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In this special issue of BioMed Research International, the
focus is on lifestyle and in particular physical activity (PA)
as a driver for a healthy and long life for older people.

As populations continue to extend life expectancy, a
central concern is whether the added time comprises years
of healthy life and promotes a high health-related quality
of life into old age. PA is defined as any bodily movement
produced by skeletal muscles that result in energy expendi-
ture. PA encompasses exercise, sports, and physical activities
performed as part of daily living, occupation, leisure, or
active transportation. Exercise is a subcategory of PA that is
planned, structured, and repetitive and that has as a final or
intermediate objective for improvement or maintenance of
physical fitness. Physical function is the capacity of an individ-
ual to perform the physical activities of daily living. Physical
function reflects motor function and control, physical fitness,
and habitual PA [1].

PA is a protective factor for noncommunicable diseases
such as cardiovascular disease, stroke, diabetes, and some
types of cancer [2] and PA is associatedwith improvedmental
health [3], delay in the onset of dementia [4], and improved
quality of life and wellbeing [5, 6]. The health benefits of PA
are well documented with higher levels and greater frequency
of PA being associated with reduced risk and improved health
in a number of key areas [7].

The dose of PA or exercise is described by the duration,
frequency, intensity, and mode [8]. For optimal effects, the
older person must adhere to the prescribed exercise program
and follow the overload principle of training, i.e., to exercise

near the limit of the maximum capacity to challenge the body
systems sufficiently, to induce improvements in physiological
parameters such as VO2max and muscular strength [1].

Improvements in mental health, emotional, psycholog-
ical, and social well-being and cognitive function are also
associated with regular PA. Despite these health benefits, PA
levels amongst older adults remain below the recommended
150 min/week [9]. The crude global prevalence of physical
inactivity is 21.4% [10]. This translates to one in every four
to five adults being physically inactive, or with activity levels
lower than the current recommendations from WHO [11].
Inactivity and aging increase the risk of chronic disease, and
older people often have multiple chronic conditions (NFH,
2010). The exercise recommendations from WHO include
both aerobic exercise and strength exercise as well as balance
exercises to reduce the risk of falls. If older adults cannot
follow the guidelines because of chronic conditions, they
should be as active as their ability and conditions allow [12].
It is important to note that the recommended amount of PA
is in addition to routine activities of daily living like self-care,
cooking, and shopping, to mention a few.

Inactivity is associated with alterations in body compo-
sition resulting in an increase in percentage of body fat and
a concomitant decline in lean body mass. Thus, significant
loss in maximal force production takes place with inactivity.
Skeletal muscle atrophy is often considered a hallmark of
aging and physical inactivity. Sarcopenia is defined as low
musclemass in combination with lowmuscle strength and/or
low physical performance [13]. Consequently, low physical
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performance and dependence in activities of daily living
is more common among older people [14, 15]. However,
strength training has been shown to increase lean body mass
[16], improve physical performance [17, 18], and to a lesser
extent have a positive effect on self-reported activities of
daily living [18]. These aspects are at focus in the papers
of K. Kropielnicka et al. “Influence of the Physical Training
on Muscle Function and Walking Distance in Symptomatic
Peripheral Arterial Disease in Elderly” as well as G. Piastra
et al. “Effects of Two Types of 9-Month Adapted Physical
Activity Program on Muscle Mass, Muscle Strength, and
Balance in Moderate Sarcopenic Older Women.”

Participation in PA and exercise can contribute to main-
taining quality of life, health, and physical function and
reducing falls [19–21] among older people in general and
older people with morbidities in particular. The increased
attention to the relationship between exercise and HRQOL
in older adults over the last decade is reflected in a recent
review, which showed that a moderate PA level combining
multitasking exercise components had a positive effect on
activities in daily living, highlighting the importance of
physical, mental, and social demands [22]. To reduce falls,
balance training is also recommended to be included in
physical exercise programs for older adults [12]. Exercise has
also been shown to reduce falls with 21%, with a greater effect
of exercise programs including challenging balance activities
for more than 3 hours/week [23].

The gender perspective andmotivators for fall prevention
are at focus in M. Sandlund et al. qualitative study “Gen-
der Perspective on Older People’s Exercise Preferences and
Motivators in the Context of Falls Prevention: A Qualitative
Study,” in this special issue.

Exercise training in older people has been associated with
health benefits such as decreased cardiovascular mortality
[24]. Explanatory mechanism likely to be involved following
exercise was a change in the cardiac autonomic balance
producing an increase, or a relative dominance, of the vagal
component [25]. Furthermore, endurance exercise training in
older people decreases resting and submaximal exercise heart
rate and systolic and diastolic blood pressure and increases
stroke volume [26]. This is especially notable during peak
effort in which stroke volume, cardiac output, contractility,
and oxygen uptake are increased, while total peripheral
resistance and systolic and diastolic blood pressure decreased.
Thus lowering after-load in the heart muscle, which in turn
facilitates left ventricular systolic and diastolic function,
emphasizes the importance of high intensity training also
for the elderly. E. Tamuleviciute-Prasciene et al. focus on the
frail elderly individuals and exercise in their contribution
“Frailty and Exercise Training: How to Provide Best Care
after Cardiac Surgery or Intervention for Elder Patients with
Valvular Heart Disease.”

Exercise may also have benefits for the brain centers that
support executive control. It may be that strong executive
functioning in itself may facilitate consistency for this chal-
lenging activity. Poor executive control has been associated
with lower self-reported PA rates over a 2-year period [27, 28].
The executive control's contribution to PA has been found to
be 50% greater in magnitude than the contribution of PA to

subsequent changes in executive control [29]. In the paper of
M.A.McCaskey et al. “MakingMore of IT: Enabling Intensive
MOtorCognitiveRehabilitation Exercises inGeriatricsUsing
INFORMATION Technology Solutions,” the authors also
include new technology to enhance and maintain exercise in
cognitive rehabilitation.

In order to attain a high level of cardiorespiratory fitness,
it is recommended to be physically active for 6 months
or longer. These recommendations may also be applied to
balance exercises in order to reduce falls [23]. Many elderly
individuals are incapable of sustaining activities for this
long on their own. Successful maintenance of PA typically
requires substantial support and supervision. Even then, a
high percentage of people drop out due to difficulties negoti-
ating everyday costs of activity participation like scheduling
conflicts and competing sedentary activities or health issues.
This issue is highlighted in the study of T. Adachi et al.
“Predicting the Future Need ofWalkingDevice or Assistance by
Moderate to Vigorous Physical Activity: A 2-Year Prospective
Study of Women Aged 75 Years and Above.”

In addition, reduced bodily functions canmake it difficult
for elderly persons to maintain exercise under different
environmental circumstances, which is demonstrated in the
contribution of B. N. Balmain et al. “Aging and Thermoreg-
ulatory Control: The Clinical Implications of Exercising under
Heat Stress in Older Individuals.”

In this special issue, we have included papers that focus
on the aging process and PA in a broad perspective, focusing
on different aspects on PA, exercise, and older people. PA and
exercise play an important role in the primary, secondary,
and tertiary prevention, in the management of diseases, to
counteract sarcopenia and falls as well as improving physical
performance and activities of daily living, as these papers
illustrate.

Promoting exercise among the older population is an
important public health and clinical issue. A core issue is how
to get older people with comorbidities to exercise.
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Although the health benefits of physical activity and exercise for older people are well established, a largely sedentary lifestyle still
prevails in ageing western societies. Finding new ways to make exercise more accessible and acceptable for older adults must be
developed to fully unleash its potential in preventing and weakening age-related physical and cognitive decline. Existing barriers to
implement effective exercise-based treatment plans include motivational reservations on both the clinician’s and patient’s side, but
also physical limitations caused by disease or deconditioning. Particularly in themore senior population, debilitating conditions do
not allow adherence to currently recommended exercise regimes. A major rethinking of age- and user-adapted exercise is overdue.
The high intensities required for physical and mental adaptations must be modifiable and personalized according to the functional
status of each patient. Emerging information and communication technologies (ICT) have brought forward a plethora of attractive
solutions for smart and adapted exercise, but there remains a vast gap between technological advancement and clinical relevance.
Where in the beginning ICT for active ageingmainly focussed on aspects of usability and user experience, the current status of IT as
applied in ageing populations noticeably shifted toward new services, applications, and devices that can be offered with the aim to
prevent, compensate, care, and/or enhance daily life functioning of senior citizens. In this perspective paper, we aim to summarize
the current state of the art in ICT-based interventions aimed at improvedmotor-cognitive control andmake suggestions about how
these could be combined with high-intensive interval exercise regimes to make rehabilitation for the impaired older adults more
effective, and more fun.

1. Introduction

Driven by the observable patterns of ageing in western
societies, attention towards healthy ageing as a means to
preventing decline in functioning has been spreading rapidly
over the last decade [1]. Today, the primary goal of public
health is to increase the number of years of good health,
and, thereby, to maintain independence and quality of
life as long as possible. Healthy ageing is characterised by
the avoidance of disease and disability, the maintenance
of high physical and cognitive function, and sustained

engagement in social and productive activities. These three
components together define successful ageing [2]. In Europe
it was the European Commission that identified active
and healthy ageing as a societal challenge common to all
European countries. Active ageing and independent living
(http://ec.europa.eu/research/innovation-union/index en.cfm?
section=active-healthy-ageing) is one of the pillars around
which actions are focused [3].The specific action proposed to
address issues related to this pillar is to develop Information
and Communication Technology (ICT) solutions to help
older people stay more active, and independently mobile
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for longer [4–6] and, by achieving that, contribute to
Compression ofMorbidity [7].The importance of prevention
of age- and behaviour-associated physical function decline
and disabilities should therefore be in the focus of society’s
attention [8, 9]. Older adults are less likely to remain living
independently in the community when they lose their
ability to move and interact within their environments
without needing assistance. Exhibiting higher rates of
morbidity, mortality, health care utilization, and cost next to
experiencing a poorer quality of life are other consequences
[10, 11].

