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Chapter 5
Quantifying Mobility in Quality of Life

Nancy E. Mayo and Kedar K. V. Mate

What Is Mobility?

According to Merriam-Webster’s Dictionary mobility is the “ability or capacity
to move”.!

In the scientific community mobility has been defined “as the ability to move
oneself (either independently or by using assistive devices or transportation) within
environments that expand from one’s home to the neighborhood and to regions
beyond” [1]. The life-space within a person can move has also been recognized as
ranging from the person’s room, home, outdoors, and neighborhood to the service
community of shops, banks, healthcare facilities etc., surrounding area within per-
son’s own country, and the world. This mobility is recognized to be constrained or
influenced by financial, environmental, and psychosocial conditions as well as
physical and cognitive capabilities. Gender, culture, and the person’s life-experience
also affect mobility. In order to conceptualize mobility more coherently, Webber
et al. [1] proposed a framework that links factors relevant to walking, wheeling,
driving, and taking alternate forms of transportation within different life-spaces.

In the context of global and public health, mobility has been defined within the
World Health Organization’s International Classification of Function, Disability
and Health (ICF) [2] according to the components of: changing and maintaining
body position (d410-d429); carrying, moving and handling objects (d430-d449);
walking and moving (d450-d469);moving around using transportation (d470-d489).
Table 5.1 lists these components that are based on the person doing the movement.
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Table 5.1 Components of

¢ 1 Mobility component [ICF code]
Mobility according to the ICF

Changing and maintaining body position

[d410] changing basic body position

[d415 maintaining a body position

[d420] transferring oneself

Carrying, moving and handling objects

[d430] lifting and carrying objects

[d435 moving objects with lower extremities
[d440] Fine hand use

[d445 hand and arm use

Walking and moving

[d450] walking

[d455] moving around

]
[d460] moving around in different locations
[d465] moving around using equipment

What is immediately obvious from the definition using the ICF is, that mobility is a
necessary (but not sufficient) capacity required for many other activities such as
basic activities of daily living, more complex activities required for maintain self
and living space, work, and recreation and leisure including sports. These down-
stream activities that depend on some degree of mobility are themselves important
contributor to QOL [3].

The ICF definition of mobility also includes two other very important qualifying
constructs: capacity, what the person can do usually in a test situation; and perfor-
mance, what the person actually does [4]. Capacity and performance constructs
have important implications for measuring mobility. In the ICF, capacity refers to
the person’s ability to execute a task in a standard environment. This tends to refer
to clinical testing. Whereas Webber et al. [1] also include capacity as a factor in their
mobility model but refers to having the biological capability such as having suffi-
cient joint mobility or strength to make mobility possible, areas that fall under the
body structure and function component of the ICF.

In the ICF context, performance is poorly described. In another view, Loechte
et al. [5] considered mobility in relationship to movement away from the home and
other parameters related to what the person is doing. Action range is quantified as to
how far a person moves outside their house. Distance is a parameter that can be
measured independently from the home reference point such as distance covered
per unit time such as per minutes (Six Minute Walk Test (6MWT) [6], per hour, per
day. Other mobility parameters are duration (how long someone is mobile), pace
(how many steps per minute, e.g. 100 steps per minute), and frequency of mobility
events (how many 10 minute bouts of walking). There are important mobility
parameters that are related to physical activity guidelines [7]. Mobility can also be
characterized qualitatively, without measurement units such as time-of-day, alone
or accompanied, and places. For example, places people move to more than 5 min-
utes can be captured and qualified by location (parks, malls, cafes, museums),
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activity (socializing, exercising), environment (noisy), or either usual or novel loca-
tion. As an example, consider two different people.

Mark leaves the house at the same time every day, rides his bicycle 4 km to work
taking the same route, and comes home. On the weekend he goes to the gym and
does family-related errands and activities.

Eleanor, works from home and regularly exercises by walking, biking, or swim-
ming at her community pool; she sometimes calls up a friend to go with her. These
activities are done at different times during the day depending on her work sched-
ule. Sometimes she works in cafes and makes a point of going to different ones. On
the weekend, she likes to explore different parts of the city or take small trips out of
the city. These are done alone or sometimes with a friend.

