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Abstract

Background

Cognitive frailty, defined as having both physical frailty and cognitive impairment that does

not satisfy the criteria for Major Neurocognitive Disorder, represents an elevated risk for

morbidity. Hence, it is crucial to mitigate such risks. Physical activity interventions have

been found effective in protecting against physical frailty and cognitive deterioration. This

pilot RCT examines if smartwatches and mobile phone applications can help to increase

physical activity, thereby improving physical and cognitive outcomes.

Methods

Older individuals (n = 60) aged 60 to 85 years old will have their physical activity tracked

using a smartwatch. The subjects will be randomized into two arms: one group will receive

daily notification prompts if they did not reach the recommended levels of PA; the control

group will not receive prompts. Outcome variables of physical activity level, neurocognitive

scores, and physical frailty scores will be measured at baseline, T1 (3 months), and T2 (6

months). Sleep quality, levels of motivation, anxiety, and depression will be controlled for in

our analyses. We hypothesize that the intervention group will have higher levels of physical

activity resulting in improved cognitive and physical outcomes at follow-up. This study was

approved by the National University of Singapore’s Institutional Review Board on 17 August

2020 (NUS-IRB Ref. No.: H-20-038).

Discussion

Wearable sensors technology could prove useful by facilitating self-management in physical

activity interventions. The findings of this study can justify the use of technology in physical

activity as a preventive measure against cognitive frailty in older adults. This intervention

also complements the rapidly rising use of technology, such as smartphones and wearable

health devices, in our lives today.
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Registration details

This study has been retrospectively registered on clinicaltrials.gov on 5th January 2021

(NCT Identifier: NCT04692974), after the first participant was recruited.

Introduction

Cognitive and physical decline are two common ageing processes and they often interact.

Physical frailty was found to be a risk factor for subsequent cognitive decline and mild cogni-

tive impairment [1]. Similarly, cognitive impairment is an elevated risk for pre-frail and frail

older adults [2, 3]. Thus, the term cognitive frailty, defined as having both physical frailty and

cognitive impairment that does not satisfy the criteria for Major Neurocognitive Disorder [4],

encapsulates both of these common ageing problems. In this paper, we are referring to this def-

inition of cognitive frailty although it has recently been seen as a distinct concept within frailty

which do not require the presence of physical frailty [5, 6]. A definition based on it being a dis-

tinct concept seems too similar to mild cognitive impairment to be useful. Diagnostic tools of

cognitive frailty defer across studies and the resulting prevalence rates vary among commu-

nity-dwelling populations from 2.7% to 12.2% [7–11]. Among these studies, populations in

Asia showed lower prevalence rates of 2.7 to 6.3% [10, 11].

Adding the cognitive component to the definition of frailty has enhanced the predictive

validity of adverse health outcomes [4]. Those with cognitive impairments face an increased

prevalence of functional disability and mortality risks compared to those without cognitive

impairment [12]. With cognitive frailty representing an elevated risk for morbidity, it is crucial

to look into interventions that could help slow older adults’ arrival at this stage. One possible

intervention is the promotion of physical activity. Physical activity is a main intervention for

preventing and managing physical frailty. It was found to improve physical outcomes of pre-

frail and frail older adults and maintain physical independence [13], even in as short as six

weeks [14].

A wealth of research has been done regarding the role of physical activity on cognitive func-

tioning. Low to moderate exercise had the effect of significantly protecting against cognitive

decline in older adults without cognitive impairment [15, 16]. Similarly, meta-analysis results

show that aerobic physical activity had an impact on the cognitive function of people with Alz-

heimer’s disease or dementia in general [17, 18]. These signals hope for the potential reversibil-

ity of cognitive decline. In recent years, our understanding of the mechanisms of physical

activity on our well-being has increased. Possible factors that could play a role in the effects of

physical activity are sleep quality, levels of motivation, and depression and anxiety [19]. We

included these four factors to better understand the impact of physical activity.

