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Abstract.
Background: Cognitive frailty (CF) is identified as one of the main precursors of dementia. Multidomain intervention has
been found to delay or prevent the onset of CF.
Objective: The aim of our present study is to determine the effectiveness of a comprehensive, multidomain intervention on
CF; to evaluate its cost effectiveness and the factors influencing adherence toward this intensive intervention.
Methods: A total of 1,000 community dwelling older adults, aged 60 years and above will be screened for CF. This
randomized controlled trial involves recruitment of 330 older adults with CF from urban, semi-urban, and rural areas in
Malaysia. Multidomain intervention comprised of physical, nutritional, cognitive, and psychosocial aspects will be provided
to participants in the experimental group (n = 165). The control group (n = 165) will continue their usual care with their
physician. Primary outcomes include CF status, physical function, psychosocial and nutritional status as well as cognitive
performance. Vascular health and gut microbiome will be assessed using blood and stool samples. A 24-month intensive
intervention will be prescribed to the participants and its sustainability will be assessed for the following 12 months. The
effective intervention strategies will be integrated as a personalized telerehabilitation package for the reversal of CF for future
use.
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Results: The multidomain intervention developed from this trial is expected to be cost effective compared to usual care as
well as able is to reverse CF.
Conclusion: This project will be part of the World-Wide FINGERS (Finnish Geriatric Intervention Study to Prevent Cognitive
Impairment and Disability) Network, of which common identifiable data will be shared and harmonized among the consortia.
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INTRODUCTION

Globally, the number of aging population is
increasing rapidly. Similarly, in Malaysia the number
of older adults has tripled from 550 thousand to 1.45
million during the last three decades; and by the year
2035, older adults will represent 15% of the Mala-
ysian population [1]. Frailty has been one of the
major concerns pertaining to aging [2]. Labelled as a
‘geriatric syndrome’, frailty is defined by five pheno-
type models which include unintentional weight loss,
fatigue, weakness, decreased gait speed, and physical
inactivity [3]. Frailty is associated with increased risk
of falls, functional disability, hospitalization, poor
quality of life, and death [2, 4, 5]. Frailty has been
reported as a ‘costly syndrome’, of which 40 to76%
of total health care cost was provided for older adults
with frailty [6].

Another vital component for healthy and succe-
ssful aging is cognitive function. Deterioration in cog-
nition among the aged population is often caused by
neurodegenerative diseases such as Alzheimer’s dis-
eases (AD), which is the leading causes of dementia
[7]. Early detection and intervention in individuals
with mild cognitive impairment (MCI)—a pheno-
type associated with increased risk of dementia—is
deemed crucial in the prevention or delaying of
dementia [8]. The interrelationship between physical
frailty and cognitive impairment has been highlighted
through underlying mechanisms that are common for
both conditions [9]. The causative mechanisms of
physical frailty comprise of systemic inflammation,
hormonal changes, and mitochondrial dysfunction
that contribute to depletion of homeostasis mainte-
nance [10, 11]. Noteworthy, these mechanisms also
act as catalyst in cognitive decline and dementia due
to neurodegenerative and vascular damages [12]. In
Malaysia, the co-existence of both physical frailty
and cognitive impairment has been demonstrated to
be high among institutionalized older adults [13].

The simultaneous presence of both physical frailty
and MCI is termed ‘cognitive frailty’ [14]. Cognitive
frailty (CF) is a newly identified medical condition
coined by the International Academy on Nutrition

and Aging (I.A.N.A) and the International Associa-
tion of Gerontology and Geriatrics (I.A.G.G) [15]. It
is found to be one of the main precursors to dementia
[14], associated with disability and increased mortal-
ity rate [16, 17]. The prevalence of CF was reported
to be between 1.0% to 12.0% in the community set-
ting globally [18, 19]. In a recent study, it was found
that 37.4% of community-dwelling older adults in
Malaysia were cognitively pre-frail and 2.2% had
CF [20]. Increased age, vitamin D deficiency, co-
existence of depression as well as frailty, declined
functional mobility, and processing speed have been
identified as the predictors of CF [21]. The adverse
health effects caused by CF calls for effective pre-
ventive measures. However, most of the preventive
interventions tested so far have been focused on either
physical frailty or MCI, but rarely for CF. Our earlier
pilot study using a multidomain intervention for the
potential reversal of CF [22] is showing promising
results, which need further validation.

Physical exercise is effective in improving physi-
cal and cognitive function among older adults with
physical frailty and cognitive impairment [14, 23].
Although intervention for physical frailty is monop-
olized by exercise, greater improvement in physical
function was observed when exercise was admin-
istered in combination with nutritional counselling
[24]. Similarly, cognitive training delivered together
with physical exercise was more effective in increas-
ing cognitive function [25]. In the study by [26], it was
reported that a multidomain intervention comprised
of nutritional, physical, and cognitive intervention
was demonstrated to be superior in reversing physical
frailty in older adults compared to a single compo-
nent intervention [26]. Older adults with CF were
shown to have improvement in cognitive and phys-
ical performance following 16 weeks of high-speed
resistance exercise training [23]. Nevertheless, nutri-
tional and psychological domains were not assessed
in this study, which is also crucial to provide a hol-
istic approach in order to improve the wellbeing and
quality of life among older adults with CF [15].
The Finnish Geriatric Intervention Study to Pre-
vent Cognitive Impairment and Disability (FINGER)
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is a large, long-term trial in which a multidomain
program comprised of cognitive training, physical
activity, nutritional intervention, and control of vas-
cular and metabolic risk factors improved cognition
and reduced the risk of cognitive decline in older
adults at increased risk of dementia [27–29]. The
aforementioned studies emphasize the need to incor-
porate several domains of interventions for a more
comprehensive approach for significant physical
and cognitive outcomes but none of these studies
addressed reversal of CF. Also, psychosocial aspects
are overlooked in these interventions trial. Older
adults with frailty are reported to be four times more
likely to be socially isolated, with less social engage-
ment and participation [30]. Therefore, interventions
targeting psychosocial aspects may benefit older
adults to a great extent. Psychosocial interventions
mainly targeting social support and participation in
social activities have shown to improve mental health,
life satisfaction, quality of life as well as improved
depressive symptoms in older adults with and without
MCI [31, 32]