In each case, Mark and Eleanor would be classified with the same mobility
capacity and performance indicators on the ICF, and they would have the same
“action distance” values, but their mobility is realized through very different pat-
terns. The richness of this mobility variety is not easy to capture without technology.
Mark may accurately self-report because of the routine nature of his mobility but
Eleanor would not be able to provide an average mobility rating for the past week
or past month owing to her mobility variation.

While capacity ICF indicators are necessary in the context of a person with a
health conditions, they are not sufficient for tracking mobility in healthy popula-
tions where performance in the real world is the relevant QOL indicator.

What Is QOL?

The Dictionary of Quality of Life and Health Outcomes Measurement [8] has this
to say about QoL:

QOL is a term often used erroneously to refer to health-related quality of life or health
status, but is broader than just health and includes components of material comforts, health
and personal safety, relationships, learning, creative expression, opportunity to help and
encourage others, participation in public affairs, socializing, and leisure [9]. The World
Health Organization (WHO) has defined quality of life as “individuals’ perception of their
position in life in the context of the culture in which they live and in relation to their goals,
expectations, standards and concerns”. In the context of health research, quality of life goes
beyond a description of health status, but rather is a reflection of the way that people per-
ceive and react to their health status and to other, nonmedical aspects of their lives.
According to Aristotle, quality of life would be the best kind of life, the happiest life [10].

Clearly measuring this happiest of lives is a challenge. QoL is not the same as health
as health is only one of many QoL components [9]. Three approaches have been
taken to measure QoL. QoL profiles are derived from measures that are made up of
multi-item domains that produce domain scores and a total score. The WHOQOL-100
[11] (100 items; six domains: physical health, psychological, level of independence,
social relationships, environment, spirituality, plus two single indicators of general
health and global QoL) and WHOQOL-Bref [12] (26 items; four domains: physical
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health, psychological, social relationships, environment and the same two single
indicators), are examples of profile QoL measures where the domains are physical
health (including mobility), psychological health, social relationships and the envi-
ronment. The CASP-19 is a quality-of-life measure comprising four domains, con-
trol, autonomy, pleasure and self-realization [13]. QoL has also been measured
using health indices such as the EQ-5D from the EUROQOL Group [14] or the
Health Utilities Index [15] but these measures do not cover many, if any, domains
beyond health [16]. The advantage of indices is that they comprise multiple dimen-
sions (usually with one item per each dimension) and a single score is derived by
weights related to how much a typical citizen is willing to trade off years of life for
these dimensions health. The third way in which QoL is measured is by a single
item rated on an ordinal scale (e.g. Excellent, Very good, Good, Fair, Poor) or a
visual analogue scale (from worst, 0, to best, 10).Only the person can assess their
QoL using these methods and, other than the single-item method, only periodic
assessments are possible [17].

Instead of relying on people to periodically sample and report on their QoL, Wac
[18] proposes a new way of measuring QOL, using technologies. Quality of Life
Technologies (QoLT) refers any technologies that can be used for assessment or
improvement of the individual’s QoL. QoLT will be the way of the future owing to
the increasing availability of miniaturized computing, storage, and communication
capacity that are now embedded within various personal devices and made available
through smartphones and wearables.

How much can we infer about QoL by quantifying domains related to QoL? This
chapter addresses this novel way of thinking about QoL. Here we address one of
these quantifiable domains, namely individual’s (body) mobility, a construct that
lends itself well to being quantified by harnessing the power of these existing and
emerging technologies.

Is Mobility Important for QoL?

Now that mobility has been described in terms of capacity and performance, and
QoL has been defined as “the happiest kind of life”, we discuss if mobility is impor-
tant to QoL and, if so, what aspects of mobility are important. The answer to this
question needs to consider who is being asked and how it is asked. For mostly
healthy members of the general population, mobility, particularly walking, is the
most important of five key HRQL items. A well known and widely used measure of
HRQL is the EQ-5D from the EUROQOL [14] group. The weight, in terms of
degree of detraction from perfect health, that members of the general population
(from the United States) put on having no mobility as represented by being unable
to walk about, is —0.558 (on a scale from O to 1; where ‘0’ is the worst possible
health state and ‘1’ is perfect health). In contrast, the detracting effect of extreme
problems in self-care (—0.471), usual activities (—0.374), pain (—0.537) and mood
(—0.450). This translates to be willing to trade off nearly 6 years of life in order to
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live with no problems with walking about. Research on the effect of mobility limita-
tions on risk of death shows that people, again from the general population of the
United States, who walk very slowly have a risk of death 1.89 times higher (95% CI:
1.46-2.46), in comparison to the fastest walkers Liu [19].