With physical activity proving to be a potential method for delaying the onset or worsening

of cognitive frailty, wearable sensors technology could represent a foray into such preventive

intervention. Health-related usage of wearable sensors technology has found its way into

mainstream markets with the development and adoption of smartwatches like the Apple

Watch and Fitbits. Medical-grade wearable sensors have also been developed with more

advanced technical capabilities. Most of the health research surrounding the use of these wear-

able sensors devices focuses on monitoring and tracking health-related signals. This includes

stress monitoring [20], gait detection [21], monitoring of daily activities as an assistant to old-

er’s people lives [22, 23], and making assessments on their fall risk [24, 25]. Wrist-worn wear-

able sensors have been validated against other gold standard measurements like skin
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conductance finger sensors and electrocardiography in measuring heart rate and heart rate

variability [26]. The use of telehealth devices to encourage positive health behaviours has been

studied more in recent times [27]. In one study, they found that pairing the Fitbit One with

text message prompts could increase physical activity in the short term among participants

who were of an unhealthily heavy weight range [28]. However, it is noted that even with the

current pervasiveness of wearable sensors and mobile phones in our daily lives, the capabilities

of such technology in healthcare interventions have yet to be widely validated [27]. Thus, the

usability and efficacy of such technologies are still unclear.

Methodology

Experimental design

Our study aims to explore the use of wearable technology–in the form of smartwatches with

notification prompts–in physical activity engagement on cognitive frailty outcomes. We postu-

late that wearable technology will help increase engagement in physical activity and improve

cognitive and physical outcomes in older adults. The overarching goal is the prevention of cog-

nitive frailty among this group of older adults.

This pilot study is a randomized controlled trial with a pre-test and post-test design. The

independent variable explored in the study is the use of wearable technology and mobile appli-

cation prompts while the levels of physical activity and physical and cognitive improvements

are the dependent measures.

Data collection will be carried out at the research study site, by research assistants blinded

to the participant’s group assignment. The active arm will receive notification prompts on

their mobile applications if they did not reach the recommended levels of physical activity; the

control arm will not receive prompts.

Recruitment procedure. Participants will be recruited from either an existing cohort

study, the Community Health and Intergenerational (CHI) study, or via word-of-mouth refer-

rals from sources such as senior activity centres or memory clinics. The CHI study is an ongo-

ing cohort study investigating biopsychosocial factors of ageing among community-dwelling

older adults aged 60 years old and above in Singapore [29]. Only subjects who gave their con-

sent to be contacted for future research and met the inclusion criteria mentioned below will be

invited to participate in the current study.

Research team members will obtain written informed consent from the participants before

any study procedures and check that they meet the inclusion and exclusion criteria set out

below in the “Participants” section before any study procedures.

Randomization procedure. Randomization will be carried out by a research assistant not

involved in the study. Block randomization is used in this study to ensure that the two treat-

ment arms have the same number of participants. Random numbers will be generated using

block randomization (http://randomizer.org) with 30 sets of two numbers each. Each partici-

pant down the list will then be assigned to group 1 (intervention) or 2 (control) depending on

the random numbers generated.

The assessors will be blind to the treatment assignment of the participant when administer-

ing the questionnaires. Group assignment and subsequent installation of the mobile phone

application and smartwatch will only be done after completing baseline assessments.

Participants

Sixty older adults aged 60 to 85 years old living in Singapore will be recruited via convenience

sampling from the CHI study and word-of-mouth referral. If subjects currently engage in vig-

orous physical exercise, do not own an Android phone that can support at least a 6.0 Operating
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System, or have medical contraindications for physical exercise, they will be excluded from the

study.

Sample size justification

Given a hypothesized treatment effect size of 0.4, according to the meta-analysis of physical

activity intervention on cognitive outcomes [30] and physical outcomes [31], it was estimated

using G*Power [32] that a total sample size of 42 was required to detect a significant within-

between interaction with a power of .80, assuming α = .05; the correlation between repeated

measures = .50 and nonsphericity correction = 1. After considering potential drop-out rates of

20% and publication value, a total sample size of 60 was reached. This will be adequate to

detect an effect size of 0.4 or larger, at a power of .80 if such an effect exists. In order to assess

the feasibility of this RCT, recruitment and retention rates will be examined as secondary out-

come measures.

Material

Wearable sensors technology. The technology’s capability was developed in collaboration

with Ngee Ann Polytechnic’s School of Engineering. The wearable device used is the Fossil

Gen 4 Sports smartwatch, which allows tracking of the participant’s heart rate and the number

of steps taken. Physical activity tracking is enabled on the watch to allow the collection of

detailed information regarding physical exercise including type and duration of exercise, and

heart rate information. Two language settings–English and Mandarin, will be available on the

watch.

