to communicate and ambulate (with/
without assistance), MCI or mild dementia according to
Diagnostic and Statistical Manual of Mental Disorders (DSM)
V criteria, Global Deterioration Scale (GDS)-4 (Reisberg
classification), pre-frail and frail status according to the Fried
criteria,18 and having someone to help supervise the exer-
cises. Exclusion criteria were any factor that affected physical
exercise performance or testing procedures, including
terminal illness, uncontrolled arrhythmias, recent myocardial
infarction, unstable angina pectoris, uncontrolled arterial
hypertension, unstable cardiovascular disease or other
unstable medical condition, recent pulmonary thromboem-
bolism, upper or lower extremity fracture in the past
3 months, and institutionalized older adults or pending entry
into institution.

After the baseline assessment was performed, partici-
pants were randomly assigned to the intervention and con-
trol (i.e. usual-care) groups following a simple randomization
procedure, in a 1:1 ratio without restrictions. The simple
randomization sequence was generated by a statistician
not involve in the RCT using an online system (www.ran-
domizer.org) for the three hospitals. The assessment staff
were blinded to the study design and group allocation in
the course over the 3 months, and participants (or their
families) were explicitly informed and reminded not to dis-
cuss their randomized allocation with the assessment staff.
Drop-out was considered only when the baseline assess-
ment was completed.

The costs related to the intervention were fundamentally
those generated by hiring one physiotherapist ad hoc for
the project and the collaboration of other research assistants
who shared the work for 5 days a week for the duration of
the study. An initial investment of €8840 (US $10 008) was
made to buy variable resistance equipment (i.e. €7840 [US
$9408] for two leg-press machines) for measuring muscle
strength and approximately €1000 (US $1200) for elastic re-
sistance bands, ankle weights, and handgrip balls.

Intervention

Participants in the usual-care group were instructed to con-
tinue with their normal ADLs and received habitual outpa-
tient clinical care, including medical treatments and physical
rehabilitation when needed. In addition to habitual outpa-
tient care, the intervention group received the recently devel-
oped Vivifrail multicomponent exercise programme (http://
vivifrail.com/resources/).19 The Vivifrail programme is a
home-based exercise programme focused on individualized
multicomponent exercise prescription according to the func-
tional capacity of the older adults and consisted of resis-
tance/power, balance, flexibility and cardiovascular
endurance exercises (i.e. walking). Adherence to the pro-
gramme was documented in a daily register, and two phone
calls were performed during the intervention period to guar-
antee patient adherence and to address doubts and ques-
tions related to the intervention. At the end of the baseline
visit, patients were familiarized with their specific exercise
routine before the start of the intervention and their family
members or caregivers were instructed in monitoring the ex-
ercise intervention for 30 min.

After the baseline assessment, patients in the intervention
group were enrolled into one of the following individualized
Vivifrail training programmes, according to their physical
functional status: Disability (0–3 points in the SPPB score),
Frailty (4–6 points), Prefrailty (7–9 points), and Robust
(10–12 points). A copy of their specific exercise protocol
was delivered for each patient. The initial load for resistance
exercises was established according to the Vivifrail exercise
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prescription guidelines (www.vivifrail.com/resources/)
through a progressive loading protocol, adjusting the load un-
til the patient was able to complete ~30 repetitions with
some effort. Initial load was set at 0.5 kg (dumbbells) and
gradually increased in 0.5 kg increments for upper-body exer-
cise; lower-body leg extensions started with free weight rep-
etitions and gradually increased in 0.5-kg increments using
ankle weights to gradually increase the intensity of
lower-body leg exercises based on the functional reserve of
the older patients. The exercise intervention comprised a 5-
day-a-week routine of multicomponent exercises (i.e. resis-
tance, balance, and flexibility exercises 3 days per week and
walking 5 days per week) during 12 consecutive weeks (for
more details, see http://vivifrail.com/resources/). After the
first month of exercise prescription and at the end of the
1 month follow-up visit, a new exercise training programme
was given to patients and caregivers according to patients’
functional status at that time.