In the EQ-5D classification system, the walking component of mobility is one of
five HRQL areas clearly underlining its importance. One way of knowing if mobil-
ity is important to QoL is to identify how often and how comprehensively mobility
is included in recognized QoL or health-related QoL measures. Mayo et al. [16]
found that in generic QoL or HRQL measures, mobility was represented in 1/8
items in the HUI [20]; 10/36 items in the SF-36 (1/12 in SF-12) [21, 22]; 2/35 items
or 1/8 dimensions of the AQOL [23], 1/26 items in the WHOQOL-BREEF [12], and
9/71 items of the QWB [24].

Mobility is clearly important for people with health conditions. Almost every
health condition can have an effect on mobility, permanent or transient. There are
ICF core sets for some 30 health conditions and all except mental health conditions
included one or more aspects of mobility.>* Mobility is more important to QoL once
it is limited. People tend to take mobility for granted until the limitations set in, but
when asked how they would imaging their life without mobility, they imagine it
poorer than with other health challenges. This is one of the reasons why, when valu-
ing health for the purposes of allocation of scarce resources or evaluation of cost-
effectiveness of medical interventions, those with the health condition under
consideration are not asked to provide a valuation from their point of view as this
valuation is considered to be too influenced by their current health state [25-27].

The importance of mobility to QoL has been investigated extensively using many
different methods, quantitative and qualitative, and in many different health
conditions.

What Do People Say?

One of the best ways of answering the question about how mobility relates to QoL
is to ask people directly. This is made possible through a synthesis of the qualitative
literature or when people are asked open-ended questions.

A synthesis of 11 qualitative studies on QoL after hip fracture [28] identified
mobility as a key contributor. Limited mobility affected this population’s opportuni-
ties to make free choices about their activities and social interactions, impacted on
independence, and was a threat to preservation of self-image. Thirteen qualitative
studies from people with leg ulcers also confirmed the importance of mobility to
QoL [29].

2https://www.merriam-webster.com/dictionary/mobility
3https://www.icf-research-branch.org/icf-core-sets
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In a systematic review of 20 papers using an individualized approach to identify-
ing areas important for QoL in people with cancer, Aburub et al. [30] found that in
11 or the 20 papers, mobility/physical activity was listed a one of the top 10 areas.
In a review of the 10 most important areas of QoL across four health conditions,
Mayo et al. [31] reported that for people with stroke, mobility was the number one
area of importance; for people with Multiple Sclerosis mobility was number 6, and
for people with cancer and HIV mobility was also selected as important to QoL.

What Do the Data Say about the QoL of the Body

The quantitative investigation of the importance of mobility to QoL is challenging
because, as conceptualized using the ICF model [2], mobility limitations are caused
by impairments of body structure and function and also act to limit other important
activities and restrict participation in key personal, family, and societal roles that
have a more direct influence on QoL. Figure 5.1 show these theoretical influences
by combining the ICF model with the Wilson-Cleary model [32]. The ICF focuses
on the observable manifestations of disability, while the Wilson-Cleary model goes
beyond these to consider the effects on health perception and QOL, considered by
the ICF model to reflect satisfaction with the observable manifestations and akin to
well-being.