Furthermore, frail older adults and geriatric patients are
particularly susceptible to loss of health-related (e.g., muscle
size and, to an even greater extent, muscle power) [12] and
skill-related fitness components (e.g., balance and reaction
time) [13]. Notwithstanding the fact that physical exercise
is considered one of the most effective nonpharmacological
interventions to improve mobility and independence in frail
older adults, no clear guidance regarding the most effective
program variables exists [14]. Moreover, it is well established
that geriatric patients are particularly sensitive to prolonged
bed-rest; there are no clear exercise-based recommendations
for multimorbid patients recovering from an acute illness.
Even when patients are admitted to rehabilitation, the activity
levels and exercise intensities administered are lower than
would be required for actual improvement [15]. The quality
of life and ability to function in daily activities of living rely
on minimal levels of neuromuscular function and rapid loss
of muscle power in hospitalised geriatric patients is often the
beginning of years lived in frailty [16]. Sudden immobility due
to nonavoidable hospitalisation has been shown to lead to a
significant reduction of functional capacity and is associated
with a substantial and sustained decline in functional status
[17, 18]. Less than a fifth of hospitalised older patients with
remaining impairments regain normal personal ability to
perform the activities of daily living one year after discharge.
About a third of discharged patients further deteriorate
within a year and show debilitating signs of reduced cognitive
and physical performance [16]. This has wide socioeconomic
relevance, as the demographic changes come along with
souring numbers of emergency admissions of patients older
than 75 [19]. Almost half of geriatric patients admitted to
emergency treatments, e.g., after falls or cardiopulmonary
symptoms, have been reported to be rehospitalised within
6 months [19, 20]. Thus, finding ways to effectively prevent
deconditioning leading to frailty and to significantly reduce
the number of readmissions of older patients after a critical
illness and subsequent discharge is of high relevance.

We are faced with the challenge of how to support public
health policies thatwould help senior citizens in achieving the
goals of primary and secondary (i.e., reducing readmission
rates) prevention with the aim to remain independent. An
extended life should ideally also involve preservation of the
capacity to live independently and to function well [21]. For
this purpose it is important that we understand the best ways
of providing effective answers to the need for specifically
tailored physical activities, for the provision of intellectual
stimuli that keep older adults at highest possible levels of
cognitive functioning, or for definition of supporting systems

that facilitate social integration by keeping in close contact
with family and peers.

Physical activity and exercise for older adults are highly
recommended in order to promote maintenance of physical
and cognitive functioning [22–26] at the highest possible
levels. However, maintaining motivation to continue and
adhere to exercise is often difficult as participating in con-
ventional exercise may not have such an appeal [27].There is,
therefore, an identified need to performmore research aimed
at establishing the best ways to encourage older adults to be
more physically active in the long term [28]. Older adults may
misinterpret exercising as being dangerous since perceived
barriers are thinking participation increases the risk of having
a heart attack, stroke, or death, despite theminimal likelihood
of these occurring [29]. Barriers to physical activity resolve
around major themes such as social influences (valuing
interaction with peers, social awkwardness, encouragement
from others, and dependence on professional instruction);
physical limitations (pain or discomfort, concerns about
falling, and comorbidities); competing priorities; access dif-
ficulties (environmental barriers and affordability); personal
benefits of physical activity (strength, balance and flexibility,
self-confidence, independence, improved health, and mental
well-being); and motivation and beliefs [30]. This makes
motivation and encouragement for exercise and physical
activity fostered by professional support important. Finally,
while we know that early aerobic exercise training after acute
illness could enhance cardiovascular fitness and improve
functional recovery [31], patients with functional impairment
often cannot adhere to the commonly prescribed high-
volume low-intensity exercises [32]. Providing short and
effective exercise and increasing self-efficacy could prevent
fear-avoidance strategies and help restoring prehospitalisa-
tion functional status.

Incorporating progressively intense but short exercise as
part of a tailored and combinatory program has shown to
be beneficial for healthy older men [33] and also feasible for
comorbid geriatric patients [34]. Evidence from animal mod-
els and experimental research suggests a causal relationship
of exercise intensity with physical [35, 36] and mental [37–
39] health. Several reviews have summarized the evidence of
the benefits of suchhigh-intensity interval training (HIIT) for
mental and physical health [37, 40, 41]. While these articles
provide comprehensive recommendations for HIIT imple-
mentations and its limitations, they donot address the issue of
how frail older adults can overcome physical impairments to
benefit from this promising intervention.Themain objectives
of this perspective review are to (1) critically appraise the
literature on aerobic exercise for healthy ageing and (2)
highlight its limitations in practical translation of current rec-
ommendations. We then (3) review the evidence to illustrate
how HIIT can overcome these limitations and what effects it
may have on improved cardiovascular fitness and cognitive
functioning. Next, (4) we illustrate how the effect of physical
exercise on cognitive function and physical health can be
boosted by combined motor-cognitive exercises. Finally, (5)
we propose novel training solutions based on information
and communication technologies (ICT) that exploit the
versatility of enjoyable games to improve adherence and
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increase cognitive load during exercise (i.e., exergames). The
working hypothesis (6) is that combined intensive cognitive
and physical exercise delivered as smart ICT-solutions has the
potential to dampen the cognitive decline observed in older
people in the early-to-middle stages of dementia [42] next to
improving their physical functioning [43, 44]. We intend to
illustrate how a successful implementation of these modern
technologies in combinationwith short intense exercise bouts
can help to make more of the little time invested in primary
and secondary prevention.

2. Aerobic Exercise for Healthy Ageing: A
Critical Appraisal of the Literature

Physical activity has been shown to be vitally important
for maintaining endurance, strength, and function in older
adults [45]. Optimisation of physiological function through-
out the lifespan has been advocated as an important part
of any contemporary biomedical policy addressing global
ageing [46]. Reductions in both muscle volume and oxidative
capacity per volume in the course of ageing result in declined
oxidative capacity and appear to be an important determinant
of the age-related reduction in aerobic capacity [47, 48].These
reductions are believed to explain the reduction in preferred
walking speed in healthy older subjects, which requires a
higher fraction of ventilatory threshold [49], which is also
associated with cognitive [50] and mobility [51] decline.

Decay of cognitive performance in old age is predominant
in most individuals, an observation confirmed, for example,
by a large Italian epidemiological study demonstrating that
ageing associated cognitive decline has a prevalence rate of
28% for people from 65 to 84 years of age, and cognitive
decline without cognitive complaints summed up to 45% of
people showing some kind of cognitive impairment without
dementia [52]. Worldwide, the number of people living with
dementia is estimated to be 47.5 million and by 2050 this
figure will triple to 135.5 million [53]. Dementia is a broad
category of brain diseases causing a long-term and often
gradual decrease in the ability to think and remember and
that is great enough to affect a person’s daily functioning [54].
Although the signs and symptoms linked to dementia can
be understood in three stages, training interventions ideally
should address older people in the early-to-middle stages of
dementia [55].

Research has pointed out recently that physical activity
may be relevant for healthy brain ageing and may protect
from cognitive decline and dementia [56–60]. Most physical
intervention studies, which focused on adaptations in cogni-
tive performance, brain function, or brain structure, applied
aerobic-type exercise. Two meta-analytic studies reported
that aerobic exercise is effective in increasing cognitive
performance in general and executive function in particular
[61, 62]. Studies that are more recent also found that strength
and coordination training might positively affect cognitive
abilities [63, 64]. Voelcker-Rehage et al. [65] demonstrated
training specific functional plasticity in the brain based on
functional magnetic resonance imaging data. It appears that
aerobic training increases activation in the sensorimotor net-
work and coordination training leads to a higher activation of

the visuospatial network, whereas strength training changes
the hemodynamic activity of brain regions associated with
response inhibition processes.

Current recommendations for exercise prescription to
reverse frailty follow the Frequency-Intensity-Time-Type
training principles [66]. According to the literature, a fre-
quency of 2-3 exercise bouts perweek at progressivemoderate
to vigorous intensity is recommended [67]. The intensity has
been further specified as 70% to 75% of the age-adjusted
maximal heart rate [68]. As the review by Bray et al. [66]
points out, duration should be adapted according to the frailty
status, age, and consistency of exercise participation. Ideally,
frail adults should train for 30-45min while prefrail adults
should train for 45-60min. For frail older adults, a shorter
duration is recommended as theymay get easily fatigued [69].
The exercise should not be limited to one type of intervention.
Rather, a multicomponent regime with different exercise
components has shown to be most accepted and effective in
older adults [66, 70]. Any program should, however, include
and start with an aerobic warm-up component [66], which
can also just be brisk walking [71]. The greatest unknown in
exercise prescription for the older adults is the progression
rate of intensity. To really benefit from any kind of exercise,
tailored progression to reach and extend the individual’s
capacity limits is of particular importance. Only by con-
tinuously monitoring each patient’s capacity and adapting
the training intensity can long-term benefits be expected
[66]. Meanwhile, for healthy older adults, the American
College of Sports Medicine and the American Heart Associa-
tion (2007) recommend moderate-intensity aerobic physical
activity five days a week or vigorous-intensity on three days
per week. Additional strength and flexibility exercises are
recommended at least twice a week with incorporation of
balance and coordination exercises to reduce risk of injury
form falls [72].