In addition, in most of the studies multidomain
interventions were conducted over a short period of
time; and little is known about factors influencing
adherence towards multidomain intervention. During
the current COVID-19 pandemic, virtual or online
intervention, including telemedicine and telerehabil-
itation, has been adopted as an effective approach
for clinicians and health care professionals to vir-
tually meet their patients [33]. Telerehabilitation
for neurodegenerative disease is comparable to con-
ventional, in-person rehabilitation, of which 68.1%
participants are in agreement that telerehabilitation
is a significant alternative and are as good as face-
to-face assessment [34–36]. Others have reported
telerehabilitation to be feasible and effective in mus-
culoskeletal pain management and in falls prevention
in older adults with chronic diseases and at increased
risk of falls [37, 38]. In comparison to face to face
rehabilitation, telerehabilitation is more ideal for pain
control and functional recovery [39, 40]. Though tel-
erehabilitation has shown to have a significant impact
among individuals with physical impairment (pain,
functional disability) and cognitive impairment, but
such evidence is lacking for the reversal of CF. Fur-
ther, telemedicine application in certain age groups
such as older adults is a challenge due to techni-
cal illiteracy, lack of desire, and cost. In this age
group, the barriers need to be identified and elimi-
nated in order to increase the prevalence of telehealth
use [41, 42]. High cost and cultural resistance have

also been identified as main barriers for implementing
telemedicine in developing countries [43].

Mitigating factors that cover gut microbiome, phy-
siological, nutritional status, psychosocial, and envi-
ronmental aspects have rarely been considered in
such intensive intervention. It is essential to deter-
mine the influence of these factors to model a per-
sonalized rehabilitation program to reverse CF. The
aim of this article is to present and explain in depth
the study protocol of the ‘Multidomain Interven-
tion to Reverse Cognitive Frailty among Community
Dwelling Older Adults (AGELESS Trial)’. In AGE-
LESS Trial, we aim to determine the effect of a
comprehensive multidomain intervention (nutrition,
exercise, management of vascular and metabolic risk
factors, cognitive training, and psychosocial sup-
port) on CF; and to determine its cost effectiveness
as well as the factors influencing adherence toward
the intensive intervention. Further, the feasibility of
implementing the intervention using telerehabilita-
tion approach will also be evaluated.

METHODOLOGY

Study design

The AGELESS Trial is a multicenter, longitudi-
nal, double-blind randomized controlled trial (RCT)
recruiting participants around the Central of Mal-
aysia, i.e., Kuala Lumpur, with the Centre of Hea-
lthy Aging and Wellness, National University of
Malaysia, Kuala Lumpur (HCARE) as the urban set-
ting and two Senior Citizen Centres known locally
as “Pusat Aktiviti Warga Emas” (PAWE) in a semi-
urban and a rural area of Malaysia (PAWE Bangi,
Selangor and PAWE Rembau, Negeri Sembilan,
respectively). Ethical approval has been obtained
from the Universiti Kebangsaan Malaysia Medical
Research Ethics Committee (UKM PPI/111/8/ JEP-
2020-347).

Data collection will be conducted by a multidisci-
plinary team consisting of trained fieldworkers from
health sciences education background. This study
will be conducted according to the extended Medical
Research Council Framework for the development
and evaluation of RCT for complex interventions to
improve health (Fig. 1). This framework emphasizes
systematic development of interventions based on
available evidence and theory. Prior to implementa-
tion, a series of pilot tests will be executed to evaluate
the feasibility of the interventions developed.
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Fig. 1. Study model developed and adapted from the UK Medical Research Council (MRC) framework.

As illustrated in Fig. 2, this study will be conducted
in three phases. Phase 1 is the development of the
intervention package and Phase 2 is the screening,
baseline assessment, and randomization of the par-
ticipants, as well as the execution of the multidomain
intervention. Lastly, Phase 3 would be the personal-
ized rehabilitation approach modelling.

The AGELESS Trial is built on the FINGER tr-
ial model and is part of the World-Wide FINGERS
network of multidomain trials for dementia risk red-
uction and prevention [44]. The common key feature
of the RCTs participating in the network, including
AGELESS, is the use of a multidomain approach
focused on management of vascular conditions,
lifestyle, exercise and physical activity, cognitive
training, and nutrition guidance, delivered through
a combination of individually tailored counselling
sessions and group-based activities. Additionally,
the AGELESS clinical outcomes are harmonized to
those of the FINGER trial, to ensure comparability
of findings. It should be noted that in the AGE-
LESS Trial, individuals with CF will be recruited,
while FINGER involved older adults with cognitive
impairment. Both conditions are predementia states
of which the intervention components are similar. At
the same time, local adaptations are implemented
to account for geographical, ethnic, and cultural
differences, and thus facilitate adherence to the inter-
vention. Specifically, for this study, exosome (gut
microbiome) and mediators (physiological, vascular,
nutritional status, environmental, and psychosocial)
influencing intervention adherence will be assessed to

model personalized rehabilitation for reversing cog-
nitive frailty.