Having established that mobility is definitely important for QOL, other questions
arise. Is mobility more, less, or as important as other health, social, and environmen-
tal domains? What are the best methods of partitioning out the role of mobility in
quality of life? If we were to use mobility to quantify QOL, how much will we
under or overestimate QOL and in whom and under what circumstances?

| Personal factors | | Environmental factors

Biological/ Symptom | Functional General
physiological );tafus P . Health Overall
variables ! Perceptions Quality of Life

- - -

Well-being

______________________________________________________

Fig. 5.1 Integration of the Wilson-Cleary Model and the ICF showing the place of mobility
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In order to sort out the relative importance of mobility and other factors to QOL
it is necessary to have a strong theoretical model linking both the capacity and per-
formance aspects of mobility to QOL. One such model is the Wilson-Cleary model
[32] that has been shown in Fig. 5.1. The Wilson-Cleary model shows the links
between biological and physiological measures taken on the body, symptoms
reported by the person (pain, fatigue, mood), function (what the person can do phys-
ically and mentally), health perception (how the person actually feels) and QOL and
also shows that these links are affected by factors related to the person (age and sex
but also beyond these to include lifestyle and preferences), and their environment.
This complexity requires that mobility be considered in a multi-factorial frame-
work and Structural Equation Modeling (SEM) [33] is an ideal statistical method
for carrying out a fair assessment of the impact of mobility. However, it is important
when using SEM that the outcome is a QOL measure and not a composite measure
that includes the constructs under investigation. For example, the WHOQOL-Bref
includes a domain for physical health and this includes items about mobility. A
selection of 18 relevant papers from a structured review are summarized in Table 5.2.

Table 5.2 Studies Using Structural Equation Modeling to Estimate the Importance of Mobility to
QOL and Related Constructs

Study # / First N Model Mobility
Author Country Population | Number | Variables Rank

1. Li [34] China Older persons | 4245 3 1
Outcome: Life | Other model variables: Duration of disability, | Mobility variable:
satisfaction social engagement Difficulty with running,

walking, climbing stairs,
bending, reaching, and
lifting objects

2. Shahrbanian | Canada Multiple 188 4 1
[35] sclerosis
Outcome: Other model variables: Fatigue, pain, mood Mobility variable:
Participation Physical function
3. Alonso [36] |22 countries: 5 low and | General 51,344 |9 1
lower-middle income; | population
5 upper-middleincome;
11 high income.

Outcome: Other model variables: Chronic conditions (9 | Mobility variable: WHO
Overall mental, 10 physical), domains of WHO-DAS disability assessment
physical and (cognition, self-care, getting along, family schedule 2.0 (WHODAS)
mental health | burden, stigma, life activities, participation) mobility domain: Standing
(0-100 VAS) along with age, sex, employment, country 30 minutes, rising from

chair, moving around
home, leaving home,
walking long distance.

(continued)
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Table 5.2 (continued)
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Study # / First N Model Mobility
Author Country Population | Number | Variables Rank
4. Lampinen Finland Older adults | 663 5 1
[37]
Outcome: Other model variables: Physical activity, leisure | Mobility variable:
Mental activity, age, chronic illness, Difficulty with climbing
Well-being stairs and walking 2 km
(revised Beck without stopping.
depression
inventory)
5. Bentley [38] | USA Older persons | 677 2 PCS 2,
MCS 1
Outcome: Other model variables: Functional status Mobility variable:
PCS, MCS Life-space mobility
6. Huang [39] | Taiwan Osteoporosis | 161 10 PCS 1,
MCS 3
Outcome: Other model variables: Disease characteristics | Mobility variable: ADL,
PCS, MCS (duration, pain level, chronic diseases, fracture exercise habits
experiences, and ADL), social support
dimensions, and PQoL and MQoL of
osteoporosis patients with (age, marital status,
school years, income, and exercise habits).
7. Lee [40] Korea Parkinson’s | 217 6 Tests: 6;
motor
signs: 1
Outcome: Other model variables: Age, disease-related Mobility variable: Grip
PDQL factors (motor signs, disease duration), quality of | strength, balance,

sleep, pain, and depression

functional reach motor
signs: Speech, facial
expression, tremor,
rigidity, finger tapping,
rapid alternating

movements
8. Tannenbaum | Canada Older persons | 2311 5 2
[41]
Outcome: Life style latent (perception health living, Mobility variable: SF-12
Latent SRH exercise, nutrition), health conditions/ (PCS)
(SF-12, polypharmacy, social health, mental health
EQ-VAS) (SF-12 MCS)