3. Limitations in Practical Translation of
Current Recommendations

The aforementioned recommendations for older adults
demand physical activity on most or all days of the week.
However, only 31% of persons, 65 to 74 years, report regularly
engaging inmoderate physical activity for 20minutes ormore
three days a week [73]. By 75 years of age, the rate drops to a
low level of 20% [73]. Furthermore, only less than 5% of older
adults (60+ years) are physically active in terms of meeting
the recommended 30min a day [74, 75].

A reasonmight be that older adults may not be able to ini-
tiate physical activity at recommended levels [76]. A possible
solution could be that, through appropriate and progressive
increase in training amount, the recommendation for older
adults can be achieved in rehabilitation or exercise settings
[76]. Nevertheless, for many older adults with physical,
cognitive, or combined physical-cognitive impairments the
execution of physical exercise according to the recommended
levels may never be possible [76]. Therefore, a need exists for
innovative ideas and to develop training interventions that
support physical and cognitive functioning and that facilitate
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exercise participation by considering holistic approaches
(physical, cognitive, and social), current physical and mental
status (user’s profile), next to shorter training time require-
ment, and the consideration of innovative new technologies-
based solutions [22]. At the moment, two interesting training
approaches are discussed in the research field of physical
activity in older adults: high-intensity interval training [77]
and motor-cognitive training [44].

4. Higher Intensities Intervals for
Better Efficacy?

The rise in research activities on the topic of high-intensity
interval training (HIIT) is striking. The last decade has seen a
more than tenfold increase in publications looking into the
effects and mechanisms of HIIT. It has since been shown
that HIIT is more effective at improving cardiovascular
and cardiopulmonal function when compared to moderate
intensity continuous training regimes [78]. Several individual
studies with varying training modes and reviews with meta-
analyses have confirmed these findings and also uncovered
a row of unexpected beneficial effects on bodily functions: if
properly implemented (e.g., 4 × 4 minutes of HIIT over at
least 12 weeks), it has the potential to change molecular blood
composition, reducing cardiovascular disease risks (e.g.,
reduction in blood pressure), and improving insulin sensitiv-
ity [32], and increase brain derived neurotrophic factors [37].
Importantly, HIIT has also undergone safety evaluations in
animal and human studies, consistently reporting its safety,
even in patients with cardiac or metabolic dysfunctions [79].
A study by Rosendahl et al. [80] demonstrated positive long-
term effects in physical function of a high-intensity exercise
program for older persons dependent in activities of daily
living, of whommost had severe cognitive or physical impair-
ments. No adverse events occurred in the study, despite the
high prevalence of different diseases. HIIT training is also
amenable with novel technologies [81]. A point that needs
attention, however, is determination of the optimal dose-
response for interval training. The studies discussed so far
used different protocols with different intensities which may
result in differing responses of the trainees [82]. Modulating
the parameters of intense exercise using additional cognitive
load and smart ICT solutions may provide a more potent
stimulus for synaptic adaptions and potentially translate
into improved physical function [83]. Moreover, if ICT
based solutions can integrate the individual’s vital signs and
relevant biomarkers to adapt the training, safety and efficacy
may also be improved. If, for instance, new technologies
would allow surrogate measurement of oxidative-nitrosative-
inflammatory stress during or before exercise, the exercise
intensity could be adapted to prevent harmful blood-brain-
barrier disruptions and potential maladaptation [37].

HIIT involves repeated bouts of high intensity effort
followed by varied recovery times [84]. According to the
American College of Sports Medicine (ACSM), each bout
ranges from 5 seconds to 8 minutes performed at 80% to
95% of a person’s estimated maximal heart rate. The ACSM
recommends recovery periods to be performed at 40% to
50% of a person’s estimated maximal heart rate [84]. This

intermittent recovery phase allows untrained people with
lower functional capacity, e.g., older adults [85], to work
out harder than during continuous low-intensity exercises
[86]. It has been labelled with “higher efficacy, tolerability,
and adherence without compromising patients safety” [36].
Adapted to the capacity of the patients, HIIT presents a
viable alternative to poorly adhered low-intensity exercise to
reduce the risk for inactivity-related disorders [87]. However,
recent concerns regarding the underinvestigated risks on
brain health have given rise to more critical voices [37, 41].
One review found a slightly higher incidence of adverse
response during or shortly after HIIT exercise in patients
with cardiometabolic diseases [41]. Therefore, despite all the
benefits of HIIT, the precautions taken before employing
a HIIT program for patients should be taken at least as
strict as before any other form of exercise. Patients must be
stable andmedical monitoring should be provided during the
exercise. Table 1 shows an overview of selected high-intensity
interventions for older people. Selection criteria were studies
investigating HIIT in participants older than 65 years.

Adapted physical activity at high intensity is capable of
counteracting age-related changes and performance loss not
only in the cardiovascular and muscular system [91], but
also on cognitive performance and brain structures [92].
Intense physical activity clearly improves cerebral blood
supply and increases neuronal activity, which has been shown
to stimulate neurogenesis [37]. The predominant hypothesis
regarding this effect is that brain-derived neurotrophic factor
(BDNF) is upregulated with higher protein concentrations
observed in brain regions particularly important for learning
and memory (e.g., hippocampus). BDNF plays an impor-
tant role in neural plasticity and has been associated with
cognitive performance in healthy and clinical populations
[39, 93]. Just 20minutes of HIIT has shown to increase BDNF
serum levels with a relevant functional effect, i.e., to influence
behavior and cognition [36].

A review of the literature by Penrose et al. suggests that,
in order to better harvest the effects of exercise on cognitive
function in patients with dementia, physical activity should
be combined with cognitively stimulating activities [80, 94].
The next section takes a closer look at how current exercise
regimes are employed in combinationwith cognitive loadings
to improve mental and physical capacity.

5. Motor-Cognitive Exercise

Cognitive training studies have often shown highly task
specific effects [95–99].Morewidespread transfer effectswere
found when different cognitive abilities were combined in
complex interventions or lifestyle changes [100]. Neverthe-
less, effects were often small, while aerobic training elicited
both broad transfer and relatively large effects.These findings
led to the assumption that not only the combination of differ-
ent cognitive abilities, but also the combination of cognitive
and physical training improves cognitive performance in old
age to a greater extent than the training of an isolated ability
[42, 101–104].

Most daily activities are an interaction of motor and
cognitive functions. From an evolutionary point of view,
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Table 1: Overview of selected HIIT studies for older people (>65 years).

Reference Intervention Outcomes Main
finding

Rosendahl et al., 2006
[80]∗

C=inactive controls
F=29 within 3 months
I=”high intensity”
T=n/a
T= HIFE (functional exercise at high load) + Protein
supplementation

Berg Balance Scale
Max Gait Speed

1 rep max (lower extremities)

�
�
�

Rosendahl et al., 2008
[88]∗

C=inactive controls
F=29 within 3 months
I=”high intensity”
T=n/a
T= HIFE

Fall rate =

Littbrand et al., 2009
[89]∗

C=inactive controls
F=29 within 3 months
I=”high intensity”
T=n/a
T= HIFE

Barthel ADL �

Saucedo Marquez et
al., 2015 [36]

C=continuous exercise at moderate intensity
(70% HRmax)
F=one-time intervention
I=90% HRmax and recovery intervals 20% HRmax.
T=20 minutes
T= HIIT on cycle ergometer with intervals of 1min
duration.

BDNF serum levels �

Wisloff et al., 2007
[90]

C=continuous walking at 70% HRpeak.
F=3/week
I=95% HRpeak and recovery intervals at 50% to
70% HRpeak .
T=20 minutes.
T= 4 minutes HIIT with 3 minutes recovery interval.

Flow-mediated dilation
Muscle biopsy (Mitochondrial function)

Quality of life
VO
2peak

�
�
=
�

An overview of a selection of studies investigating types of high-intensity interval exercise in older people: C=comparator; F=frequency; I=intensity;
T=duration/time; T=type; HR=heart rate; BDNF = brain-derive neurotrophic factor; ADL = activities of daily living;�: in favour of intervention;�: in favour
of comparator; =: no difference between groups.∗: based on the same interventions with different outcomes.

tasks were always an interconnection of motor and cognitive
functions [105]. However, training interventions of older
adults are usually split into a physical and a cognitive part.
Studies demonstrated that larger benefits could be induced
by the combination of motor and cognitive exercise as
the combination might generate more synergistic beneficial
changes [101, 106]. Based on reports found in the scientific
literature, the cognitive supplements should be selected such
that they share similar mechanisms with exercise and, thus,
theoretically have the potential to support the action of
the physical exercise part [42] or vice versa. Moreover, an
indication of previous studies was that the combination
has to be simultaneously to evoke positive effects [107].
Therefore, a need exists to take both components into account
to design effective interventions and to design multimodal
interventions [101], c.f. with the help of exergames [83].

Environmental challenges cause plastic adaptations of the
human brain. Physical and cognitive exercise might trigger
similar neurobiological mechanisms that go hand in hand to
induce plastic changes in the brain [106]. Physical activity
seems to facilitate neuronal plasticity by upregulation of
blood circulation, neurotrophic factors, neurogenesis, and
synaptogenesis [107–109]. The concurrent cognitive stimuli

might activate the synapses and this in turn supports the
survival of newly generated synapses and their integration
into preexisting neuronal networks [106, 110]. Moreover,
motor-cognitive exercise might also improve the synapse
communication in brain networks that are responsible for
movement coordination and execution because of the motor
stimuli. This in turn could positively influence the commu-
nication from the motor area of the brain to the muscles.
An efficient brain-body communication might contribute to
motor performance (e.g., balance and strength). Further-
more, adaptions in the muscles and in the cardiovascular
systemmight depend on themovements that are executed for
the motor part.