Endpoints

The primary endpoint was the change in functional capacity
from baseline (beginning of the intervention) to 12 weeks af-
ter intervention, as assessed with the SPPB, which combines
balance, gait velocity, and leg strength as a single score on
a 0 (worst) to 12 (best scale).20 The meaningful clinical
change is considered 1 point for the SPPB.21

Secondary endpoints included changes in cognitive func-
tion assessed by the Spanish validated version of the
Minimental Cognitive State Examination22 (MEC-Lobo; 0
[worst] to 35 [best] score) for older adults with dementia
and the Montreal Cognitive Assessment23 (MOCA; 0 [worst]
to 30 [best] score) for those with MCI. Changes in functional
status of the patients during the intervention were also mea-
sured by the Barthel Index of ADLs,24 which ranges from 0
(severe functional dependence) to 100 (functional indepen-
dence). Also assessed were changes in mood status (15-item
Yesavage Geriatric Depression Scale Spanish version [GDS];
scale of 0 [best] to 15 [worst]),25 visual analog scale of the
EuroQol-5 Dimension (EQ-5D)26 questionnaire for quality of
life (QoL) assessment (Spanish version of the EQ-5D; scale
of 0 [worst health state imaginable] to 100 [best health state
imaginable]), and handgrip strength (dominant hand).27

Other secondary endpoints included falls, hospital admis-
sions, visits to the emergency department, institutionaliza-
tion, and mortality after 3 months of the intervention.
Number of falls were based on self-report. Additionally, pa-
tients and caregivers were asked about hospital admissions,
visits to the emergency department and institutionalization
in the last 3 months, and these endpoints were checked from
medical history. Mortality data were also collected from hos-
pital records.

Statistical analysis

We used the intention-to-treat approach for data analysis.
Between-group comparisons of continuous variables were
performed using linear mixed models for continuous
variables and with ordinal mixed models for ordinal variables
(i.e. patients’ distribution based on the Vivifrail classification).
The models included group, time, and group by time interac-
tion as fixed effects and participants as random effects and
were adjusted for age, sex, endpoint baseline value, and SPPB
baseline value, all of them included as fixed effects. Cognitive
endpoints (i.e. MOCA and MEC-Lobo) models were also ad-
justed for years of education, baseline CIRS, and baseline
Yesavage GDS values. Data are expressed as change from
baseline (when intervention started) to 1 and 3 months for
each group, determined by the time coefficients (95% confi-
dence interval [CI]) of the model. The primary conclusions
about the effectiveness of physical exercise were focused
on between-group comparisons of change in functional ca-
pacity assessed with the SPPB and determined by the time
by group interaction coefficients of the model. The same
strategy was used for examining the effectiveness of the
intervention on secondary endpoints including cognition,
muscle function, and well-being status.

Comparisons of secondary endpoints indicative of adverse
events were analysed using the Mann–Whitney test for non-
normally distributed quantitative data, mid-P value exact test
for rates, and χ2 or Fisher’s test for categorical data. Normal-
ity of data was checked graphically and through the
Kolmogorov–Smirnov test. The residuals were also checked
graphically, and no noticeable deviation from normality was
observed. All comparisons were two-sided, and the signifi-
cance level was established at P < 0.05. All statistical analy-
ses were made with SPSS, version 20 (IBM Corp) and R,
version 3.2.2 (R Foundation) software.

Results

The study flow diagram is shown in Figure 1. Of the 188
patients included in the analyses, 132 were women (70.2%);
the mean age was 84.1 (4.8) years (range 73–95 years). De-
mographic and clinical characteristics of the participants are
shown in Table 1. The mean adherence to the exercise ses-
sions in the intervention group was 79% in the first 4 weeks
and 68% in the following 8 weeks, and 5% of the participants
in the control group received physical rehabilitation. No ad-
verse effects associated with the prescribed exercises were
recorded, and no patient had to stop the intervention be-
cause of it.