Mobile application. This will be linked to the smartwatches that participants wear. Partic-

ipants have to own an Android phone which can support at least a version 6.0 Operating Sys-

tem. The application is meant to download and store information of interest from the

smartwatches and encourage physical activity for those in the intervention group. The applica-

tion will provide reminders in the form of push notifications if participants fail to reach their

target for levels of physical activity. Two prompts–once at mid-day and once in the evening–

will be sent out if target steps are not reached. Another prompt will be sent out in the middle

of the week if target moderate-intensity exercises are not reached. The notification prompt

aims to increase physical activity, and this is supplemented by information regarding workout

classes, spaces, and facilities in their vicinity on the application. Safety messages regarding

important information to note while exercising will be included in the mobile application as a

reminder to participants to exercise carefully and safely. Similarly, two language settings–

English and Mandarin, are available on the mobile application.

Data collection

Baseline information on subjects’ demography, neurocognitive data, physical activity, and

physical frailty will be collected. Follow-up assessments of both cognitive and physical out-

comes will be done at 3 months and 6 months. The 6-month follow-up assessment allows us to

test the sustainability of this intervention and rule out novelty effects. Secondary variables such

as sleep quality, levels of motivation, anxiety, and depression will be included in the data col-

lection. In all, participants have to make three visits and their entire participation will last six

months.

Level of physical activity. Objective and subjective measurements of PA will be collected.

The number of steps taken and heart rate data will be obtained from the smartwatches that the

participants wear.
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Subjective physical activity data will also be collected using the International Physical Activ-

ity Questionnaire short form (IPAQ) [33]. This collects information on hours of vigorous and

moderate physical activity, walking, and sitting by the participant in the last seven days. This

questionnaire was previously used in a study on physical activity amongst our local population

[34]. A translated version of the IPAQ also showed adequate validity and reliability among a

similar older adult population [35].

Outcomes measures. Cognitive outcomes. A neurocognitive assessment test battery

(NCA) will be administered to measure cognitive outcomes. The NCA consisted of the follow-

ing tests: Rey Auditory Verbal Learning Test (RAVLT), Digit Span—Forward and Backward,

Colour Trails Test (CTT), Wechsler’s Block Design (WBD), and Semantic Verbal Fluency–

Animals (SFA). RAVLT measures verbal and learning memory by getting participants to recall

a list of words read aloud to them. Immediate and delayed recall and recognition tasks will be

carried out. Working memory and attention will be assessed by the Digit Span task. Partici-

pants will listen to a string of numbers read aloud to them and recall them in the same order.

They will subsequently do this in the backward order. CTT looks at sequencing and divided

attention. Participants have to link up coloured circles on the task sheet in a particular order,

as quickly as they can. WBD measures participants’ visuospatial ability where they have to

arrange the blocks to form a given pattern. Lastly, SFA measures their verbal fluency. They are

given one minute to list down as many animals as they can think of.

Physical outcomes. The FRAIL questionnaire [36] will be used. It is a simple questionnaire

on Fatigue, Resistance, Ambulation, Illness, and Loss of weight. The scores range from 0 to 5

where each question is scored based on Yes (= 1) and No (= 0). FRAIL scores of 0 represent

normal ageing, 1 to 2 represent pre-frail and 3 to 5 represent frail.

Although simple, the FRAIL scale has been validated to be a reliable screening test for frailty

in many older adult community samples [36, 37] including our local population [38]. Often,

the test can predict various adverse health consequences.

Additionally, physical performances related to frailty will be measured. These measure-

ments, as recommended by the Asia-Pacific Clinical Practice Guidelines [39], include (1) Grip

strength, (2) Gait speed, (3) Timed Up and Go (TUG), and (4) a portion of the Short Physical

Performance Battery (SPPB). To prevent repeated measurements of similar components, only

the time taken to rise from a chair and return to the seated position five times from the SPPB

[40] will be measured.

Secondary outcomes. Sleep quality. Pittsburgh Sleep Quality Index (PSQI) [41] will be

used as a subjective measure of the participant’s sleep quality. It is a self-report questionnaire

intended to measure sleep quality over a one-month time frame. The questionnaire consists of

19 questions scored on a scale of 0 to 3 where 0 = not during the past month and 3 = three or

more times a week. It measures seven different domains of sleep: (i) subjective sleep quality,

(ii) sleep latency, (iii) sleep duration, (iv) habitual sleep efficiency, (v) sleep disturbances, (vi)

use of sleep medication, and (vii) daytime dysfunction. Higher scores reflect poorer sleep qual-

ity and a global score of 5 or greater reflects poor sleep. The PSQI is a commonly used and vali-

dated tool with good reliability and validity [42]. However, when used on our local population,

the scale’s reliability is relatively low (α = 0.62; α = 0.64–0.67) although still acceptable [43, 44].

