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Abstract. This study sought to investigate whether community dwelling older
adults can independently undertake a Timed Up and Go (TUG) test and capture
objective data related to frailty risk using a wearable sensor system. Participants
were visited in their own homes and completed a sequence of TUG tests. These
TUG tests were firstly supervised by the researcher. The TUG tests were then
repeated by participants, unsupervised on the subsequent two days. The kinesis
QTUG system was used to capture objective data during each TUG test. Fifty-
one participants took part in this investigation, and 32 participants successfully
obtained a frailty risk score using the QTUG system. Overall, the system usability
score for the QTUG system ranged from 2.5 to 92.5 demonstrating a wide vari-
ation in participants’ perception of its usability. Results of the Spearman’s rank
correlation coefficient (rs) indicate there was a very strong positive correlation
between the supervised and the unsupervised QTUG tests for each of the two days
(rs .942 and .874 day 1 and day 2 respectively p < .001). These results indicate
that older adults can independently capture information relevant to their risk of
frailty that does not depend on a clinician or researcher for analysis.
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1 Introduction

The global population is ageing at an unprecedented rate. Between 2015 and 2050 the
proportion of the world’s population over 60 years will nearly double from 12% to 22%
[1]. Frailty is one of the greatest challenges facing an ageing population. It is a progressive
age-related decline in physiological systems that results in decreased reserves of intrinsic
capacity,which confers extremevulnerability to stressors and increases the risk of a range
of adverse health outcomes [2]. It is reflective of biological as opposed to chronological
age and is influenced by physical, psychological, and social factors [2].

Frailty impacts 24% of community-dwelling adults over 65 years of age in Ireland,
while thefigure for pre-frailty, those at higher risk of progressing to frailty and its negative
sequelae is 45% [3, 4]. Due to the heterogeneity of studies, global figures are difficult to
establish, however, a systematic review of research in Europe, USA, UK, Ireland, and
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Asia indicates that the prevalence of frailty and pre-frailty is as high as 27% and 50%
respectively [5]. Frailty places older adults at increased risk for falls, disability, hospital
admissions, institutionalization and mortality [6–10]. Exercise-based interventions have
been shown to reverse frailty [11–13]. These interventions are particularly effective
if delivered in a timely manner at the early stages of decline [14]. As a result, the
early detection of frailty is critical in the development of preventive strategies against
age-related conditions.

There are two major approaches to model frailty. Fried’s Frailty Phenotype (FFP)
model [7] identifies frailty by the presence of at least three of five physical characteristics;
weight loss, exhaustion, low energy expenditure, slow walking speed and low handgrip
strength. TheDeficit Accumulation Index [9] identifies frailty based on the accumulation
of a range of symptoms, sensory deficits, clinical signs, diseases, disabilities and abnor-
mal laboratory test results. Other tools include the Frail Scale [15], the Tilburg Frailty
Scale [16], and the Edmonton Frail Scale [17]. However, these assessment tools are time
consuming and require clinical expertise within a geriatric department to complete.

Impaired physical function and declining physical activity are major precursors to
frailty. Traditional assessments of physical function carried out in clinical settings are
therefore frequently used to identify frailty. At present, it is common practice amongst
healthcare professionals to use a combination of unstructured and structured methods to
assess physical function and physical activity in older adults. Unstructured assessment
methods include free observation of patientmovement (e.g.walking into the room, sitting
down, reaching out for an object) and questions to investigate perceived changes in the
ability to complete activities of daily living. Structured assessment methods include
questionnaires to investigate the impact of physical health on quality of life and physical
activity, such as the CASP-19 [18], and tests to assess motor performance, such as
the Berg Balance Scale [19], Elderly Mobility Scale [20], and the Timed Up and Go
(TUG) test [21]. Although these methods may yield clinically relevant information and
are generally easy to use, their sensitivity for quantifying small changes in physical
function is limited, and therefore they may not be sensitive to identifying the early
indicators of frailty. Additionally, the opportunities to undertake these assessments are
limited to clinical visits, and there is the risk that the onset of frailty might go undetected
or be identified too late.

Wearable sensors has become a pervasive means of measuring physical function and
physical activity [22–24]. A recent systematic review has shown that wearable sensors
can be used to collect objective, quantifiable parameters of mobility and physical activity
that can be used to distinguish between levels of frailty [25]. The majority of studies
examined were carried out in laboratory or under test conditions. While this type of
assessment, in a controlled laboratory or clinical environment is important, the collection
of data in the home setting is considered more valuable [26, 27]. As the onset of frailty
can be more insidious, more regular or continuous assessments of physical function,
in a person’s naturalistic, home environment may be more useful in identifying frailty.
Facilitating older adults to undertake these assessments and capture this objective data
in their own homes may not only reduce the burden of testing (e.g. clinician time,
traveling to a clinic for assessment) but also allow for the earlier detection of frailty and
earlier intervention. However, it needs to be investigated whether these assessments of
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physical function can be performed by older adults independently and unsupervised in
their homes. The QTUG system has been shown to be reliable in themeasurement of gait
and mobility [28], and is accurate in predicting falls in people with Parkinson’s disease
[29], and community dwelling older adults [30, 31]. In this current study, the Kinesis
QTUG was used to provide an objective frailty risk score during a TUG test.