With regard to the primary endpoint, the physical exercise
programme provided a significant benefit over clinical usual-
care. The exercise group showed a mean increase (over usual
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care) of 0.86 points in the SPPB score (95% CI 0.32, 1.41;
P < 0.01) after 1 month and 1.40 points (95% CI 0.82, 1.98;
P < 0.001) after 3 months of exercise training (Figure 2,
Table 2). The percentage distribution of patients in different
Vivifrail categories (Disability, Frailty, Prefrailty, and Robust)

also significantly differed between the two groups from base-
line to 3 months of the intervention (P < 0.001) (Figure 3),
indicating a beneficial effect––for instance, the percentage
of patients in the disability category progressively decreased
in the intervention group (14.8% at baseline, 6.8% at 1 month,

Figure 1 Study flow diagram.
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and 6.5% at 3 months), whereas no such trend was found in
the control group (4.0% at baseline, 5.2% at 1 month and
11.4% at 3 months; odds ratio intervention vs. control 0.14
[0.05, 0.45]).

Regarding the secondary endpoints, the exercise interven-
tion also seemed to provide benefits on cognitive function.
Indeed, the intervention group showed improvements in
the MOCA test after 3 months of exercise intervention (2.05
points; 95% CI 0.80, 3.28), whereas no such trend was found
in the control group (after 3 months �0.13 points; 95% CI
�1.08, 0.82) (P < 0.05) (Table 2). Similar between-group
differences were found in the MEC-Lobo test for those
patients with dementia (Table 2). We also found significant
between-group differences in handgrip strength and in
mood status (depression) (both P < 0.05) after 3 months
of intervention (Table 2). However, no significant
between-group differences were observed for the remainder

secondary endpoints, including health-related quality of life
(visual analog scale of the EQ-5D), Barthel Index of functional
ability in ADLs (Table 2), falls, hospital admissions, visits to
the emergency department, and mortality (all P > 0.10)
(Table 3).

Discussion

The present multicentre RCT adds to the growing body of ev-
idence for the beneficial effects of physical exercise in com-
munity dwelling older adults. Our RCT shows that the
Vivifrail individualized, tailored multicomponent intervention
of moderate-intensity muscle strengthening, balance, flexibil-
ity, and endurance exercises is safe and provides significant
benefit over usual clinical care in frail older patients with
MCI and dementia, as well as contributes to prevent or re-
verse the functional decline that often occurs in this popula-
tion. In addition to functional gains, our findings indicate that
the Vivifrail exercise programme promotes mood, cognitive,
and muscle function enhancements after 3 months of inter-
vention compared with usual clinical care.

The protective effect of physical exercise in community
dwelling older adults has been well confirmed in the
literature, supporting exercise as a cornerstone for preserving
functional status and muscle function in this
population.10,15,28 Contrastingly, physical inactivity is recog-
nized to promote frailty, and physical exercise is known to
maintain or improve the function of many of the physiologi-
cal systems that can be altered in frailty, including muscle
and heart function, endocrine function (e.g. glucose metabo-
lism), and inflammation, and delay the onset of multiple
chronic diseases.29 Previous trials have highlighted the poten-
tial benefits of a multicomponent exercise programme (resis-
tance, endurance, flexibility, and balance exercises) on the
functional capacity in older populations and for reducing
the likelihood of developing disability after long-time exercise
interventions (i.e. 6 months or over).6,30,31 One of the main
findings of our study is that 1 month of the intervention
was sufficient for improving functional capacity in the oldest
old. In addition to functional and muscle function (i.e. hand-
grip strength) gains, our results show that the Vivifrail exer-
cise programme has a beneficial effect on cognition in older
frail/prefrail patients with MCI and mild dementia, assessed
by MOCA and MEC-Lobo, respectively. The role of physical ex-
ercise on cognitive function has been widely investigated in
older adults,32,33 and specifically, multicomponent exercise
training seems to provide the best results on cognition in
older patients with MCI and dementia.6,12 Strikingly, cognitive
function enhancements might mediate physical function
improvements in acutely hospitalized frail elders.34 Thus,
physical activity shows promise as modifiable risk factor to
reduce the risk of dementia and related neurodegenerative