9. Kalpinski
[42]

USA Traumatic 312

brain injury

Outcome: Life
satisfaction,
SRH

Other model variables: Injury severity, FIM
cognition, FIM Independence, occupational
activity, social engagement

Mobility variable: Ability
to and frequency of freely
moving around residence
and community including
using transportation

10. Shim [43]

Rheumatic 360

disease

Korea

5 2




5 Quantifying Mobility in Quality of Life 127
Table 5.2 (continued)

Study # / First N Model Mobility

Author Country Population | Number | Variables Rank

Outcome: Other model variables: Pain, pain Mobility variable: Health

WHOQOL- catastrophising, depression, fear avoidance assessment questionnaire

BREF beliefs (HAQ): Degree of
difficulty with dressing,
rising, eating, walking,
maintaining hygiene,
reaching, gripping, and
other common activities)

11. Barclay Canada Stroke 227 4 2

[44]

Outcome: Other model variables: Indoor and outdoor Mobility variable: Gait

SRH (EQ-VAS) | mobility, depression speed

12. Bouchard | Canada Multiple 189 9 2,4,5,6,9

[45] sclerosis

Outcome: Other model variables: Fatigue, depression, Mobility variable:

Illness pain, health perception Balance [2], 6MWT,

intrusiveness Physical function, Power

13. Perruccio Canada Join 449 3 3

[46] replacement

Outcome: Other model variables: Two latents: Mental Mobility variable:

SRH health (anxiety, depression); social health Physical health latent:

(participation, transportation) Pain on activity, ADL,

physically demanding
activities, fatigue

14. Aree-Ue Thailand Osteoarthritis | 200 4 3

[47]

Outcome: OA | Other model variables: Pain, fatigue, Mobility variable:

knee and hip

depression

Timed-up-and-Go test

quality of life
(OAKHQOL)
15. Mayo [48] | Canada Stroke 533 4 4
Outcome: Other model variables: Latent variables for: Mobility variable:
SRH Biological variables, symptoms, function, health | Physical function
perception, personal and environmental factors
following Wilson-Cleary model
16. Soh [49] Australia Parkinson’s | 210 12 ‘ 4,7
Outcome: Other model variables: Age, co-morbidities, Mobility variable: Motor
PDQ-39 disease duration, disease severity, fall history, impairments, (UPDRS),

sex, social support, motor and non-motor
impairment (UPDRS), self-care limitations
(UPDRS-II)

timed-up-and-Go test;

17. Bielderman | Netherlands Older persons | 193 5 5
[50]

Outcome: Other model variables: Social functioning Mobility variable: Leg
CASP-19 (partner, loneliness, social network, social strength, aerobic

support), depressive symptoms, self-efficacy,
socioeconomic status

endurance, dynamic
balance

(continued)
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Table 5.2 (continued)

Study # / First N Model Mobility
Author Country Population | Number | Variables Rank
18. Mayo [51] |Canada Older HIV 707 18 7
men

Outcome: Other model variables: Latent variables for: Mobility variable:
Single QOL Biological variables, symptoms, function, health | Physical function
item perception, personal and environmental factors

following Wilson-Cleary model

ADL Activities of Daily Living; MCS Mental Component Summary (SF-36 / RAND-36); OA
Osteoarthritis; PCS Physical Component Summary (SF-36 / RAND-36); PDQ(L) Parkinson’s
Disease Quality of Life; Physical Function: Subscale of 10 self-report items from SF-36/RAND-36
(limitation in vigorous and moderate activities, stairs, walking short and long distances, bending,
lifting, and self-care); SRH Self-rated Health; UPDRS United Parkinson’s Disability Rating Scale;
WHO World Health Organization

A feature of these papers is that the impact of mobility is evaluated in the context
of other variables including personal factors, environmental factors, symptoms, and
other activities. However, a limitation of these studies is there is no universally
accepted measure of QoL and the outcomes modeled covered domains that are part
of, but not, QoL such as physical health (often the PCS from the SF-36), general
health, mental health, participation, illness intrusiveness, or generic or condition
specific profile measures of HRQL. Two constructs closer to QoL were life-
satisfaction and well being. Only two of the 18 studies measured of QoL, one with
a QoL measure, CASP-19 (Study #16, and one with a single item (Study # 17 from
Table 5.2). The studies are ordered according to the rank of mobility in explain QoL
outcomes.