Calculation of sample size

Sample size calculation was done based on objec-
tives of the study. For Phase 2 study, sample size was
computed using G-Power software with effect size
(f = 0.15), obtained from previous study [45], while
the intervention effect was computed based on global
cognition (Mini-Mental State Examination, MMSE).
A total of 242 participants was found to be sufficient.
However, considering a 35% drop out rate (85); total
sample to be recruited is approximately 330 (rounded
to the nearest ten) with 165 participants in each group.

Selection of study participants: inclusion and
exclusion criteria

Approximately 1,000 individuals aged 60 to 80
years old will be screened for CF. The participants
will be informed about the study through distribu-
tion of flyers in PAWE and through social media
advertisements. Participants will be invited for the
screening in order to determine their eligibility for
AGELESS Trial. In addition to age, inclusion criteria
for the screening includes ‘free living in the com-
munity’ and absent of severe physical and mental
disabilities. Non-permanent residents and those who
resided less than 6 months in a particular study site
will be excluded. Participants will have to meet the
following inclusion criteria in order to be recruited in
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165

Fig. 2. AGELESS trial flowchart.
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the RCT; MMSE ≥19 and < 26 points [46], Clinical
Dementia Rating Scale (CDR) = 0.5 [13] and fulfils
at least three of Fried’s frailty criteria [3]. Exclusion
criteria include those conditions that affects engage-
ment in the interventions such as major depression,
dementia, other major psychiatric disorders, severe
cognitive impairment, malignant diseases or other
conditions preventing safe participation and coop-
eration as judged by the study staff and coincident
participation in any intervention trial.

A total of 330 (110 participants from each location)
individuals with CF, classified based on criteria tabu-
lated in Table 1 [15], will be recruited and randomly
assigned to the intervention (n = 165) or the control
group (n = 165). The randomization sequence will
be conducted by the clinical trial manager through
a computer program; the Research Randomizer by
trial manager [47]. Concealed envelopes will be used
to assign group status and group allocation will be
actively disclosed to participants, but they will be

Table 1
The classification of cognitive frailty groups

Criteria Cognitive Frailty

Frailty [3] Unintentional Frailty ≥ 3
weight loss

Weak hand Pre-frailty ≥ 1-2
grip strength

Slow gait speed Robust = 0
Exhaustion
Low physical activity

Cognitive Clinical Dementia CDR = 0.5
Impairment [15] Rating (CDR)

advised not to discuss the intervention during the
assessment sessions. In order to achieve double blind
design, all assessors involved in the baseline and
follow up assessments as well as the participants
will not be aware of the treatment arms of the par-
ticipants. A list of validated questionnaires will be
utilized for screening, including Malay version of
the MMSE [48], CDR [49], Beck Depression Inven-
tory [50], and Physical Activity Scale for the Elderly
(PASE) [51]. In addition, literacy toward Informa-
tion and Communication Technologies (ICT) will
also be examined during screening [52]. The ICT
questionnaire is meant to address questions pertain-
ing to smartphones and internet availability as well
as accessibility at their respective homes and within
their family circle.

Baseline measurement

Information on sociodemographic and medical sta-
tus, lifestyle as well as anthropometric and body
composition measurements will be taken. Based on
the assessment, each participant will receive a written
information on the assessed parameters and will be
advised to consult their doctor for cases that require
medication initiation such as high blood pressure
or hyperglycemia. As tabulated in Table 2, several
parameters will be included for the baseline assess-
ment of included participants. Functional magnetic
resonance imaging (fMRI) will also be performed at
resting state for 30 of the trial participants and 30 from

Table 2
The parameters collected at baseline

Parameters

Primary Outcomes
Cognitive function Modified Neuropsychological Tests Battery (mNTB) [53], Mini-Mental State Examination,

Clinical Dementia Rating
Physical fitness Fried’s Frailty Criteria, 2-min Step Test, Grip Strength Test, Chair Stand Test, Chair

Sit-and-Reach Test, Timed Up-and-Go Test, Back Scratch Test [54], Exercise Self-Efficacy
Scale (ESES) [55], maximum oxygen uptake (VO2max) [56].