Self-efficacy. The Barriers Self-Efficacy Scale (BARSE) [45] to measure physical-activity-spe-

cific self-efficacy will be used in this study. BARSE is the most commonly used scale among

studies measuring self-efficacy concerning physical exercise interventions for Older Adults

[46]. The scale consists of 13 questions where participants will rate their confidence to carry

out certain behaviours in the presence of common barriers to exercising on a 10-point scale (1

to 100% in 10-point increments). The ratings are then summed up and averaged out by the
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number of questions to obtain a score for exercise-specific self-efficacy. Higher scores repre-

sent higher exercise-specific self-efficacy.

Depression and anxiety. The Geriatric Depression Scale (GDS) [47] and Geriatric Anxiety

Inventory (GAI) [48] will be used to measure levels of anxiety and depression. GDS consists of

15 questions while GAI has 20 questions. Each question has a yes or no response with either a

0 or 1 score attached to it. The scores are then added up and a higher score represents higher

levels of depression or anxiety symptoms. The GDS was established as a reliable and valid test

among community-dwelling older adults in Singapore, with a Cronbach’s alpha of 0.80 and

good inter-rater reliability and test-retest reliability [49]. GAI has shown good internal reliabil-

ity among older adults of similar ethnicity, with Cronbach’s Alpha above 0.90 [50, 51] and sig-

nificant concurrent validity with other measures of anxiety [51].

Study procedure

Delivery of intervention. Participants in the intervention group will be given the smart-

watch which they will use together with the accompanying mobile application for the period of

the study. During the period of intervention, the watch will track the physical activity of the

subject via the number of steps taken and the number of hours of moderate physical work

(based on heart rate). Heart rate and steps will be tracked whenever participants are wearing

the watch, which is when they are awake. The watch is charged nightly when they are sleeping.

Participants will have to log down their physical activity by activating the physical activity

tracker on the watch. If the subject did not hit the required level of physical activity, they will

be sent a notification prompt through the mobile application and smartwatch. A map of

nearby workout locations can also be accessed.

The physical activity guidelines for participants will be 150 minutes of moderate-intensity

exercise in a week and 7500 steps daily. Most guidelines for exercising recommend a mix of

different activities for older adults [52]. This includes both strength-based and aerobics physi-

cal activity [53]. As found in more recent review studies [17, 18], aerobic physical activity

seems to be more advantageous. Thus, we rely on the intensity of the physical activity instead

of the type. We do not intend to dictate the specific type of physical activity participants in our

study engage in. As this study is primarily an efficacy exploration, we set a general guideline

for the amount and level of physical activity instead and ask participants to clock in the type of

exercise they did. Thereafter, we will use secondary analysis to look at whether the types of

physical activity affect the results.

Effective physical activity dosage differs from person to person and the cognitive benefits

are dependent on the individual’s response to the cardiorespiratory level of the activity [54].

Thus, using the participant’s heart rate to gauge the level of physical activity will help tailor the

exercise dosage to that individual. Moderate intensity of physical activity is recommended

[55]. Such activities will see a slight increase in breathing and heart rate and as a general rule of

thumb, one should still be able to talk but not sing. The moderate intensity level can be deter-

mined by 50–70% of the participant’s Maximum Heart Rate (MHR). We help participants to

calculate their MHR using the formula: 220 –Their age.

We are advocating for a 7500 steps goal because for our target demographic group, the

healthy averages only 2000 to 9000 steps a day [56]. It is concluded that taking 7,100 steps a

day is a reasonable goal for older adults that account for the recommended moderate-intensity

exercise of 150 minutes a week. Moreover, over 7500 steps, mortality rates plateaued, showing

no signs of further decrease and the intensity of steps taken had no clear association with mor-

tality after considering the total step volume [57].
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Control group. The control group will be told to carry on with their usual activities. They

will also be given the same information on what the healthy physical activity guidelines are (i.e.