In these studies, mobility was measured in two ways, through self-reported limi-
tations or difficulties with mobility related activities and through tests of physical
capacity. For the latter, these measures included impairments affecting mobility
such as strength, balance, and aerobic capacity and performance tests of mobility
such as gait speed, Timed-up-and-Go, and 6MWT.

The first seven studies had at least one component of the mobility variable as the
most important. Of these seven studies, four were from general population samples
or older persons (Study # 1,3,4,5) and three were from clinical populations (Study
# 2,6,7). Five studies had mobility as the second most important variable (Study #
8—12) and these were all of clinical populations.

The two studies (Study # 17,18) where mobility variables were not related to
QoL were the same two studies that used actual QoL measures rather than measures
of related constructs. These measures relate to QoL of the person. Study #17 used
the CASP-19 which measures the extent to which the older person feels control,
autonomy, pleasure and self-realization. Study #18 used a single QoL item in men
living with HIV, a condition that does not affect mobility primarily. The outcomes
in many of the other studies included aspects of the body’s QoL for which mobility
would have a stronger influence.



5 Quantifying Mobility in Quality of Life 129

This new distinction between QoL of the person and QoL of the body is impor-
tant because health care targets the body. Monitoring the body’s QoL could be a
valuable way for people to know about their body and to reduce the impact of illness
and life’s stresses on the body. Monitoring the body’s QoL could also be an effective
health care surveillance strategy particularly if it can be done unobtrusively and in
real-time.

QoL of the person is best reflected through global QoL measures including those
of life satisfaction, whereas QoL of the body is reflected in outcomes related to in
health, participation, and illness’ intrusiveness, by, for example impairing mobility.
The importance of this distinction could be profound, as the person, with assistance
for a growing portfolio of technologies, is better placed to monitor the QoL of their
body in real time and react or adjust accordingly. Also, it is recognized that QoL of
the person has a profound effect on the body through stress reaction or, in general,
behaviors aimed at managing negative emotions [52], that the person could be made
aware of through monitoring QoL of the body.

Using Mobility to Quantify QoL

If we were to use mobility to quantify QoL, how much will we under or overesti-
mate QoL and in whom and under what circumstances? While the WHO provides a
definition of QoL, in 1978, Flanagan [9] identified 15 components of QoL which are
listed in Fig. 5.2.

Based on the literature [36, 53, 54] and the clinical and research experience of
the authors, an estimated 1/3 of QoL of the person would be explained by mobility,
with helping others and active recreation most affected and learning, understanding
self, and creativity the least affected (see Fig. 5.3).

Health Material

Personal safety Learning
comforts

Creative Relationship x Participation in

public affairs

expression 4 Helping others

Understanding

Socializing Leisure self

Fig. 5.2 Flanagan’s (1978) Components of QOL
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B Mobility mQOL

- | | | | |

Active recreation
Helfing ohers
Health and safety |

Socializing
Relationship with spouse
Passive leisure activities -

Work _I
Children / grand children |
L

Involved in public affairs |
Close friends |
Relationships |

Material comforts

Expresing self creatively |

Understanding yourself

Learning

0 20 40 60 80 100

Fig. 5.3 Amount of QOL explained by mobility

What Mobility Parameters Can Be Monitored
Via Technologies?

Table 5.2 provides a list of mobility parameters that people have linked to QoL. Starting
at the most global is life-space mobility [55], which relates to how far from home a
person moves and has been shown to be associated with social support, capacity to
drive, and gait speed [56]. One can tell a lot about a person through this one measure,
which can be monitored through Global Positioning System (GPS) technology (or
some combination of Cell-IDs [57]) that comes with most smart phones or smart wear-
ables. Second on the list, and also very telling about the body’s QoL is the amount of
vigorous activities carried out which can be monitored using heart rate and physical
accelerations. Increased heart rate without movement would indicate stress (physical or
emotional), fear, or cardiac pathology. Amount of time spent in activity would be
another very important indicator of the body’s QoL and this is easily monitored using
simple wearable devices that monitor accelerations. A common metric is sedentary time
[58], which is known to be detrimental to health. Wearable accelerometers also provide
information on speed of movement such as step cadence and duration of activity bouts.
Canadian Physical Activity Guideline [7] for adults advocate a minimum of 150 min-
utes of moderate activity accumulated over a week in bouts of 10 minutes; walking at a
cadence of 100 steps a minute would meet this recommendation [59].