Various applications exist that include the training of
motor and cognitive abilities. Dancing and Tai Chi are exam-
ples of motor-cognitive exercises. Dance movements and Tai
Chi both combine physical activity, sensorimotor interaction,
and cognitive functioning in a possible social environment.
Studies showed that dancing has positive effects on different
cognitive functions, e.g., reaction time, working memory,
and flexible attention, and on lower body muscle endurance,
strength, and balance in older adults [111–114], however, only
when an appropriate dose level of dancing training is reached
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[115]. Also Tai Chi performance showed positive effects on
physical functions and ameliorated cognition in older adults
[116–118].

More recently an emerging complementary tool in exer-
cise and rehabilitation in the older population has been
exergames [119]. Exergaming combines motor and cognitive
exercises as video games that have to be played by being
physically active. The exergames used in research range
from commercially available games (Nintendo Wii Fit, Xbox
Kinect, and Dance Dance Revolution) to purpose-developed
systems. Exergame studies demonstrated positive benefits for
cognition and/or physical functioning in older adults [42,
120–124]; however, the training principle of specificity seems
to apply to exergaming. The choice of exergame console [125]
and game content used for training [126] influences the areas
of (postural) control trained and improved. Which motor
and cognitive functions will be or can be improved and
triggered through exergaming most likely also depends on
the consideration and implementation of training principles
(e.g., intensity, frequency, and user-centred).

6. Personalized ICT Interventions for
Active Ageing

In this section we will explore how the societal challenge of
active and healthy ageing that is common to all European
countriesmight be approached through the purposeful devel-
opment of smart ICT technologies. We will begin by dis-
cussing general solutions that address behaviour associated
and physical function decline with age [8, 9].Wewill then put
our focus on existing solutions that incorporateHIIT training
[127].

In parallel to the push by scientists, industry leaders, and
government officials to make medicine more personalized
[128], there is a call for development of preventive physical
activity strategies towards personalized exercise programs. In
this context, ICT solutions have been reported as promising
[129, 130] and exergames lend themselves to personalization
of interventions [131]. Various ICT based solutions for opti-
mised tailoring of exercise interventions have been proposed
to support not only people with dementia but also their
families and caregivers [132, 133]. Video game play-driven
physical activities require mental engagement and would,
thus, be in line with recommendations of the Global Council
on Brain Health [134].

Various ICT-based applications for geriatric physical and
mental training or therapy with older adults as well as
specific recommendations for the design of these solutions
are available; see [133] for a comprehensive overview. ICT
may serve, for example, to mitigate some of the negative side
effects of ageing (e.g., physical and cognitive decline) but can
also serve to develop new capability enhancing opportunities.
Where in the beginning information technology for active
ageing mainly focussed on aspects of usability and user
experience, the current status of IT as applied in ageing pop-
ulations noticeably shifted toward new services, applications,
and devices that can be offered with the aim to prevent,
compensate, care, and/or enhance daily life functioning of
senior citizens [133].

The Human-Computer-Interaction and the game design
communities provide useful research and development
examples that integrate effective exercises and training for
older adults in an attractive and motivating multimedia
design. The spectrum includes a wide range of innovative
applications supporting patients and their relatives as well
as caregivers (Figure 1). Well known examples include the
social robots, like Zora or Paro. While social robots are
designed to facilitate social interactions between patients
as part of a multisensory behaviour [135], virtual coaches
(e.g., CareCoach) use motivational cues for older people to
maintain daily activities [136]. While such solutions provide
some form of companionship and monitoring, they do not
engage users in any meaningful physical activities. So-called
social exergaming solutions, on the other hand, include
joyful and purposeful physical activity while simultaneously
stimulating social interaction to counter isolationism and
loneliness [137].

6.1. Exergames for Older People. Exergames (Figure 2) are
games, which are controlled by physical activity and body
movements of the player (exertion/exercise + gaming) [138].
Exergames have been approved to be a suitable tool, which,
if designed properly, engages seniors in physical activity in
an effective (by integrating different training aspects and
principles) and attractive manner (by implementing motiva-
tional designs). Depending on the virtual game scenario, the
required in-game tasks, and the respective movement-based
controller system (e.g., haptic or gesture-based input devices),
different motor-cognitive functions and other health param-
eters can be improved when playing exergames.

6.2. High Intensity Interval Exergames for Older People.
Gerontology research has provided insights into the impact of
exergames-based interventions on seniors’ motor-cognitive
abilities [42, 120, 121, 123, 124]. A recently published, com-
prehensive systematic review provides an extensive overview
of existing studies with exergames and their effects on
older adults’ level of physical activity [139]. Their findings
support the usage of exergames in older adults, as shown
by increased motivation and engagement of older peo-
ple in general physical activity. Further systematic reviews
have summarised evidence supporting the effectiveness of
exergames to treat age-related chronic disease in terms of
physical, psychological, and cognitive rehabilitative outcomes
[140, 141]. However, research of exergame effects on aerobic
capacity is largely missing. Currently, it is assumed that
exergames are merely able to elicit light intensity energy
expenditure when employed in community-dwelling older
people [142]. But exergaming has also been described as an
acceptable, safe [143], and innovative way to design enjoyable
high-intensity interval training [81]. Only very few studies
and game developers have specifically considered aerobic
training in general [119] and HIIT specifically for seniors. To
the best of our knowledge there are three studies examining
HIIT and exergaming: one study used a boxing approach in
young adults and adults [144], another study was performed
with young adults on ergometers [81], and one program was
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Figure 1: Selection of ICT-based solutions for seniors.

Figure 2: Selection of specifically developed (left) and general game market (right) commercially available exergames for seniors.

designed for older adults that has to be performed in standing
position on a pressure-sensitive plate [127] (c.f. Figure 3).
The latter study was performed at the Institute for Human
Movement Sciences and Sport (ETH Zurich) while the other
two studies were found by a literature search on Scopus
using the keywords exergaming and high-intensity interval
training.

6.3. Sport Scientific Recommendations for Personalized
Exergames for HIIT and Motor-Cognitive Training in Older
People. Based on theoretical considerations [145] combined
with exercise recommendations for older adults [22] and
knowledge from an effectively implemented HIIT training
in older adults [146], an ergometer-based exergame HIIT
program could be designed that considers 4x4 minutes
>90% of peak oxygen consumption [VO

2 peak] with 3

minutes’ pedaling at no load on an ergometer on 3 days per
week. The training can be extended with 2 days per week
treadmill walking (45 minutes at 70% of VO

2 peak). Before
each activity, there is 5–10min of warm-up and cool-down
activities. Exercises for older adults should consider a Rate
of Perceived Exertion 11–14 (6–20 scale). Furthermore,
exercise with integrated cognitive challenges should target
executive functions (e.g., inhibition, working memory,
and flexibility) and White Matter Hyperintensity (WMH;
Figure 3) [120, 121, 147]. Cognitive stimuli can be presented
via visual (e.g., frontal screen) [120, 121] or acoustic (e.g.,
music player) systems [148] whereby the trained cognitive
function determines the composition of the stimuli (e.g.,
inhibition: participants have to react to key stimuli and
suppress reactions to other stimuli). Reactions can be
recorded via the training device (e.g., step sequences, see
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Figure 3: Dividat Senso plate with HIIT module for seniors [127].

Figure 3), pressing a button, or speech sounds depending on
the wanted accuracy and objective. For a HIIT training, it
might be reasonable to adjust the intensity of the cognitive
load to the physical load of the exercise (e.g., more stimuli
during the low-intensity exercises phases) to achieve an
optimal challenge [149]. An optional complementation could
be pedometers to increase lifestyle physical activity. Training
program duration should be 6 weeks to see an effect in
measures of aerobic capacity [146] and 12 weeks for changes
in WMH with task-oriented training in standing position
and targeting timing and coordination of gait [150].

Considering the above-mentioned points, a program
that consisted of an exergame-based HIIT performed while
standing on a pressure sensible platform (Dividat Senso
Step Plate, Schindellegi, Switzerland, 93/42/EWG certified)
and cognitively interacting with an on-screen scenario with
audio-visual feedback might be designed as follows: short
intervals of higher intensity exertion (fast alternating steps
to keep a rocket in the air; 70-90% of maximum heart rate
(HRmax)) alternated with active rest periods (50-70% of
HRmax) for a total of up to 25 minutes. Important in this
context is the reliable determination ofHRmax values.Where
the rating of perceived exertion using the 20-point Borg-
scale seems valid and reliable for older adults [151], it seems
important not to underestimate the true level of physical
stress in older trainees in relation to reaching the appropriate
intensity of exercise [152]. The intervention should be per-
formed individually three times per week (to be in line with
exercise recommendations related to frequency of training)
for a period of four weeks with twelve sessions. Each training
session is partitioned into three parts: five minutes’ warming-
up on a cycle ergometer at 50-70% of HRmax, followed by

up to 25 minutes of HIIT, using different exergames on the
pressure sensible platform. The sessions are finished with
a cool-down of five minutes on an ergometer. Participants
are expected to complete twelve training sessions while
being monitored by a trainer, who systematically observes
and supervises participants throughout the training. The
program is individually tailored to each participant according
to a training protocol based on the guidelines published
by the American College of Sports Medicine [153] and is
aimed at increasing endurance capacity. Table 2 includes
an exemplified HIIT protocol that can be included into the
exergame training program.

7. A Call for More HIIT in Exergames for
Older Adults

Our review revealed that there are currently only two
exergame HIIT training programs [81, 127] and only one
that is specifically designed for older adults. Following and
based on our longstanding experience in designing and
researching holistic, research-based and user-centred state-
of-the-art exergames for and with various, heterogeneous
target groups, we aim to contribute to the ongoing debate and
make some recommendations for the design of personalized
exergames for HIIT and rehabilitation in seniors.