This study sought to investigate whether community-dwelling older adults can inde-
pendently and safely undertake a TUG test in their own home and operate the Kinesis
QTUG to capture an objective frailty risk score. This study also sought to examine the
usability of the Kinesis QTUG system among older adults.

2 Methodology

2.1 Study Design

A cross-sectional study was conducted to investigate the ability of older adults to inde-
pendently undertake a physical function test and capture objective data using the Kinesis
QTUG sensor and software system.

2.2 Participants

Participants for this studywere recruited through advertisements in local golf, bridge and
church community groups. Those interested were assessed for eligibility by amember of
the research team over the telephone using the study eligibility criteria; 65 years of age
and over, independently mobile, physically capable of performing a series of mobility
tests, had no cognitive or neurological deficits and no history in the past 6months of lower
limb orthopaedic trauma or surgery that would interfere with the ability to exercise. A
sample of 52 was based on power 0.8, effect size 0.8, p value 0.05 (AI-Therapy Statistics
2018). This is justified in the literature with previous studies including similar sample
sizes (Apsega et al. 2020).

2.3 Ethical Considerations

The study protocol received ethical approval from the School of Health and Science
Ethics Committee in Dundalk Institute of Technology, and all participants signed a
written informed consent form prior to participation.

2.4 Data Collection

Participants were visited on two occasions in their homes for data collection. Each visit
was scheduled 48-h apart, and took place between September 2021 and December 2021.
During the first visit, a frailty assessment was conducted with each participant based
on Fried’s Frailty Phenotype (FFP) [7]. Participants were also requested to perform a
Timed Up and Go (TUG) test [32].

The FFP consists of five phenotypes of weight loss, exhaustion, low level of activity,
weakness as measured by grip strength, and gait speed. Weight loss scored one point
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for unintentional weight loss >4.5 kg in the previous year or a body mass index (BMI)
<18.5 kg/m2. Exhaustion was assessed subjectively through two questions regarding
perception of energy and how regularly one had rested in bed during the day over the
previous fourweeks – one pointwas scored if the answer to the first questionwas negative
and ‘every day’ for the latter. Low level of activity scored one point if self-reported
frequency of high and moderate activity was “never or hardly ever”. Handgrip strength
and gait speedweremeasured objectively and scored according to pre-determined cut-off
points [7] and (www.cgakit.com 2015) respectively. One point was scored for weakness
if handgrip strength was less than a pre-determined cut-off weight (in kg) for sex and
BMI categories. One point was scored for slowness if time to complete the TUG test
was equal to or exceeded 19 s. Individuals are considered non-frail or robust if they fulfil
none of the criteria, pre-frail if they fulfil one or two and frail if they meet three or more
of the five criteria.

The TUG test is a reliable and valid test of function and mobility that measures
in seconds (s), the time taken by a participant to stand up from a standard chair seat
height, walk a distance of 3-m (m), turn 180°, walk back to the chair and sit down
[32]. Prior to performing the TUG test participants were instrumented with the Kinesis
QTUG sensors. Each sensor contains a tri-axial accelerometer, tri-axial gyroscope and a
magnetometer. One sensor was secured on each shin, over outer clothing using reusable
straps (Fig. 1). The QTUG sensors connected via Bluetooth to the Kinesis QTUG app
which uses the sensor and demographic data to produce a frailty score. Values below
50% are considered non-frail, values between 50 and 70% are considered transitionary,
values above 70% are frail, while values above 90% are considered very frail.

Fig. 1. Placement of the Kinesis QTUG sensors on the participant’s shanks

Following the supervised TUG test, participants were requested to repeat the TUG
test unsupervised, and record data using the QTUG system, once each day over the
following 48-h. Participantswere providedwithwritten and verbal instructions on how to

http://www.cgakit.com
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perform the test as well as a demonstration by the researcher. Participants were instructed
to perform the TUG test along the same course and using the same chair as in the
supervised test. Participants were provided with an illustrated information booklet and
received training in the use of the QTUG. Off-site phone support was also available
where required.

Participants were visited a second time 48-h after the initial visit. During this visit,
participants were asked to complete the system usability score (SUS), a validated out-
come measure which measures the usability of a system [33]. It consists of a 10-item
questionnaire with five response options for respondents ranging from strongly disagree
to strongly agree, resulting in a score between 0 and 100. The SUS for the QTUG system
was calculated using standard methodology [33].