Secondary Outcomes
Body composition Weight, height, arm span, mid-upper arm circumference, waist circumference, hip

circumference, calf circumference, fat mass, muscle mass
Psychosocial and functional status Medical Outcome Social Support (MOSS) [57], BRIEF-Cope [58], De Jong Gierveld

Loneliness Scale [59], Resilience scale [60], General Self-Efficacy Scale (GSES) [61],
University of Rhode Island Change Assessment (URICA) Psychotherapy version [62]

Dietary intake Diet History Questionnaire (DHQ) [63]
Vascular Health 30 ml blood for biochemical analysis (metabolic profile, troponin, nitric oxide, nutriomes,

albumin, amino acid and fatty acid profile, vitamin D receptor, vitamin B12, folic acid,
vitamin E, homocysteine), genomic stability and oxidative damage, mitochondrial function,
inflammatory markers, metabolomics analysis, gene related pathway analysis [20]

Fecal sample Gut microbiome [64]
Brain Activation Structural, task-based and resting state functional magnetic resonance imaging (fMRI) data

will be acquired using 3.0 Tesla scanner [65, 66]
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Fig. 3. AGELESS Trial Protocol adapted and modified from [23].

the control group. fMRI is a functional neuroimaging
technique that is non-invasive in studying patients
with neurodegenerative disorders and can be repeated
many times in longitudinal study [67]. In the present
study, fMRI is used to examine the effect of mul-
tidomain intervention on brain activation. This would
allow understanding on the pathological processes of
cognitive decline and what are the effects of inter-
vention. Sample size for fMRI was computed using
G-Power software with effect size (f = 0.5), obtained
from a previous study, for intervention effect on brain
MRI [68]. A total of 38 participants was found to be
sufficient. However, considering a 35% drop out rate
(total sample to be recruited is 59 with approximately
30 participants in each group. These participants will
be selected from two centers, Kuala Lumpur (urban)
and Selangor (semi-urban), according to the ability
of MRI facilities and resources.

Intervention program

The multidomain intervention package will be
developed and consolidated based on the FINGER
trial protocol; with adaptation to the local context
using a few prototypes to promote wellness, exercise,
physical activity, and prevention of cognitive decline
[22, 69, 70]. To facilitate adherence, each compo-
nent of the multidomain intervention will be initiated
in a stepwise manner (Fig. 3). Due to the COVID-
19 pandemic, the intervention will be administered
using hybrid method with both physical and virtual
sessions. During the physical sessions, strict standard
operating procedures (SOP) will be adhered to reduce
risk of infections. Body temperature and travel his-

tory (if any) of each participant will be taken prior to
the intervention. In addition, physical distancing of
at least 1 meter apart will be implemented and with
the intervention provider using personal protective
equipment.

The intervention package will begin with nutriti-
onal guidance based on Malaysian Dietary Gui-
delines for Older Adults [71] and Malaysian
Recommended Nutrient Intake for individuals aged
60 years and above [72]. It consists of three indi-
vidual sessions and nine group sessions that will be
conducted within 30 min up to 1 h for a stretch
of 24 months. The calorie intake will be calcu-
lated using formula of Mifflin St Jeor or Modified
Schofield equation [73] while for protein, it is advis-
able to recommend 1.2 to 1.5 g per kg body weight
per day [74]. Meanwhile, group counselling sessions
will include discussions that covers topics such as
Malaysian Healthy Plate, importance of intake of
macronutrient and fiber, menu planning, and how to
read food and nutrient information. Each session will
be carried out interactively through virtual session
that includes online games, slide and video presenta-
tion, gardening and cooking demonstration. During
individual counselling sessions, a dietitian and nutri-
tionist will provide personalized nutritional needs to
participants. The dietitian and nutritionist will count
recommended calorie intake for each participant and
will provide each participant with a menu plan based
on recommended calorie intake that consist of 10 to
20% of daily energy from proteins, 25 to 30% daily
energy from fat, and 50 to 65% from carbohydrates.
This menu plan will be taught using household mea-
surement.
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Psychosocial interventions will be implemented
along with nutritional interventions and will follow
the Transtheoretical Model (also called the Stages
of Change Model) [75]. This model is comprised of
five stages: precontemplation, contemplation, prepa-
ration, action, and maintenance. Intervention will be
divided into two parts, individual and group sessions,
where participants in experimental group will be
exposed to psychosocial intervention such as social
support, resilience, self-efficacy, reminiscing, and
coping strategies [31, 76, 77]. Talks led by medi-
cal practitioner will be held to create awareness on
the importance of healthy aging. Psychologists will
conduct sessions to empower intervention group on
healthy behavior and coping mechanism to manage
their stress that occurs due to reduced health capac-
ity, poor quality of life that arises from material
and cognitive aspects as well as lack of emotional
relationships or loss of loved ones [78, 79]. Coping
strategies are believed to help an individual to use
an adjustable mechanism to manage his or her pref-
erences according to the available options such as
accepting a disease and managing to live with it [78,
80]. Session for social support will involve partici-
pation of the respondents as well as their caregivers
during which they will be given a chance to com-
municate and express their feelings and emotions
to their caregivers. Improvement of health-related
behaviors among older adults is greatly affected and
promoted by good social support from family, friends,
and even neighbors [81, 82]. Sharing sessions among
the participants will involve individual stories of their
own lives biggest challenge and how they overcame
it to boost self-efficacy and resilience. Participa-
tion in intergenerational programs and meaningful
cross-age relationships may decrease social isola-
tion and increase older adults’ sense of belonging,
self-esteem, and well-being [83]. For this purpose,
activities such as visit to a kindergarten will be orga-
nized to enable interactive group session between
older adults and children. As a whole, numerous
group meetings of all intervention components is
expected to stimulate social participation among the
participants. Also, two reward sessions will be imple-
mented, intended to support and maintain the new
healthy behavior.