7.1. Interdisciplinary Collaboration. To create a holistic and
user-centred design, it is recommendable to work with
interdisciplinary developer teams of experts from all related
fields. In the context of personalized exergames for HIIT and
rehabilitation in seniors, the team should consist of older
people, therapists, movement and sports scientists, game
designers, and industrial and interaction designers as well as
Human Computer Interaction researchers, who can provide
relevant knowledge from different perspectives.

In this scenario, the targeting group (older people, ther-
apists, and relatives) is part of the developer team and is
directly involved in the participatory and user-centred design
process. It can be further distinguished between the first
stage- (seniors, who will play the game as single and/or
multiplayer game) and the second-stage-targeting group
(therapists and relatives, who will attend the senior while
playing and/or could be involved in the gameplay).

7.2. Design Recommendations for Exergames in Older People

7.2.1. Multilayered Design. Theholistic design process should
focus on three design levels, which need to be covered
symbiotically and in relation to one another (Figure 4).

(1) Body: targeting group-specific, physical require-
ments need to be taken into account and specific
training/exercise concepts (adapting to the training
progress) must be developed including the individual
and social body as play element. In the context of
HIIT and motor-cognitive training, designers should
especially focus on movements from traditional HIIT
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Figure 4: Three levels of research-based and user-centred design in exergames (source: Martin-Niedecken, 2017).

andmotor-cognitive training/rehabilitation interven-
tions and take or modify these into game-related
input movements.

(2) Controller: choose and experiment with target-
ing group-specific game devices such as specifi-
cally developed input devices and/or therapy/training
devices, which are used to transfer the player’s body
movements to the game and which could provide
an additional playful experience beside the virtual
game scenario. Equally to the body design level, it is
important to think about devices, which allow for the
implementation of different motor-cognitive stimuli
as well as for HIIT movements and which easily can
be integrated into the specific bodymovements rather
than disturbing the flow of movements and gameplay.

(3) Game: the game should include varied and bal-
anced game mechanics, feedback, aesthetics, dynam-
ics, story, and sound, which suit the targeting group’s
requirements and preferences. Furthermore, it is
important that the game takes up the expert knowhow
on specific useful cognitive stimuli and HIIT and
provide a playful representation and a well-balanced
feedback loop for the player.

Furthermore, in the context of geriatric rehabilitation, it is
very useful to feature an additional tool for the therapists
and/or caregivers, which allows organizing and evaluating
training sessions and plans. Such a therapist-UI could also be
used to manually adapt specific in-game parameters as well
as controller settings and input movements to the current
physical and emotional needs and states of the patient during
an exergame-based training/therapy session.

To sustainably enhance the effects of exergame train-
ing/therapy and support adherence of seniors in playful
exercising, designers should create applications which can be
used in a clinical setting and in the presence of a therapist or
caregiver, as well as applications for the home use, which are
easily accessible and can be used alone by older people.

7.2.2. Multilevel Process: Design, Evaluation, and Redesign.
Following a traditional user/player-centred game design
approach [154], developer teams should always start with a
review (and testing) of related R&D work on all three design

levels and use the gained knowledge as base for their first
concepts.

Among others, the designs of all elements related to
the three design levels should be based on theories and
approaches like the “game flow” [155] and the “dual flow”
[156] to allow for a maximum attractive and effective train-
ing/gameplay experience through an individually adaptable
game difficulty and complexity and in terms of a multiplayer,
a dynamic grading, and balancing of all players even if
they have different skills [157]. Additionally, findings from
the interdisciplinary research debate with and on exergames
provide further insights into the impact of various con-
troller technologies [158], body movements [159], social
exertion, and bodily interplay [160] as well as various design
parameters (visuals, audio, perspectives and points of view,
etc.) on the player’s gameplay/training experiences. This
knowhow should also be taken into account, when designing
a targeting-group specific exergame.

Another promising and valuable approach is the involve-
ment of older adults’ relatives and especially of their grand-
children into a multiplayer game setting [161]. An intergener-
ational design approach can allow for new (social) interaction
mechanisms and holds great potential for future exergame
developments for seniors. Furthermore, experimenting with
mixed realities (augmented and virtual realities) and/or
mixed genres (exergames meet strategy games) in could open
up new design patterns.

By involving the targeting group(s) into the design pro-
cess from the very beginning, designers can easily gain valu-
able insights into personal preferences, needs, and require-
ments and enhance identification of their targeting groups
with the final product.

To start working with the targeting group(s), powerful
and effective methods are guideline-based focus group inter-
views and the use of first draft paper prototypes, sketches,
movement concepts, and input device prototypes as inspi-
ration and basis for the discussion. Developer teams should
run several user-tests and collect the feedback from all user
perspectives (e.g., older people, therapists, and relatives).

After the first explorative phase, developers should start
implementing first design drafts and let their targeting
group(s) test them again immediately to get feedback, which
could then be implemented in the further development of
various or individual concepts.
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Figure 5: User-centred and adaptive single and multiplayer exergame environment “Plunder Planet,” which was developed with and
for children and young adolescents which can be played with different motion-based controller devices challenging the motor-cognitive,
coordinative, and endurance abilities of the players [149].

As soon as a holistic prototype is ready after some design
iterations, developer teams should run first user studies on
specific research questions to gain deepened insights and
knowledge on the attractiveness and effectiveness of their
exergame. Again, the results will be used as basis for the
redesign. This dynamic process can be repeated several times
until the final product is ready.

So far, and to the best of our knowledge, there are any
exergame projects or products for HIIT or motor-cognitive
training/rehabilitation in seniors, which focused on this exact
holistic and symbiotic approach.

However, in current studies, Martin-Niedecken and col-
leagues could show the positive impact of an adaptive and
user-centred exergame training environment on dual flow,
motivation, and training performance of children with and
without previous gaming and sports experience [162–165].
The fitness game “Plunder Planet” (Figure 5) was devel-
oped following an iterative, research-based, and user-centred
design approach like outlined above.

8. Conclusion

To conclude, we would like to point out the need for future
projects and works, which take these guidelines and recom-
mendations into account and, through the implementation
of personalized, state-of-the-art designs and the interdisci-
plinary collaboration, help to improve the feasibility and
acceptance of exergames as a beneficial tool in the context of

geriatric training and rehabilitation in general as well as for
exergames for HIIT training.

Public policy makers bear responsibility in the context
of supporting healthy ageing [166] and must recognise the
needs for prevention byworking towards environments, soci-
eties, and building infrastructure that facilitate active living
of seniors. Innovative public health policy should allocate
attention to technology, in terms of advanced instruments
for healthcare and in terms of support that can be provided
to supporting performance of everyday activities of older
individuals. Although technology is permeating our everyday
lives, most solutions target tech-savvy people, e.g., persons
“well informed about or proficient in the use of modern
technology, especially computers [https://en.oxforddiction-
aries.com/definition/us/tech-savvy],” and do not specifically
focus on older users [166].
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The present study aimed to evaluate the effects of two types of 9-month adapted physical activity (APA) program, based on
a muscle reinforcement training and a postural training, respectively, on muscle mass, muscle strength, and static balance in
moderate sarcopenic older women. The diagnosis of sarcopenia was done in accordance with measurable variables and cut-off
points suggested by the European Working Group on Sarcopenia in Older People (EWGSOP). Seventy-two participants were
randomly assigned to two groups: themuscle reinforcement training group (RESISTANCE) (n=35; 69.9± 2.7 years) and the postural
training group (POSTURAL) (n=37; 70.0±2.8 years). Body composition, muscle mass, skeletal muscle mass index (SMI), and
handgrip strength (HGS) were evaluated for sarcopenia assessment, whereas Sway Path, Sway Area, Stay Time, and Spatial Distance
were evaluated for static balance assessment. Sixty-six participants completed the study (RESISTANCE group: n=33; POSTURAL
group: n=33). Significant increases of musclemass, SMI, and handgrip strength values were found in the RESISTANCE group, after
muscle reinforcement program. No significant differences appeared in the POSTURAL group, after postural training. Furthermore,
RESISTANCE group showed significant improvements in static balance parameters, whereas no significant differences appeared
in the POSTURAL group. On the whole, the results of this study suggest that the APA program based on muscle reinforcement
applied on moderate sarcopenic older women was able to significantly improve muscle mass and muscle strength, and it was also
more effective than the applied postural protocol in determining positive effects on static balance.

1. Introduction

The older population in the world is predicted to increase by
threefold within 50 years, from 600million people in 2000 to
over two billion in 2050. This increase may be viewed as one
of society’s greatest achievements, but preserving older adults’
independence and quality of life remains one of the major
clinical and public health challenges [1]. A severe change asso-
ciated with aging is the progressive and apparently inevitable

process of loss of muscle mass and strength [2] referred to as
sarcopenia [3]. Although consensus definition and diagnosis
criteria have not been reached, the bidimensional nature of
sarcopenia is increasingly accepted, encompassing both the
quantitative and qualitative declines of skeletal muscle and
being characterized by a loss of muscle mass, strength, and
power [4, 5].This condition, which involves primarily women
[6], has been associated with the atrophy of fast twitch type
II muscle fibers and the substitution of functional tissues by
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Table 1: Participant characteristics at baseline. Data are means ± SD.
RESISTANCE (n=35) POSTURAL (n=37) p-value

Age (years) 69.9±2.7 70.0±2.8 n.s.
Height (cm) 1.62±0.02 1.59±0.01 n.s.
Body mass (kg) 63.86±1.75 63.77±2.15 n.s.
Body mass index (kg/m2) 24.34±0.72 25.23±0.86 n.s.
Handgrip strength (kg) (mean of the two sides) 17.84±4.97 17.86±5.3 n.s.

adipose and fibrotic tissues that have reduced rates of protein
synthesis, thus leading to reduced muscle efficiency [7].