2.5 Data Analysis

Data were collated using Microsoft Office Excel (Microsoft Corp) and analyzed using
SPSS software (IBM Corp). Descriptive statistics of continuous variables are presented
as mean and standard deviation (SD). The frailty risk scores from the QTUGwere tested
for normality using the Shapiro-Wilk test. A p value of <.05 was considered statisti-
cally significant. The relationships between the supervised and the unsupervised QTUG
frailty risk scores were analysed using Spearman’s rank correlation coefficient. Corre-
lation coefficients were interpreted as follows; very strong (0.9–1.0), strong (0.7–0.89),
moderate (0.4–0.69) or weak (0.10–0.39) [34]. Because of the relatively small sample
size and the non-normally distributed data, the relationships between the supervised
and the unsupervised QTUG frailty risk score were analysed using Spearman’s rank
correlation coefficient.

3 Results

Fifty-one participants (age 77.5 ± 8.4 years, height 163.6 ± 8.54 m, weight 72.0 ±
13.5 kg, female 76%; n= 39) took part in this investigation. Assistive walking aids were
used by n = 3 participants. According to the FFP, six participants were classified as frail
31 were pre-frail, and 14 were non-frail. According to the supervised QTUG data, n =
26 participants were classified as non-frail, n = 7 were classified as transitional, n = 3
were classified as frail, while n = 15 were very frail. Sixty-three percent (n = 32) of
participants successfully obtained a frailty risk score unsupervised, in their own home
using the Kinesis QTUG system. A further 29% (n= 15) attempted to perform the TUG
test and used the QTUG system but were unsuccessful, while 8% (n = 4) (age 82.5 ±
3.19 years) declined to take part in the training and the unsupervised test. A breakdown
of the number, percentage and age of successful and unsuccessful unsupervised QTUG
by frailty status is presented in Table 1.

The SUS was completed by 80% of all participants (n = 41), with missing data due
to participant unavailability at the second home visit. Percentile scores of the system
usability score range from 2.5 to 92.5. Mean scores are presented by frailty group in
Table 2.
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Table 1. Number, percentage and age of successful and unsuccessful unsupervised QTUG by
frailty status

Frailty Group n % of each cohort Age mean (SD)

Unsuccessful

Non frail 2 14 73.5 (6.4)

Pre-frail 14 45 82.5 (5.7)

Frail 3 50 89.7 (2.9)

Total 19 37 82.7 (6.6)

Successful

Non frail 12 86 71.4 (7.1)

Pre-frail 17 55 75.2 (7.8)

Frail 3 50 81.0 (7.9)

Total 32 63 74.3 (7.8)

Includes Declined; n = 4; Pre-frail n = 1; Frail n = 3; Age 82.5 (3.19)

Table 2. SUS Percentile score by Frailty Status

Frailty Status SUS Percentile Score

N Mean (SD)

Non frail 12 65.4 (17.1)

Pre-frail 26 48.1 (30.3)

Frail 3 35.0 (26.1)

Total 41 52.2 (27.8)

Results of the Spearman’s rank correlation coefficient (rs) between the QTUG frailty
estimate indicate there was a very strong positive correlation between the supervised
QTUG and the unsupervised QTUG tests for each of the two days (rs .942 and .874 day
1 and day 2 respectively p < .001). There was an equally strong positive correlation
between each of the two unsupervised QTUG tests (rs .938, p < .001). Estimates of
agreement would be more appropriate for analysing the same variables however, the
data violated the assumptions of normality necessary for creating and interpreting Bland
Altman plots. Neither log transformation or taking the square root of variables resulted
in normal distribution.

4 Discussion

Frailty is an avoidable and reversible biopsychosocial syndrome associated with ageing,
resulting in adverse outcomes that are both life-changing and life-limiting, and which
ultimately impacts on scarce healthcare resources. Providing older adults with a means



444 O. M. Giggins et al.

that they can independently monitor for and identify the early signs of frailty could allow
for earlier intervention and reduce the risk of developing frailty, thereby reducing the
burden on the individual and society as a whole. The Kinesis QTUG is a wearable sensor
system that provides an objective estimate of frailty in the form of a frailty risk score,
which can be understood and used by the user without further analysis or interpretation
required. This study examined the ability of older adults to independently perform a
TUG test in their own home, and capture objective test data using the Kinesis QTUG
system. Overall, this study found that the majority of participants were successful in
undertaking the TUG tests and obtaining a frailty risk score independently using the
Kinesis QTUG. Those who were successful in obtaining a frailty score unsupervised
were younger (mean age 74.3 ± 7.8 years) than those who failed to undertake the TUG
and use the QTUG successfully (mean age 82.7± 6.6 years). However, the percentage of
those who were successful in the pre-frail and frail cohorts was comparable (45%–50%
and 55%–50% for pre-frail and frail cohort for successful and unsuccessful respectively).
The QTUG frailty estimates captured by participants unsupervised correlated strongly
with the supervised QTUG frailty estimate performed by the researcher. This outcome
is promising, suggesting that many older adults can independently capture information
relevant to their risk of frailty that does not depend on a clinician or researcher for
analysis.