Following that, physical activity training will be
implemented based on a modified version of the
Dose Responses to Exercise Training (DR’s EXTRA)
study protocol [84]. The exercise prescription is indi-
vidually tailored based on the maximum oxygen
uptake (VO2max) and repetition maximum (RM) for

cardiovascular and muscular components respec-
tively. Participants will undergo treadmill test using
Balke Ramp protocol for VO2max assessment. With
this, participants will be required to perform 2-min
warm up at 1.7 mph and 0% grade followed by walk-
ing at 3.0 mph with a gradual increase of 1% per
minute until volitional fatigue in another 8 to 10 min
[85]. This multi-component group exercise routine
will consist of strength, aerobic, postural balance, and
stretching training. The intensity of strength training
will be progressed based on RM measurements. The
number of exercise sessions will be progressive and
increased from one to five times a week over a period
of 21 weeks. Engagement in more leisure time phys-
ical activity will be encouraged and a diary will be
provided for the participants to record their activities.

Cognitive training will be guided practice tasks to
train global cognition and cognitive domains mainly
targeting memory, executive function, visuospatial
and language abilities, attention as well as process-
ing speed. Training will be done in individual sessions
three times a week for 20 months. The training will
make use of the ‘pencil and paper’ cognitive exer-
cises such as crossword puzzle, memory game, word
search, maze, and tower of Hanoi. The training mod-
ule will be culturally adapted to the local context
and conducted in Malay to ensure the training is at
ease for the older adults as well as fun [86]. Cogni-
tive training administered via ‘paper and pencil’ have
been shown to be effective [87, 88]. Efficacy of the
training can be preserved by implementing comfort-
able methods for older adults and for that reason the
aforementioned method will be implemented prior
to computerized training [86]. The participants will
then be sufficiently trained by researchers to engage
in mobile-based training before they are expected to
independently use their mobiles for the mentioned
training.

Whereas for the metabolic and vascular risk factors
management, the national evidence-based guidelines
[89] will be set as the guideline. Participants will
be advised to do follow up with their current physi-
cian to monitor and continue their ongoing medical
interventions for existing medical conditions.

In order to validate this multidomain intervention
module, a panel of healthcare professionals will be
recruited to evaluate the suitability of each com-
ponent in this newly developed module. Then a
telerehabilitation module of this multidomain inter-
vention will be programmed, and its feasibility will
be tested in location 3 of the study, a rural area
of Malaysia. The need assessment of ICT literacy
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among older adults will be carried out in order to
identify the facilitators and barriers to technology use
and adoption as well as guide the design of devices.
It will be designated with interactive ICT platform
comprising of infographics to convey comprehen-
sive information. A videoconference will be included
to provide two-way communication between partici-
pants and multidisciplinary professionals. A training
of the trainer session will be conducted with local
volunteers and officers in charge of the care of older
adults in the rural area. The acceptance of telereha-
bilitation module will then be determined based on
Technology Acceptance Module (TAM) that assess
the content suitability, graphics and design among
older adults with cognitive frailty, their caregivers and
the stakeholders [90, 91].

Intervention and follow up

The AGELESS study includes 24-month interven-
tion plus 12-month extended follow-up. The outcome
measures will be assessed at baseline, on the 6th,
12th, 24th, and 36th month. Interventions will be con-
ducted in individual and group sessions for a stretch
of two years, while the extended 12-month follow-
up will be allocated to determine the sustainability
and long-term effects of the implemented interven-
tion module. During this phase, the respondents will
not have to attend any sessions with the researchers.
They will be provided home-based education materi-
als according to each domain of the intervention that
comes in the form of booklet (nutritional counselling,
psychosocial and vascular management), sandbags
and exercise booklet (physical training), and cogni-
tive training materials (e.g., puzzles and maze). The
multidomain interventions will be continued inde-
pendently by the participants.

Project timeline and consideration related to the
COVID-19 pandemic

The framework for the project was developed in
March 2020, when intervention module development
and discussion on their implementation had started.
The trial has been registered under ISRCTN reg-
istry (ISRCTN75429638). The primary investigators
along with the research committee will regularly
check the study site to ensure the protocol of each
intervention is followed carefully.

It is anticipated that participant recruitment and
screening will begin in May 2021 in urban area and
the intervention is expected to begin in July 2021.

With the current COVID-19 pandemic situation,
every session will take place using SOP ensuring the
safety of the study participants and the research staff.
A hybrid approach of recruitment, i.e., minimal face
to face and telephone interview will be conducted
to optimize recruitment during the COVID-19 pan-
demic. Each session will be limited to a maximum
of ten older adults and physical distancing will be
practiced. In person assessments will be minimized
by assigning participants with tasks to be completed
at home. Empowering and monitoring will be con-
ducted through phone calls, commonly used group
messaging; WhatsApp groups and social media plat-
form; Facebook [92]. A recent local study highlighted
that ‘senior-friendly’ computer-based interventions
and programs are well accepted by older adults [93,
94]. In rural areas, the availability and prevalence
of computer usage has increased through computer-
buying scheme enforced by the government [95].
Nevertheless, information on readiness and prefer-
ences towards this medium of communication will
be determined during enrolment of participants.

Control group

The control group will undergo regular health
monitoring that includes blood pressure and anthro-
pometry measurements as well as blood testing
(cholesterol, glucose HbA1C, troponin, nitric oxide).
They will also receive group counselling sessions,
health talks, and advice based on standard public
health pamphlets from Ministry of Health during the
6th, 12th, 24th, and 36th month follow up.