The impaired state of health induced by sarcopenia is
closely related to a risk of adverse outcomes such as physical
disability, poor quality of life, impaired ability to perform
activities of daily living [8, 9], and, mostly important, risk
of falls and fractures, which represent the main causes of a
downward spiral of loss of confidence and social withdrawal,
which may ultimately lead to loss of independence [10]. The
decrease in maximal muscle strength could be a main cause
of postural instability [11], and the consequent reduced ability
of old adults to adequately react to unexpected perturbations
and to successfully regain balance is important intrinsic risk
factor for falling [12–14].

Exercise has been shown to reduce the incidence of falls
by 13% to 40%, which has led to a broad consensus among
experts that older adults should be offered exercises that
incorporate elements of balance and strength training [15].
Pieces of evidence support the notion that regular physical
activity, in combination with appropriate nutritional support,
is the most effective strategy for improving sarcopenia and
physical function and preventing disability [16]. There are
four types of exercises recommended in adapted physical
activity (APA) for older adults: aerobic exercises, progressive
resistance training, flexibility exercises, and balance training
[17]. Particularly, progressive resistance training has been
demonstrated to attenuate development of sarcopenia, by
improving muscle size and function, reducing balance and
flexibility problems, and reducing also the risk of develop-
ment of other sarcopenia-related comorbidities [18].The role
of exercise in sarcopenia was investigated in several studies
[19–22], but to the best of our knowledge, no standardized
training protocol has been developed for healthy older
people to induce positive quantitative and qualitative effects
on muscle function and to improve balance. The aim of
this study was to evaluate the effects on muscle mass and
muscle strength and on static balance of two types of 9-
month adapted physical activity (APA) programs based on
muscle reinforcement training and postural training [23],
respectively, in moderate sarcopenic older women.

2. Materials and Methods

2.1. Participants. Initially, 82 potential participants were
assessed for eligibility from the community through adver-
tisements in the notice board of the Public Health Service
ASL 4 Chiavari, Italy, and in the local newspaper and
the screening period was conducted between August and
September 2016.

The recruitment process consisted of amedical evaluation
to assess their good health and the absence of any contraindi-
cation to participation in adapted physical activity programs.

Participants were required to be at least 65 years of age
and they were excluded if they had a pacemaker (due to the
use of bioelectrical impedance analysis) or previous health
problems such as neurological or cardiovascular diseases that
would limit participation in the APA programs.

During enrolment, 10 potential participants were
excluded, because 6 did not meet inclusion criteria and the
other 4 declined to participate.

At the end of the recruitment, 72 participants were
enrolled for the study and they were randomly divided into
two groups assigned to one of the two APA programs: muscle
reinforcement training group (RESISTANCE) (n=35) and
postural training group (POSTURAL) (n=37). Two out of
35 participants of the RESISTANCE group and 4 out of 37
participants of the POSTURAL group did not complete the
training programs. A flow diagram of the study is reported in
Figure 1.

The participant characteristics of the two groups at
baseline are reported in Table 1.

The experimental protocol was approved by the Ethics
Committee of the University of Genoa and, after explaining
the aim and the procedure of the study, all participants gave
their informed consent for intervention.

2.2. Sample Size. Estimation of sample size for this inves-
tigation was performed using handgrip strength as one of
our primary outcome measures. Sample size was estimated
combining the normative data and the genuine change in
grip strength determined in previous works [24, 25]. These
assumptions generated a desired sample size of at least 30
participants. However, we recruited 72 participants, 35 in the
RESISTANCE group and 37 in the POSTURAL group, to
allow for drop-out during the intervention period.

2.3. Testing Procedures. Testing was conducted before (T0)
and after (T1) the APA intervention.

2.3.1. Food Questionnaire. Before starting the APA program,
all the participants were asked to answer to a food question-
naire in order to check a balanced daily intake of nutrients.

2.3.2. Anthropometry and Body Composition. Body mass
and height were measured to the nearest 0.1 kg and 0.5
cm, respectively, using a mechanical column scale and a
stadiometer. Body composition evaluation was performed
using a bioimpedance scale (InBody 320, GBC BioMed, NZ)
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Assessed for eligibility (n=82)

Excluded (n=10)
Not meeting inclusion criteria 
(n=6)
Declined to participate (n=4) 

Randomized (n=72)

Allocated to muscle reinforcement training
group (n=35)

Received allocated intervention (n=35)
Did not receive allocated intervention 
(n=0)

Allocated to postural training group (n=37)
Received allocated intervention (n=37)
Did not receive allocated intervention 
(n=0)

Lost to follow-up (declined) (n=2) Lost to follow-up (declined) (n=4)

Enrolment

Allocation 

Follow-Up

Analysis
Analyzed(n=33)
Excluded from analysis (n=0)

Analyzed (n=33)
Excluded from analysis (n=0)

Figure 1: Flow diagram of the study.

at least 2 hours after the meal and participants were required
to wear light clothing with bare feet. After ensuring proper
feet placement and hold of hand electrodes, participants
were instructed to stay relaxed during the measurements,
maintaining a normal standing position, with arms and
legs extended. The parameters used to measure the body
composition were weight (Kg), body mass index (BMI), and
muscle mass (Kg).

The skeletal muscle mass (SM) was calculated with the
regression equation (1) as described by Janssen et al. [26]:

SM (kg) = [(Ht2𝑅 × 0.401) + (gender × 3.825)

+ (age × −0.071)] + 5.102
(1)

whereHt is height in centimeters;R is BIA resistance in ohms;
for gender, men = 1 and women =0; and age is in years.

The same authors defined SM index (SMI) considering
SMI as SM (Kg), obtained from the above-mentioned predic-
tion equation, adjusted for the squared height (SM/height2 ,
Kg/m2).

2.3.3. Sarcopenia Assessment. Sarcopenia was diagnosed in
accordance with EWGSOP criteria [8]. Particularly, we
adopted the followingmeasurable variables and cut-off points
to diagnose sarcopenia presented in the above cited EWG-
SOP report: SMI, using BIA predicted skeletal muscle mass
(SM) equation (SM/height2), and the handgrip strength.
Concerning SMI, the cut-off values used by the EWGSOP

were moderate sarcopenia when SMI is between 8.51 and
10.75 kg/m2 (men) or 5.76 and 6.75 kg/m2 (women) and
severe sarcopenia when SMI is ≤8.50 kg/m2 (men) or ≤5.75
kg/m2 (women) [27]. HGS cut-off values for the diagnosis
of sarcopenia were ≤ 30 kg (men) and ≤ 20 kg (women)
[8, 27]. All the participants in our study showed a moder-
ate sarcopenia. Muscle strength was assessed by handgrip
strength, a proxy index of overall muscle strength [28],
measured with a Jamar hydraulic hand-held dynamometer
(Sammons Preston, Rolyan, Bolingbrook, IL, USA) with the
second handle position for all participants and expressed in
kg [29]. Additionally, the Jamar hand dynamometer has been
shown to have acceptable concurrent validity in young and
adults [30, 31]. Participants seated on a chair with their feet
flat on the floor, holding the handgrip with their wrist in
line with their elbow, and they were instructed to press the
dynamometer as hard as possible. Participants performed a
maximum voluntary isometric contraction of finger flexor
muscles, three measurements were taken with 10-second
intervals between each trial for both body sides (dominant
and nondominant), and mean value of the two body sides
was indicated as whole body handgrip strength (HGS). The
maximum values were considered for statistical analysis [32].

2.3.4. Static Balance. All participants performed the balance
assessment on a static force platform (ARGO, RGMMedical
Devices S.p.A., Genoa, Italy).TheARGO static force platform
has a large platform surface area (600 x 600 mm) and a high
sampling frequency (100 Hz). This platform, even with short
measurement times, allows a reliable harmonic analysis of
sway density parameters [33].
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Participants were asked to stand with their feet joined
and parallel on the barefoot, with their arms hanging loose at
sides, and with closed mouth and unclenched teeth, looking
at a target placed at their eye level about 1 m in front of them,
in an acoustically isolated room and darkened when they
were in closed eyes (CE) condition. Participants executed two
trials in two different randomized modalities: with open eyes
(OE) and with closed eyes (CE). Each assessment lasted 40
seconds preceded by a 5-second waiting time that allowed
the participants to become familiar with the position, thus
reducing the adaptation artifact [34, 35].The parameters used
to evaluate the static balance were as follows:

(1) Sway Path (SP) (mm/s), defined as Length of the
Sway Path, normalized with respect to the duration of the
acquisition interval;

(2) Sway Area (SA) (mm2/s), defined as the Sway Area by
the radius connecting each subsequent point of the statoki-
nesigram to the average position of the Centre of Pressure
(COP), normalized with respect to the duration of the
acquisition interval;

(3) Stay Time (ST) (s), the mean Stay Time spent by
the COP trace in the neighbourhood of each peak, over the
observed sway of each subject;

(4) Spatial Distance (SD) (mm), the average displacement
of the COP trace between one peak and the next one.

2.4. APA Exercises. The two different APA programs were
performed twice a week, for 36 weeks, and every session
lasted for 60 minutes. The APA sessions were performed in a
gym and conducted by an instructor in groups of amaximum
of 20 participants.

Each session of the muscle reinforcement training was
divided into three phases: (1) standing 15 warming up and
motor coordination exercises; (2) standing/on the ground
30 muscle toning at low/moderate intensity for different
muscular districts (primarily abdominal and both lower and
upper limbs) with low weight loads (0.5, 1, or 1.5Kg); (3)
cooling down 15 and relaxation/stretching of the muscle
systems with specific exercises [23].