Higher levels of physical activity such as is achieved through climbing stairs can
also be tracked on many smart phone/watch applications. For example a 4 hour
game of golf on a hilly golf course that the senior author (NM) regularly walks
accumulates 20,000 steps and the equivalent of 38 flights of stairs.

Gait speed while considered the sixth vital sign [60] is actually less important
than cadence and more difficult to track as it requires a measure of distance not just
stepping frequency. Gait speed is easier to measure clinically where a fixed course
can be walked and timed, raising its importance as a clinical indicator because of
ease of measurement. The importance of gait speed for safety cannot be disputed as
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people who cannot walk a speeds of greater than 0.5 m/sec (i.e., in terms of their
capacity) are at risk of falls and benchmarks of >0.7 m/sec and > 1.0 m/sec indicate
safety risk when crossing 2- and 4-lane streets [61]. However, the frequency at
which people walk at different cadence bands a more relevant indicator of how the
body is doing in everyday life. Tudor-Locke [59] showed that despite having capac-
ity to walk at a health promoting pace when tested clinically, it is rare for the North
American senior to do this in the real world for more than a few minutes a day. Mate
et al. [62] showed the same was true for people with Multiple Sclerosis in that they
do not reproduce what they are capable of doing on a clinical test in their real world
environment, except of course if they lack capacity.

Another clinical test that shows importance for QoL is the Timed-Up-and-Go
(TUG) test [63]. This test is indicative of mobility as it requires standing up from a
chair, walking 3 meters, turning around, and return to sit back down on the chair.
Again, this test is easily done in the clinic, as it requires only a standard chair and 3
meters of walking space. In the real world, the number of transitions from sitting to
standing can be captured, as it is another metric available on standard accelerometers.

These mobility measures relate to activity but it is also possible to track motor
impairments that lead to mobility limitations such as slowness of movements that can
result from stiff joints, resting and intention tremors, poor posture, balance, and poor
gait quality. Monitoring these impairments would require different technologies dis-
tributed to different parts of the body, but all are possible. There are apps for tremor and
balance that require the person hold a smart phone. Posture, balance and gait quality
can be measured using inertial devices attached to the back [64] or to the shoe [65-68].
A selection of wearable devices for mobility and health are shown below (Table 5.3).

Table 5.3 Examples of wearable technologies that can monitor the QoL of the body

\

Garmin activity tracker UPRIGHT Posture trainer

‘Wearable oximeter (AARC) Gait analyser

[4

Pz

Heel2Toe™ PhysioBiometrics Inc. Sweat monitor
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How do these measurements relate to QoL of the body? Research show that
slowness of movement, poor and irregular gait, poor posture, lack of activity can
indicate states of pain, fatigue, low mood, apathy, or anxiety [69—73].

Mapping the Future

We are at the cusp of changing the way we think about monitoring and remediating
[74] and technology is poised to empower people to take charge of their own QoL,
including, or starting from, their body’s QoL. Given the emergence of today’s and
tomorrow’s personalized and miniaturized technologies, the future of monitoring
the QoL of the body is inevitable [18]. We envision that the individuals will wear an
accurate, well designed smartwatch that monitors activity, heart rate, oxygen satura-
tion, and tremor, amongst other variables. For people with specific health chal-
lenges, their posture, stability, and gait quality would be also monitored by small
unobtrusive sticky devices placed on their spine, shoulder, ankle or shoe. They also
would receive updates on how they are doing, as their devices are continually con-
nected to their smartphone. They will be able to see how their body reacts to internal
and external stimulae and learn how to respond to signs of threat [18]. They will
also be able to program these devices to provide engaging and effective feedback for
optimal performance, literally stamping in good mobility habits, and influencing
positively their QoL in the long term.
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