Cost effectiveness analysis

The cost effectiveness analysis is conducted to
measure the cost effectiveness of the multi domain
intervention comparing two groups namely control
and intervention groups for each intervention. The
cost analysis of each intervention group will be cal-
culated using top down and activity-based costing
[96]. The cost estimated in this study is only from the
provider cost. The effectiveness or outcomes vari-
ables of each intervention as described above will
be selected from the bivariate analysis findings and
also from the experts’ team for the cost effectiveness
analysis.

The cost effectiveness ratio (CER) and incremen-
tal cost effectiveness ratio (ICER) will be the sec-
ondary outcomes for this study. The CER is the ratio
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between cost and effect for both groups. The ICER
is used in cost-effectiveness analysis to explain the
cost-effectiveness of a health care intervention. The
formula is defined by the difference in cost between
two possible interventions, divided by the difference
in their effect. It represents the average incremental
cost associated with 1 additional unit of the measure
of effect [97].

The CER and ICER formula as shown below:
CER = Cost / Effect
ICER = Ca – Cb / Ea– Eb

Where;
Ca = cost of intervention among control group
Cb = cost of multi domain intervention among

intervention group
Ea = effect of intervention among control group
Eb = effect of multi domain intervention among

intervention group
Costs are in monetary units, effects measured in

terms of health status and outcome from expert team

Modelling personalized rehabilitation approach
to reduce risk of cognitive frailty

In Phase 3, the personalized rehabilitation module
to reverse CF will be remodeled based on the analysis
of Phase 1 and 2. Feasibility study and implemen-
tation in an urban area as well as semi urban area
and feasibility of telerehabilitation in a rural area of
Malaysia will be conducted. The significant strategies
from Phase 1 and 2 will be integrated into a module in
the hope for implementation for the reversal of CF in
the future through an ICT platform (Apps, web). This
model is an expansion from established prototypes
from an ongoing project ‘Warga Emas Sihat’ (WE
Sihat) which means healthy senior citizens [93]. The
model will include element and strategy for person-
alized rehabilitation including screening, program or
activities, monitoring and alert system to be used
mainly by stakeholders involved in the care of older
adults (policy makers, public health strategists, health
care professionals, local volunteers, and care givers).
Such application will provide standardized protocol
and easy to use treatment guidelines to support as
well as monitor the prevention and management of
older adults with risk of cognitive frailty.

Upon completion of the model, a round table and
focus group discussion will be conducted among 30
stake holders as mentioned above to determine the
acceptance using formative and summative proforma.

Statistical analysis

Statistical Package for Social Sciences (SPSS)
software, version 23.0 will be used for all the sta-
tistical analysis in this study. An alpha level of (0.05)
will considered for all the statistical tests. Two-sided
p values of (0.05) and (80%) power will be statisti-
cally significant. Results of Phase 2 (RCT) will be
analyzed through repeated measures analysis of vari-
ance for pre-test (Baseline Scores) and post-test (3rd
month, 6th month, 12th month, 24th month, and 36th
month) for intervention and active control group. All
the nutritional, psychosocial, cognitive, vascular, and
physical outcomes measures will be used for statisti-
cal analysis. The Benferonni correction will be used
for post-hoc analysis.

Relevance to government policy

The project is in-line with the National Plan of
Action for Older Persons and the National Health
Policy and Action Plan for Older Persons (11th Mal-
aysian Plan) under the Ministry of Women and Family
Development. Outcomes of this project is also valu-
able for updating the National Non-Communicable
Diseases Strategic Plan under the Ministry of Health
Malaysia.

Data management

The study will be executed in accordance with
Good Clinical Practice (GCP). This project will be
part of the Worldwide FINGER Trials, of which
common identifiable data will be shared among the
consortia. Therefore, we will, as much as the cur-
rent research infrastructure available to us, adhere to
two basic principles: 1) Data Protection: to ensure the
anonymity and privacy of our participants; 2) Data
Sharing: to ensure that data from publicly funded
research is publicly available We will ensure that
all institutional Data Protection requirements are fol-
lowed. Potentially identifiable personal data will be
stored only within secure locations and electronic
data in local secure servers, as stipulated within
the Personal Data Protection Act 2010. We would
be anonymizing data and enlisting our institutional
librarians to assist with data curation before then
depositing our data in an open data repository within
12 months of completion of the project.

All physical materials such as consent forms, com-
pleted questionnaires, and demographic details will
be secured in a locked cabinet at the research center
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within UKM. To respect participants’ privacy, they
will each be assigned a numerical code. Participant
names or other identifying features will not appear in
any form of data reporting. The coding system will be
stored digitally and manually at UKM and will only
be accessible to members of the research team.

Ethics and dissemination

Written informed consent will be obtained from all
participants. Every participant has the right to with-
draw from the study at any time and participation
is solely on voluntary basis. Findings of this study
will be disseminated through conference presenta-
tions and peer-reviewed publications. The results will
be shared with the World FINGERS network for
comparison purposes as well as to add novel local
evidence on CF.

DISCUSSION

This study is to identify if multidomain interven-
tion can reverse or delay CF in older populations,
similar to the ongoing FINGER study [23, 24]. The
Worldwide FINGERS network is the first global net-
work of multidomain trials for prevention of dementia
involving over 25 countries [23]. Most RCTs tar-
get people in the at-risk spectrum of dementia, but
the AGELESS Trial is one of the few studies that
includes physical frailty. Nevertheless, none of the
studies targeted dual outcome of CF and assessed the
sustainability for a longer period of time.