150mins of moderate intensity exercise a week and 7500 steps daily) during the first study

visit. The control group will only wear the watch as a tracking device for us to obtain informa-

tion regarding their heart rate and steps taken. They will not be able to see all of this informa-

tion and their smartwatches are modified to only show them the time.

Additionally, no prompts or notifications will be given through the mobile phone applica-

tion and it will be installed only for data collection purposes on our end.

Participant timeline

Fig 1 shows the enrolment, assessment and visit schedule for the study.

Data management

Each subject will be coded with an identifier number at the first visit and the link between the

code and the subject’s personal details will be kept separately. Documents with identifiers will

also be password protected. Only study team members will have access to this information.

Study team members involved with data collection will be properly trained and adequately

monitored to ensure a good standard of data collection. Coded research data will be used for

analysis. Personal data will not be used in a publication or presentation. All research data will

be kept for a minimum of ten years after the completion of the study for regulatory and inspec-

tion purposes by authorized authorities.

Research assistants involved with data collection will be properly trained and adequately

monitored to ensure a good standard of data collection. All data written on the assessment

form or keyed into the online assessment form must not be erased or thrown away. If needed,

cancellations must be accompanied by the signatures of the person making the changes. All

paper trails must be kept and not thrown away for accounting purposes. Cross-checks of the

data collated with the case report forms must be done during the process of the research study

to ensure accuracy.

Statistical analysis

The internal reliability of the scales used will be tested using Cronbach’s alpha. Outcome mea-

sures will be analyzed using generalized estimating equations with an AR1 working correlation

structure. As long as participants have at least 1 timepoint of measurement, they will be

included in the analyses. Sleep quality, levels of motivation, depression, and anxiety, will be

controlled for in the analyse and effect size and confidence intervals calculations will be carried

out. All statistical analyses will be carried out in R and finalized prior to conducting the analy-

sis. Results will also be reported in accordance with the CONSORT reporting guidelines for

randomised trials.

Discussion

Ethical and safety considerations

This study was approved by the National University of Singapore’s Institutional Review Board

on 17 August 2020 (NUS-IRB Ref. No.: H-20-038). The conduct of the study will be guided by

the Good Clinical Practice Principles and the Human Biomedical Research Act (2015) in Sin-

gapore. Written informed consent will be obtained from participants. An information sheet

will be provided to them and they will be given sufficient time to consider their participation

before being asked to sign the informed consent document. Additionally, the Mini-Mental
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Fig 1. SPIRIT schedule of enrolment, interventions, and assessments diagram.

https://doi.org/10.1371/journal.pone.0293340.g001
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State Examination (MMSE) with be administered to ensure that they have the cognitive capac-

ity to give consent at the moment that consent is taken. The version of MMSE used has been

modified for our local population with a set of locally validated norms adjusted for different

education levels and ethnicity. For those with primary school education, the cutoff scores will

be 19/20, and for those with secondary school and above education, the cutoff scores will be

22/23 [58]. Those who do not meet the MMSE cutoff scores, will not be invited to take part in

the study.

After informed consent has been taken, participants will be screened for eligibility first.

Subjects who do not meet the eligibility criteria will not be recruited for the study.

The risks involved in this study are expected to be minimal and no serious adverse effects

are expected. Some mild fatigue may be experienced during the cognitive and physical assess-

ments. Participants will be allowed to rest in between if required. The risk of overexertion dur-

ing physical exercises is mitigated by ensuring recruited participants do not have any pre-

existing conditions that preclude them from partaking in moderate exercise. Safety messages

are also included in the mobile application to serve as a reminder. Moreover, exercises are

intended to be of moderate intensity, and participants are not required to push to their limits.

Any protocol amendments, deviations or adverse events will be reported to the ethics board

and trial registries, if necessary.

Dissemination plan

The study started recruitment in December 2020 and was expected to end in August 2021.

However, due to restrictions and delays from the coronavirus pandemic situation causing mul-

tiple cessations of study procedures, the study has been extended to August 2023 and has now

completed data collection. Findings from this study will be shared with the scientific commu-

nity via peer-reviewed manuscript publications and conferences. A poster of the abstract of

this protocol had been presented at the 20th World Psychiatric Association’s World Congress

of Psychiatry.

Supporting information

S1 Checklist. Spirit checklist.

(DOC)

S1 Protocol. Latest study protocol.

(PDF)
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