Table 1 Baseline characteristics of the participants

Variable
Control group
(N = 100)

Intervention group
(N = 88)

Demographic data
Age, years 84.0 (4.8) 84.2 (4.8)
Women, N (%) 69 (69.0%) 63 (71.6%)
Body mass index, kg/m2 27.0 (4.3) 27.1 (3.6)
Education, N (%)
<12 years 80 (80.0%) 67 (76.1%)
≥12 years 20 (20.0%) 21 (23.9%)

Living status, N (%)
Alone 26 (26.0) 19 (21.6)
Caregivers 12 (12.0) 9 (10.2)
Family members 60 (60.0) 58 (65.9)
Others 2 (2.0) 2 (2.3)

Clinical data
MCI, N (%) 63 (63.0) 49 (55.7)
Mild dementia, N (%) 37 (37.0) 38 (43.2)
Fried criteria, N (%)
Prefrail (1–2 points) 64 (64.0) 57 (64.8)
Frail (3–5 points) 36 (36.0) 31 (35.2)

CIRS score, median (IQR) 5.0 (5.0) 7.0 (6.0)
MNA score, median (IQR) 13.0 (3.0) 13.0 (3.0)
1RM leg press, kg 49.4 (27.2) 48.0 (24.1)
5 m GVT, s 7.8 (2.9) 8.7 (5.5)

Primary endpoint measures
SPPB scale, score 7.7 (2.5) 6.8 (2.7)

Secondary endpoint measures
MOCA, score 15.4 (5.2) 15.8 (5.2)
MEC Lobo, score 27.1 (4.5) 26.4 (5.3)
Barthel Index, score 91.7 (10.2) 91.1 (9.3)
Handgrip, kg 19.2 (7.7) 19.6 (6.7)
Yesavage GDS, score 3.4 (2.9) 3.9 (2.9)
QoL (EQ-VAS), score 71.4 (18.2) 70.6 (20.6)

Data are mean (SD) unless otherwise stated. Significant differences
were found between groups for SPPB score and CIRS score
(P < 0.05).
CIRS, Cumulative Illness Rating Scale; EQ-VAS, Visual analog scale
of the EuroQol questionnaire; GVT, Gait Velocity Test; IQR, inter-
quartile range; MNA, Mini-Nutritional Assessment; MCI, Mild Cog-
nitive Impairment; MEC, Minimental Cognitive Exam; MOCA,
Montreal Cognitive Assessment; QoL, Quality of Life; SPPB, Short
Physical Performance Battery; Yesavage GDS, Yesavage Geriatric
Depression Scale; 1RM, one-repetition maximum.
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diseases.35 Mechanistically, the neural and vascular adapta-
tions induced by exercise in older adults are hypothesized
to promote cognitive enhancements through stimulation of
neurogenesis, angiogenesis, and synaptic plasticity and by
reducing pro-inflammatory processes and cellular damage
brought about by oxidative stress.36 Moreover, the combina-
tion of different training modalities, with special emphasis on
resistance training, appears to be the best strategy for pre-

serving or improving cognitive function, but further research
is warranted to better understand the underlying physiologi-
cal mechanisms induced by exercise in community dwelling
frail older adults with MCI and dementia. Considering the
mood status, patients in the exercise group also had better
outcomes regarding depression than peers in the control
group. The exercise programme was, however, unable to in-
fluence the occurrence of falls during the intervention period.