Also, the key strength of the current study in com-
parison to other ongoing projects is the involvement
of psychosocial domain as part of the intervention.
Psychological distress has been reported to be asso-
ciated with cognitive impairment as well as physical
frailty in a recent study [98]. However, this study was
focused only on the rural population [98]. Therefore,
the findings from our current study are expected to
fill the literature gap by involving older adults from
both rural and urban areas. Without addressing the
psychosocial wellbeing of an older adult, the like-
lihood of participation in an intervention would be
less than optimal [99]. In addition, this study is in
line with World Health Organization (WHO) Global
action plan on the public health response to dementia
2017–2025, the WHO guidelines for risk reduction
of cognitive decline and dementia [100, 101] as well
as the recommendations from the latest report of the
Lancet Commission on dementia prevention, inter-
vention, and care [102]. The study provides much

needed knowledge and data on risk factors for demen-
tia as this information is lacking in evidence, and is
at the forefront of local efforts for integrative and
innovative approaches to develop effective and sus-
tainable preventive interventions for the Malaysia
population and countries with similar cultural geo-
graphical and societal settings

Besides that, the key deliverables include novel
understanding of physiological, environmental, and
psychosocial variabilities in response to intervention,
leading to personalized rehabilitation reversing CF.
Findings of environmental and psychosocial factors
influencing adherence toward intervention may
lead to better formulation of public health strategies
involving older adults. The multidomain intervention
is considered as a possible strategy to contain the
health care cost for older adults [6]. The integrated
intervention consolidated in an ICT application
has the potentials to be up scaled as a nationwide
program, in particular during this COVID-19
pandemic, providing innovative examples to other
developing countries which are aging population.
On the downside, conducting this study during
the pandemic is rather challenging considering the
target population are the most vulnerable group for
infectious diseases. In order to reduce the risk of
spread of infections between participants, this cur-
rent study will emphasize virtual training sessions.
Other strategies to ensure the success in recruitment
and participants’ retention throughout the study
during this pandemic are to involve and train local
managers at each study cites. Although the training
modules will be mainly in Malay language, bilingual
(Malay and English) modules for generalization of
the module globally will be available.
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[64] Novotný M, Klimova B, Valis M (2020) Microbiome and
cognitive impairment: can any diets influence learning
processes in a positive way? Front Aging Neurosci 11,
170.

[65] Kikuchi T, Miller JM, Schneck N, Oquendo MA, Mann
JJ, Parsey RV, Keilp JG (2012) Neural responses to incon-
gruency in a blocked-trial Stroop fMRI task in major
depressive disorder. J Affect Disord 143, 241-247.

[66] Othman EA, Yusoff AN, Mohamad M, Manan HA, Hamid
AIA, Giampietro V (2019) Hemispheric lateralization
of auditory working memory regions during stochastic
resonance: An fMRI study. J Magn Reson Imaging 51,
1821-1828.

[67] Dickerson BC, Sperling RA (2008) Functional abnormal-
ities of the medial temporal lobe memory system in mild
cognitive impairment and Alzheimer’s disease: Insights

from functional MRI studies. Neuropsychologia 46, 1624-
1635.

[68] Van Dalen JW, van Charante EPM, Caan MWA, Scheltens
P, Majoie CBLM, Nederveen AJ, Gool WA, Richard E
(2017) Effect of long-term vascular care on progression
of cerebrovascular lesions. Stroke 7, 1842-1848.

[69] Vanoh D, Shahar S, Razali R, Ali NM, Manaf ZA,
Noah SAM, Nur AM (2019) The effectiveness of a Web-
Based Health Education Tool, WESIHAT 2.0, among older
adults: A randomized controlled trial. J Alzheimers Dis 70,
255-270.

[70] Johari SM, Shahar S, Ng TP, Rajikan R (2014) A
preliminary randomized controlled trial of multifaceted
educational intervention for mild cognitive impairment
among elderly Malays in Kuala Lumpur. Int J Gerontology
8, 74-80.

[71] National Coordinating Committee on Food and Nutrition
(NCCFN) (2010) Malaysian Dietary Guidelines. Putra-
jaya: Ministry of Health.

[72] National Coordinating Committee on Food and Nutri-
tion (NCCFN) (2017). Recommended Nutrient Intakes for
Malaysia. Putrajaya: Ministry of Health.

[73] Reidlinger DP, Willis JM, Whelan K (2015) Resting
metabolic rate and anthropometry in older people: A com-
parison of measured and calculated values. J Hum Nutr
Diet 28, 72-84.

[74] Bauer J, Biolo G, Cederholm T, Cesari M, Cruz-Jentoft
AJ, Morley JE, Philips S, Sieber C, Stehle P, Teta D,
Visvanathan R, Volpi E, Boirie Y (2013) Evidence-based
recommendations for optimal dietary protein intake in
older people: A position paper from the PROT-AGE study
group. J Am Med Dir Assoc 14, 542-559.

[75] Prochaska JO, DiClemente CC (2005) The transtheoreti-
cal approach. In: Handbook of psychotherapy integration,
2nd edition, Norcross JC, Goldfried MR, eds. Oxford Uni-
versity Press, New York, pp. 147-171.

[76] Forsman AK, Nordmyr J, Wahlbeck K (2011) Psychoso-
cial interventions for the promotion of mental health and
the prevention of depression among older adults. Health
Promot Int 26, 85-107.

[77] Forsman AK, Schierenbeck I, Wahlbeck K (2011) psy-
chosocial interventions for the prevention of depression in
older adults: Systematic review and meta-analysis. J Aging
Health 23, 387-416.