Each session of the postural training was divided into
three phases: (1) standing 10-15 cardiovascular activation,
shoulder and coxofemoral joints mobilization, lower limbs
reinforcement; (2) sitting 10-15 neck and shoulders mobi-
lization; (3) on the ground, 5-30 spine mobilization, abdom-
inal muscles reinforcement, gluteal and spine extensor mus-
cles reinforcement, spine stretching, hamstring and psoas
muscle reinforcement and self-stretching, and final relaxation
[23].

Both muscle reinforcement exercises and postural exer-
cises were adapted to the participant’s abilities and were
progressive in repetitions and difficulties over time.

2.5. Data Analysis. Shapiro-Wilcoxon tests were used to
evaluate whether the outcome variables were normally dis-
tributed.

SM, SMI, and HGS of the two groups were normally
distributed and were compared before (T0) and after (T1)
the intervention by means of a repeated measure ANOVA,
with TIME (2 levels, T0 and T1), as within-subject factor,

and GROUP (2 levels, RESISTANCE and POSTURAL), as
between-subject factor. Newman-Keuls post hoc test was
used to evaluate significant interactions.

Static balance data of the RESISTANCE and POSTU-
RAL groups acquired with CE and OE were not normally
distributed. Therefore, Mann-Whitney tests were used to
evaluate differences between groups at each time epoch (T0
and T1), whilst Wilcoxon tests were applied to assess changes
in each group. Significance for all procedures was set at a level
of 0.05.

Data are presented as mean ± SD for normally distributed
data and asmedian associated with the interquartile range for
not normally distributed data.

3. Results

3.1. Effects on Sarcopenia. Thestatistical analysis on leanmass
expressed as % of the total weight and in kg showed a
significant effect of the factor TIME (%: F(1,64)=22.70,
p<0.001; kg: F(1,64)=18.25, p<0.0001). Furthermore, a signifi-
cant TIME∗GROUP interaction appeared (%: F(1,64)=24.82,
p<0.0001; kg: F(1,64)=29.53, p<0.0001), and post hoc com-
parisons revealed a significant increase of lean mass values
from T0 to T1 only in the RESISTANCE group (mean±SD;
%: T0=30.10±8.44 %, T1=33.11±7.29%; kg: T0=19.50±6.59 kg,
T1=21.25±6.05 kg), whilst not significant differences appeared
in the POSTURAL group (mean±SD; %: T0=30.52±5.93
%, T1=30.45±5.51 %; kg: T0=19.85±7.39 kg, T1=19.63±
6.49 kg).

Data concerning skeletal muscle mass (SM) values before
(T0) and after (T1) the intervention program are repre-
sented in Figure 2(a). The results of the statistical analy-
sis showed a significant main effect of the factor TIME
(F(1,64)=17.76, p<0.001) and a significant TIME∗GROUP
interaction (F(1,64)=29.04, p<0.0001). Post hoc test revealed
a significant increase of SM value only in the RESIS-
TANCE group (mean±SD: T0=17.31±1.16 kg, T1=19.02±6.58
kg, p<0.001), whilst no differences were found between T0
and T1 in the POSTURAL group (mean±SD: T0=17.59±7.31
kg, T1=17.53±6.39 kg).

The statistical analysis on SMI values showed a significant
effect of the factor TIME (F(1,64)=19.89, p<0.0001) and a
significant TIME∗GROUP interaction (F(1,64)=29.20,
p<0.0001). A significant increase of SMI values was found
only after muscle reinforcement program (mean±SD:
T0=6.48±2.75 kg/m2, T1=7.36±2.31 kg/m2, p<0.001). No
significant differences appeared after POSTURAL training
(mean±SD: T0=6.74±2.46 kg/m2, T1=6.67±2.17 kg/m2) (see
Figure 2(b)).

Results of the handgrip test are represented in Figure 2(c).
The statistical analysis on the mean of HGS of both hands
showed a significant effect of the factor TIME (F(1,64)=7.94,
p<0.01) and a significant interaction between TIME and
GROUP (F(1,64)=14.37, p<0.001). A significant increase of
HGS values was found only in the RESISTANCE group
(mean±SD: T0=17.84±4.91 kg, T1=19.86±5.22 kg, p<0.001)
and no differences appeared in the POSTURAL group
(mean±SD: T0=17.84±5.25 kg, T1=17.55±4.85 kg).
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Figure 2: Values of skeletal muscle mass (SM) (a), skeletal muscle mass index (SMI) (b), and handgrip strength (HGS) (c) of the muscle
reinforcement training group (RESISTANCE, black lines) and postural training group (POSTURAL, grey lines) before (T0) and after (T1)
the intervention. Values are means ± SE. ∗∗∗ indicates p<0.001.

3.2. Effects on Balance Parameters. The static balance data
are represented in Figure 3 and the descriptive statistics are
reported in Table 2. The results of the Mann-Whitney test
comparing the parameters of the two groups showed signif-
icant differences after the treatment, whilst no differences
were observed at baseline. Furthermore, the results of the
Wilcoxon test comparing the parameters related to each
group acquired in T0 and T1 epochs revealed significant
differences between the effects evoked in the two groups.
Hereafter we will report only significant results.

3.2.1. Sway Path (SP). Wilcoxon tests comparing the Sway
Path acquired with close eyes (SP CE) before and after
treatments revealed a significant decrease of its value after
muscle reinforcement training (Z=3.53, p<0.001) and a sig-
nificant increase after the postural training (Z=3.29, p<0.001).
When the test was repeated with eyes open a significant
decrease was observed after muscle reinforcement training
(Z=3.94, p<0.001), whilst no differences were observed in the
POSTURAL group.The different effects of the two treatments
appeared also when comparing Sway Path values at T1 in both
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Table 2: Static balance data expressed as median associated to the interquartile range. CE: closed eyes; OE: open eyes; n.s.: not significant.

RESISTANCE training group POSTURAL training group RESISTANCE vs.
POSTURALT0 T1 p T0 T1 p

Sway path (mm/s)

CE 16.78[13.16,24.21] 15.44[12.13, 20.59] <0.001 19.57[14.02, 24.96] 23.59[15.82, 29.42] <0.001 T0: n.s.;
T1: p<0.01

OE 11.76[9.27, 14.65] 9.75[7.58, 11.76] <0.001 12.13[10.15, 13.68] 11.23[10.16, 13.68] n.s. T0: n.s.;
T1: p<0.05

Sway area (mm2/s)

CE 40.64[28.75, 59.39] 26.55[16.85, 49.96] <0.001 44.38[20.04,
68.56]

52.25[27.13, 76.98] n.s. T0: n.s.;
T1: p<0.01

OE 19.36[12.84, 32.15] 12.68[9.14, 17.11] <0.001 18.99[11.58, 27.49] 17.74[13.50, 24.89] n.s. T0: n.s.;
T1: p<0.05

Stay time (s)

CE 0.65[0.49, 0.73] 0.87[0.59, 1.10] <0.001 0.59[0.43, 0.88] 0.48[0.35, 0.69] <0.05 T0: n.s.;
T1: p<0.001

OE 1.11[0.81, 1.31] 1.37[1.01, 1.85] <0.001 0.99[0.87, 1.38] 1.09[0.89, 1.35] n.s. T0: n.s.;
T1: p<0.01

Spatial distance (mm)

CE 6.71[4.51, 8.71] 4.65[3.07, 6.97] <0.001 6.19[3.86, 9.41] 7.70[4.79, 10.61] <0.01 T0: n.s.;
T1: p<0.01

OE 3.78[2.55, 4.31] 2.61[1.99, 3.41] <0.001 3.28[2.57, 4.33] 3.06[2.74, 4.15] n.s. T0: n.s.;
T1: p<0.05

conditions (CE and OE); indeed, SP in RESISTANCE group
was significantly lower than SP in POSTURAL group (CE:
Z=-3.23, p<0.01; OE: Z=-2.46, p<0.05). Data are represented
in Figures 3(a) and 3(b).

3.2.2. Sway Area (SA). In the RESISTANCE group Sway Area
decreased significantly after the treatment in both conditions
(CE: Z=5.01, p<0.001; OE: Z=4.89, p<0.001), whilst no differ-
ences were observed in the POSTURAL group. Furthermore,
the Mann-Whitney test comparing SA at T1 showed in both
conditions that SA associated with the RESISTANCE group
was significantly lower than that associated with the POSTU-
RAL group (CE: Z=-2.96, p<0.01; OE: Z=-2.23, p<0.05). Data
are represented in Figures 3(c) and 3(d).

3.2.3. Stay Time (ST). After the intervention, ST increased
significantly only in the RESISTANCE group in both con-
ditions (CE: Z=4.01, p<0.001; OE: Z=4.69, p<0.001), whilst a
significant decrease after the postural training was observed
only in CE condition (Z=2.49, p<0.05). The comparison
between the two groups at T1 showed that ST associated with
RESISTANCE group was higher than that in the POSTURAL
group in both conditions (CE: Z=3.65, p<0.001; OE: Z=2.64,
p<0.01). Data are represented in Figures 3(e) and 3(f).

3.2.4. Spatial Distance (SD). In the RESISTANCE group the
results of the Wilcoxon tests showed a significant decrease
of SD value in both conditions (CE: Z=4.44, p<0.001; OE:
Z=4.74, p<0.001), whilst a significant increase was obtained
after the postural training only in CE condition (Z=2.72,
p<0.01). Data are represented in Figures 3(g) and 3(h).