Table 2 Results of study endpoints by group at 1 and 3 months post-intervention

Endpoints Time Control group Exercise group
Between-group

difference (95% CI)
p-value

between groups

Primary Endpoint: Changes in functional capacity
SPPB scale (points) 1 month �0.17 (�0.54, 0.19) 0.69 (0.29, 1.09) 0.86 (0.32, 1.41) 0.002

3 months �0.33 (�0.70, 0.04) 1.07 (0.63, 1.51) 1.40 (0.82, 1.98) <0.001
Secondary Endpoints: Changes in functional, cognition, muscle function, and mood status
Barthel Index (points) 1 month 0.18 (�1.80, 2.14) 1.69 (�0.51, 3.89) 1.51 (�1.44, 4.46) 0.319

3 months �0.10 (�2.11, 1.99) 0.99 (�1.40, 3.39) 1.09 (�2.04, 4.21) 0.499
MOCA (points) 1 month 0.50 (�0.42, 1.42) 2.25 (1.08, 3.41) 1.75 (0.27, 3.24) 0.340

3 months �0.13 (�1.08, 0.82) 2.05 (0.80, 3.28) 2.17 (0.61, 3.72) 0.014
MEC-Lobo (points) 1 month 0.64 (0.03, 1.26) 0.75 (0.07, 1.43) 0.10 (�0.81, 1.02) 0.826

3 months �0.50 (�1.13, 0.13) 0.63 (�0.09, 1.36) 1.13 (0.18, 2.10) 0.023
Handgrip strength (kg) 1 month 0.08 (�0.54, 0.71) 0.70 (0.00, 1.40) 0.62 (�0.32, 1.56) 0.200

3 months �0.70 (�1.35, �0.05) 0.35 (�0.42, 1.12) 1.05 (0.05, 2.06) 0.042
Yesavage GDS (points) 3 months 0.61 (0.15, 1.07) �0.51 (�1.04, 0.02) �1.12 (�1.82, �0.42) 0.002
QoL (EQ-VAS) (score) 3 months �0.71 (�4.49, 3.08) �0.49 (�4.93, 3.96) 0.22 (�5.62, 6.06) 0.942

Data are expressed as mean (95% CI). All data were derived from linear mixed-effects model. For each group, data are expressed as change
from baseline to 1 month and 3 months post-intervention, determined by the time coefficients (95% CI) of the model. Between-group
differences were determined with time x group interaction. All the endpoints were adjusted by age, sex, endpoint baseline value, and
SPPB baseline value. Additionally, cognitive endpoints (MOCA and MEC-Lobo) were also adjusted by Yesavage GDS, CIRS baseline value,
and years of education. A total of 137 patients (78.0% of patients in the control group and 67.0% in the intervention group) at 1 month
post-intervention and 118 patients (72.0% of patients in the control group and 52.3% in the intervention group) at 3 months
post-intervention reached their functional and muscle function endpoints. Cognitive data correspond to 137 patients (78.0% of patients
in the control group and 67.0% in the intervention group) at 1 month post-intervention and 118 patients (71.0% of patients in the control
group and 53.4% in the intervention group) at 3 months post-intervention.
CIRS, Cumulative Illness Rating Scale; EQ-VAS, Visual Analog Scale of the EuroQol Questionnaire; MEC, Minimental Cognitive Exam;
MOCA, MOCA, Montreal Cognitive Assessment; QoL, Quality of Life; SPPB, Short Physical Performance Battery; Yesavage GDS, Yesavage
Geriatric Depression Scale.

Figure 2 Within-group SPPB score change distribution for both groups.
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Although there is consistent evidence for exercise as an
effective therapy for falls prevention in community dwelling
older adults,37 our findings reveal no difference in incidence
between groups. These findings should be interpreted with
caution due to the short duration of the intervention period
(i.e. 3 months).

The present study is in line with the previously published
World Health Organization (WHO) Clinical Consortium of
Healthy Aging, which stresses the importance of maintaining
intrinsic capacity domains (i.e. locomotion, vitality, cognition,
psychological, and sensory) and specifically functional status
to preserve autonomy and independence in everyday
activities that enables wellbeing.38 Our results suggest that
the Vivifrail multicomponent exercise programme may help
to mitigate the trajectory of frailty and disability in commu-
nity dwelling older adults with MCI and/or mild dementia
and seems to also provide benefits in mood, cognitive, and
muscle function, which are key components of intrinsic
capacity. Our data support the notion that, in accordance
with the WHO framework, tailored physical exercise should

be prescribed to older adults and should be considered a
frontline treatment for preventing functional decline,
cognitive impairment, and muscle function deterioration that
commonly occurs during the aging process.14,39