[78] Dockendorff DCT (2014) Healthy ways of coping with
losses related to the aging process healthy ways of coping
with losses related to the aging process. Edu Gerontol 40,
363-384.

[79] Skinner EA, Edge K, Altman J, Sherwood H (2003)
Searching for the structure of coping: A review and cri-
tique of category systems for classifying ways of coping.
Psychol Bull 129, 216-269.

[80] Ribeiro S, Borges S, Araujo TCCF, Souza MCDS (2017)
Coping strategies used by elderly regarding aging and
death: An integrative interview. Rev Bras Geriatr Gerontol
20, 869-877.

[81] Thanakwang K, Soonthorndhad K (2011) Mechanisms by
which social support networks influence healthy aging
among Thai dwelling elderly. J Aging Health 23, 1352-
1378.

[82] Wu F, Sheng Y (2019) Social support network, social sup-
port, self-efficacy, health-promoting behavior and healthy
aging among older adults: A pathway analysis. Arch
Gerontol Geriatr 84, 103934.



P. Ponvel et al. / Multidomain Intervention for Reversal of Cognitive Frailty 687

[83] Park A (2015) Do intergenerational activities do any good
for older adults well-being?: A brief review. J Gerontol
Geriatr Res 3, 3-6.

[84] Komulainen P, Kivipelto M, Lakka TA, Savonen K, Has-
sinen M, Kiviniemi V, Hänninen T, Rauramaa R (2010)
Exercise, fitness and cognition - A randomised controlled
trial in older individuals: The DR’s EXTRA study. Eur
Geriatr Med 1, 266-272.

[85] Petrella RJ, Koval JJ, Cunningham DA, Paterson DH
(2001) A self-paced step test to predict aerobic fitness in
older adults in the primary care clinic. J Am Geriatr Soc
49, 632-638.

[86] Alnajjar F, Khalid S, Vogan AA, Shimoda S, Nouchi
R (2019) Emerging cognitive intervention technologies
to meet the needs of an aging population: A systematic
review. Front Aging Neurosci 9, 291.

[87] Bahar-Fuchs A, Martyr A, Amy G, Sabates J, Clare
L (2019) Cognitive training for people with mild to
moderate dementia. Cochrane Database Syst Rev 7,
CD013069.

[88] Ng TP, Hui L, Ling A, Feng L, Shwe M, Nyunt Z, Feng L,
Niti M, Tan BY, Khoo SA, Chan SM, Yap P, Yap KB
(2018) Cognitive effects of multi-domain interventions
among pre-frail and frail community-living older persons:
Randomized controlled trial. J Gerontol A Biol Sci Med
Sci 73, 806-812.

[89] (2017) Clinical Practice Guidelines on Primary &
Secondary Prevention of Cardiovascular Disease.
http://www.moh.gov.my

[90] Davis FD, Bagozzi RP, Warshaw PR (1989) User accep-
tance of computer technology: A comparison of two
theoretical models. Manage Sci 35, 982-1003.

[91] Venkatesh V, Davis FD (2000) A theoretical extension of
the technology acceptance model: Four longitudinal field
studies. Manage Sci 46, 186-204.

[92] Malaysian Communications and Multimedia Commission
(2017) Internet users survey. Malaysian Communications
and Multimedia Commission, Cyberjaya.

[93] Vanoh D, Ishak IH, Shahar S, Manaf ZA, Ali NM, Azman
S, Noah M (2018) Development and assessment of a web-
based intervention for educating older people on strategies
promoting healthy cognition. Clin Interv Aging 17, 1787-
1798.

[94] Azizam NA, Ismail A, Sulong S, Nor NM (2019) Cost-
effectiveness analysis of psoriasis treatment modalities in
Malaysia. Int J Health Policy Manag 8, 394-402.

[95] Kamaruddin K, Jusoh O (2008) Adult computer literacy
programme in rural areas in peninsular Malaysia. J Hum
Resour Adult Learn 4, 142-153.

[96] Aniza I, Saperi S, Aljunid SM (2015) Carta alir klinikal
penjagaan dan kawalan kos rawatan. UKM Press.

[97] Drummond M, McGuire A (2001) Economic evaluation in
health care: Merging theory with practice. Int J Epidemiol
31, 877-878.

[98] Jing Z, Li J, Wang Y, Ding L, Tang X, Feng Y, Zhou C
(2020) The mediating effect of psychological distress on
cognitive function and physical frailty among the elderly:
Evidence from rural Shandong, China. J Affect Disord 268,
88-94.

[99] Dedeyne L, Deschodt M, Verschueren S, Tournoy J, Gielen
E (2017) Effects of multi-domain interventions in (pre)
frail elderly on frailty, functional, and cognitive status: A
systematic review. Clin Interv Aging 24, 873-896.

[100] WHO (2017) Global action plan on the public health
response to dementia 2017–2025, World Health Organi-
zation.

[101] WHO (2019) Risk reduction of cognitive decline and
dementia, World Health Organization.

[102] Livingston G, Huntley J, Sommerlad A, Ames D, Bal-
lard C, Banerjee S, Brayne C, Burns A, Cohen-Mansfield
J, Cooper C, Costafreda SG, Dias A, Fox N, Gitlin LN,
Howard R, Kales HC, Kivimäki M, Larson EB, Ogunniyi
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