Four participants who enrolled in this study declined to take part in the unsupervised
TUG test, citing lack of interest or lack of confidence in their ability to perform the test
independently. Twenty-nine percent of the participants who attempted to undertake the
test and use the Kinesis QTUG independently were unsuccessful for reasons including
systemor battery failure, poor eyesight and self-reported lack of confidence to attempt the
test without family support. The latter two reasons are related to biophysical restrictions
and reduced confidence, both associated with ageing, and confirms the literature, which
identifies these as limiting factors to the use of technology among older adults [35]. Lack
of confidence in technology is referred to as digital anxiety and appears quite prevalent
in the literature [36–38]. Self-confidence in digital skills is influenced by many factors
including age, education and previous experience with technology, and in turn affects
satisfaction, perceived usefulness and adoption or continued use of technology [39].

Training sessions that allow older adults to learn at an individual pace, with ongoing
support and provision of educational literature have been shown to instill confidence and
facilitate problem solving resulting in acceptance and adoption of technology among
older adults [40]. It is recognised that older adults have the capacity and the interest to
learn to use technology but again, the design of the training is important [41]. Participants
were provided with one-to-one training and a reference manual prior to the unsupervised
tests. The limited duration and once-off nature of the training provided in this study may
have contributed to the participants not being equipped to manage system or battery
failure. The training provided did not include the opportunity for participants to first
engage with the technology and subsequently ask questions or experience success in
tasks, both of which are understood to build confidence and facilitate successful adoption
of technology [39].

Overall, the SUS score for the Kinesis QTUG ranged from 2.5 to 92.5 demonstrating
a wide variation in participants’ perception of its usability. The mean SUS score was
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lower with each increasing level of frailty however, the lowest score was in the pre-frail
group (2.5 in the pre-frail group compared with a lowest score of 5 in the frail group)
indicating that some frail participants perceived the technology more usable than their
pre-frail peers. The mean score of 52 falls below the score of 68 which is considered an
average and acceptable score for the system usability score [42]. However, forty-four
percent of those who completed the system usability score (n = 18/41) scored ≥65
demonstrating that for many participants, the technology was deemed usable. The non-
frail group came closest to the average of 68 (mean 65.4, range 45–92.5). The mean
system usability score reduced in accordance with frailty status and age in keeping with
previous studies [43].

While the results of this study are promising, there are some limitations which must
be considered. The sampling method for recruitment of participants resulted in a lack
of gender balance and a lack of diversity in frailty status. The percentage of men in
the overall sample was just 25%, which is in contrast with other frailty studies where
the gender balance has been more reflective of the population [44, 45]. All participants
in this study were recruited from community groups, and this may have influenced the
imbalance in frailty status among the participants. In addition, this study took place
during the COVID-19 pandemic which may have limited the recruitment of more frail
older adults. However, the 73% prevalence of frailty and pre-frailty combined in the
sample is comparable with other similar studies [4, 46, 47] and reflects the population
prevalence [5].

The short time frame of the study which was influenced by the COVID-19 pandemic,
and the once-off training session did not facilitate self-paced learning or provide the
benefit of time to explore the technology with ongoing technical support. Participants
may have benefitted from a follow-up training session to address questions and provide
support prior to carrying out the unsupervisedQTUG test, whichmay have influenced the
results. The Kinesis QTUG platform is designed to be administered by a clinician, and
to our knowledge this is the first study to evaluate its independent use by older adults.
While this system is unique, the findings of this study may be useful for deploying
other smartphone apps and technologies for the independent assessment of mobility and
function in older adults.

5 Conclusion

Frailty is one of the greatest challenges facing our ageing population. This study has
demonstrated that older adults are capable of undertaking a TUG test and of obtaining
a frailty risk score unsupervised in their own home using the Kinesis QTUG system.
However, the usability of the system varied, with scores ranging from 2.5 to 92.5, indi-
cating potential challenges in the widespread adoption of this technology among older
adult. Nonetheless, these findings are important as they highlight the potential for older
adults to self-monitor their mobility and physical function. Providing older adults with
a means to independently identify declining physical function, may allow for the earlier
detection of frailty and earlier intervention, which may mitigate some of the potential
adverse sequelae.
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Data Availability Statement. The data that support the findings of this study are available on
request from the corresponding author, OMG.
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