Our study has several strengths including its multicentre
randomized design. Also, we focused on a particularly vul-
nerable segment of the older adult population, which in-
cluded patients with multiple co-morbidities and geriatric
syndromes as MCI/mild dementia (who are frequently ex-
cluded from exercise studies). Our findings suggest that a
home-based, individualized multicomponent exercise pro-
gramme (Vivifrail; www.vivifrail.com) has beneficial effects
on many health-related outcomes, overcoming barriers of-
ten encountered with traditional exercise interventions
such as material resources and transport limitations.
Finally, to minimize the potential bias, the assessment re-
searchers were unaware of the study design and group
allocation.

Our study has several limitations, including recruitment
challenges to achieve the sample size proposed in the study

Table 3 Results of secondary endpoints indicative of adverse events for each group

Endpoints (3 months) Control group Exercise group Rate ratio (95% CI)
P-value between

groups

Falls rate (100 person-month) 15.4 (10.6, 21.6) 20.8 (14.2, 29.3) 1.25 (0.83, 2.21) 0.225
Hospital readmission rate (100 person-month) 3.28 (1.41, 6.46) 1.72 (0.35, 5.04) 0.53 (0.11, 1.92) 0.358
Visits to emergency department rate
(100 person-month)

9.76 (6.25, 14.5) 6.32 (3.15, 11.3) 0.65 (0.31, 1.31) 0.234

Mortality, % 0 0
Transfer, %
Home 100 100
Institutionalization 0 0
Other 0 0

Data are expressed as rate (95% CI) unless otherwise indicated.

Figure 3 Changes in the functional categories at baseline, 1 month, and 3 months after intervention according to the Vivifrail classification: Disability
(SPPB score 0–3 points), Frailty (4–6 points), Prefrailty (7–9 points), and Robust (10–12 points). P-value after 1 month = 0.062. P-value after
3 months ≤ 0.001.
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protocol.17 The ‘lockdown’ for coronavirus disease 2019 had
a negative impact on the recruitment process and made it
difficult to reach the sample size initially calculated. Although
a rigorous randomization procedure was carried out, signifi-
cant between-group differences were obtained at baseline
for functional capacity (SPPB scale) and co-morbidities (CIRS
score). Also, there was missing data at 1 and 3 months
post-intervention due to the characteristics of the study pop-
ulation (octogenarians and nonagenarians with multiple geri-
atric syndromes) and the coronavirus lockdown during
March–June 2020. Additionally, more patients discontinued
the study in the intervention group compared with the
control group, which could have influenced in the results ob-
tained. The specific features of the study population (i.e. frail
or prefrail older patients according to the Fried criteria18 with
MCI or mild dementia) limit the generalizability of our results.
Thus, care should be taken when extrapolating our findings
to other cohorts. Lastly, the adherence to the exercise
training programme progressively dropped during the inter-
vention period (79% of the total sessions were completed
after 1 month of intervention and 68% at 3 months). Our
exercise adherence rate was, however, higher than in other
studies that developed similar home-based exercise
interventions.40

Our findings highlight several future directions for
research. The effectiveness and safety of the Vivifrail exercise
programme may be examined in future RCTs with longer in-
tervention periods (> 3 months). In addition to physical
exercise, further research is needed to establish consistent
evidence about the effect of multidomain interventions
including cognitive training on functional capacity and
cognition in community dwelling older adults with cognitive
impairment.

Conclusions

The Vivifrail multicomponent exercise training programme
appears to be an effective and safe intervention for improv-

ing functional capacity in community dwelling frail/prefrail
older patients with MCI or mild dementia. In fact, a 1 month
of exercise intervention is sufficient to enhance physical
function in this population. In addition to functional gains,
the individualized multicomponent exercise programme also
seems to have a beneficial effect on cognition, muscle func-
tion, and mood status after 3 months of exercise
intervention.
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