4. Discussion

The results of this study, performed in moderate sarcopenic
older women, demonstrate that the RESISTANCE group
showed significant improvements in muscle mass and func-
tion after the proposed muscle reinforcement program,
whereas no significant differences were found in the POS-
TURAL group, after the adopted postural training. Fur-
thermore, the muscle reinforcement program was able to
induce in RESISTANCE group significant improvements in
static balance parameters, whilst no significant differences
in these values were found in the POSTURAL group, after
the postural training. On the whole, the proposed muscle
reinforcement program was able to induce positive effects
both on sarcopenia and on postural parameters.

Sarcopenia is closely related to a risk of adverse outcomes,
including poor quality of life and impaired ability to perform
activities of daily living [8, 9], but, mostly important, it
increases the risk of falls and fractures [10]. At the same time,
the decrease in muscle strength could be also an important
cause of postural instability [11], and, therefore, it represents
an intrinsic risk factor for falling, by reducing the ability of
older adults to adequately react to unexpected perturbations
and to successfully regain balance [12–14].

Structured physical activity interventions are known to
delay the onset of disability in older adults, improving clinical
outcomes such as physical performance, gait speed, overall
survival, fall risk, and quality of life [36]. So far, there are
heterogeneous findings regarding the effects of exercise inter-
ventions on the maintenance of functional fitness, including
sarcopenia [37].
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Figure 3: Static balance data of the RESISTANCE and POSTURAL groups, acquired with closed eyes (CE) and open eyes (OE) before (T0)
and after (T1) the intervention. SP: Sway Path; SA: Sway Area; ST: Stay Time, and SD: Spatial Distance. Values aremedians ± SE. ∗∗∗ indicates
p<0.001, ∗∗ indicates p<0.01, and ∗ indicates p<0.05.

Two milestone studies have been performed to stand-
ardize exercise interventions and elders related outcome
measurements [38–40]. Namely, the LIFE study was aimed
at investigating the effectiveness of physical interventions in
sedentary community dwelling older adults without comor-
bidity. The main results indicated that the longitudinal
improvement of functional fitness was a general positive end
point by virtue of a structured moderate physical activity

program compared with health education program. Al-
though reduced major disability over 2.6 years was observed,
high heterogeneity of important cut points was identified,
representing a clinical important challenge.

The SPRINT study was also aimed at assessing longitudi-
nal mobility disability prevention in older adults by virtue of
combined nutritional and physical interventions to improve
sarcopenia and physical frailty. This study was geared to
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produce systematic advancements in the management of
frail older adults by a multifactorial set of interventions that
included physical activity.

A recent systematic analysis has pointed out how exercise
interventions are beneficial to body composition and mus-
cle strength [41]. However, the training effect is generally
inconsistent due to heterogeneity in exercise mode, duration,
and intensity, which makes a generalization of training
approaches impossible [42, 43].

To overcome this difficulty, we assigned a homoge-
neous group of seventy-two older women with moderate
sarcopenia, according to EWGSOP criteria [8], to two types
of 9-month adapted physical activity program: the first
one focused on muscle reinforcement, and the second one
focused on postural exercises. Due to the importance of
a balanced diet for sarcopenic people [44], before starting
the physical activity program all the participants were asked
to answer to a self-administered food questionnaire that
demonstrated that participants had a balanced daily intake of
nutrients.We showed that themuscle reinforcement program
significantly increased the absolute and the percent leanmass,
the skeletal muscle mass (SM), and the skeletal muscle mass
index (SMI), obtained by BIA predicted skeletal muscle mass
(SM) equation (SM/height2). Furthermore, this type of APA
program applied to the RESISTANCE group significantly
improved handgrip strength (HGS), a parameter that well
correlates with leg strength [8], sarcopenia, and physical
function [43, 44]. The improvements in muscle mass, SMI,
and muscle strength can be considered clinically relevant
because the participants moved froma condition ofmoderate
sarcopenia at baseline to a condition of normality after the
muscle reinforcement intervention, according to the criteria
used to diagnose sarcopenia.

It has been reported that postural control is improved
by balance exercise intervention, whereas strength exercises
or multicomponent interventions do not significantly influ-
ence such postural measurements [45]. In this study we
investigated the effects of a muscle reinforcement protocol
in improving balance parameters, such as Sway Path, Sway
Area, StayTime, and SpatialDistance, andwe compared these
effects with those obtained in another group of moderate
sarcopenic older women that underwent an APA program
focused on a postural training. Our findings showed that
our muscle reinforcement program was more beneficial than
the postural intervention in improving balance parameters
of moderate sarcopenic older women. Therefore, under our
experimental conditions, the results of this study suggest
that the improvement of parameters for static balance can
be more effectively obtained by the enhancement of muscle
strength and functioning than by a postural training. This is
an important achievement that obviously deserves further in-
depth analysis, including the coassessment of other postural
parameters, as well as the evaluation of potential biases.

A limitation of this study is the inability to establish a clear
dose-response relationship along with individual functional
fitness trajectories, due to the lack of baseline comprehensive
geriatric assessment and polypharmacy analysis. In addition,
the lack of osteoporosis assessment could prevent an accurate
evaluation of osteosarcopenia, a common clinical condition

in older people correlated with adverse clinical outcomes.
On the other hand, the strengths of the study lie in the
real-world assessment of an older adult population by a
standardized adapted physical approach like that proposed in
our APA project. Another limitation of the study is that we
did not assess functional improvements in balance after the
intervention period. It would be interesting to investigate, in
further studies, whether the observed effects after a period of
specific muscle reinforcement training are accompanied also
by functional improvements.

5. Conclusions

The present findings show the effectiveness of a muscle
reinforcement program on muscle mass and function, as
well as on static balance parameters in moderate sarcopenic
older women, thus suggesting that this type of intervention
could represent a significant approach to reducing important
risk factors for falling, such as sarcopenia and balance
impairments. However, the limitations of this study and the
potential biases must be considered before drawing firm con-
clusions, and further studies are required to deeply evaluate
the effectiveness of different types of adapted physical activity
program in muscle mass and function and in balance. On
the whole, this study allows moving a step forward in the
understanding of the clinical beneficial effects of adapted
physical activity in an older population. The longitudinal
assessment of this population, including physical activity
training adherence over time, that is part of an ongoing study
and the inclusion of geriatric assessment parameters will help
understanding the elders risk stratification, on the basis of
functional fitness and frailty prevention.
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Introduction. A typical symptom of chronic lower-limb ischaemia is lower-limb pain, which occurs during walking forcing the
patient to stop, intermittent claudication (IC). Exercise rehabilitation is the basic form of treatment for these patients. Aim. The
aim of this study was to compare the effectiveness of three types of physical training programmes conducted over a 12-week
period in patients with chronic lower-limb arterial insufficiency. Materials and Methods. Ninety-five people qualified for the 3-
month supervisedmotor rehabilitation programme, conducted three times a week.The respondents were assigned to three types of
rehabilitation programmes using a pseudo-randomizationmethod:Group I (TW), subjects undertaking treadmill walking training;
Group II (NW), subjects undertaking Nordic walking training; Group III (RES+NW), subjects undertaking resistance and Nordic
walking training. Treadmill test, 6 Minute Walk Test (6MWT), and isokinetic test were repeated after 3 months of rehabilitation,
which 80 people completed. Results. Combined training (RES+NW) is more effective than Nordic walking alone and supervised
treadmill training alone for improving ankle force-velocity parameters (p<0.05) in patients with intermittent claudication. Each of
the proposed exercise rehabilitation programmes increased walking distance of patients with intermittent claudication (p<0.05),
especially in 6MWT (p=0.001). Significant relationships of force-velocity parameters are observed in the maximum distance
obtained in 6MWT, both in Group III (RES + NW) and in Group II (NW) at the level of moderate and strong correlation strength,
which indicates that if the lower limbs are stronger the walking distance achieved in 6MWT is longer. Conclusions. Given both the
force-velocity parameters and the covered distance, the training RES + NW gives the most beneficial changes compared to training
TW alone andNWalone. All types of training increasedwalking distance, which is an important aspect of the everyday functioning
of people with IC.

Hindawi
BioMed Research International
Volume 2018, Article ID 1937527, 16 pages
https://doi.org/10.1155/2018/1937527

http://orcid.org/0000-0003-0274-273X
http://orcid.org/0000-0003-3511-7623
http://orcid.org/0000-0002-4233-176X
http://orcid.org/0000-0003-2070-8535
http://orcid.org/0000-0002-0156-8074
http://orcid.org/0000-0002-6093-0061
http://orcid.org/0000-0001-9806-5213
http://orcid.org/0000-0002-8241-7808
http://orcid.org/0000-0002-7555-6201
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2018/1937527


2 BioMed Research International

1. Introduction

Atherosclerotic arterial occlusive disease is themost common
cause of peripheral arterial disease (PAD) and lower-limb
ischaemia. As a result of the narrowing/occlusion of leg arter-
ies and consequently skeletal muscle hypoxia, the muscles’
ability to work decreases [1, 2]. One of the most common
symptoms of PAD is intermittent claudication, which man-
ifests itself in lower extremity muscle pain during walking,
which subsides after short rest [3]. Repeated episodes of
muscle pain contribute to the lowering of physical activity
of people with PAD, contributing to disease progression. The
chronic ischaemic process leads to a significant reduction in
muscle strength, which is most often the result of muscle
atrophy and metabolic changes in muscle fibres. In patients
with progressive ischaemic disease of the lower limbs, struc-
tural changes in skeletal muscles develop due to the process
of denervation, myocyte depletion, and selective loss of type
II fibres against type I fibres, along with a reduction in the
number of motor units [1, 4, 5].

Physical exercise is considered the most important com-
ponent of the comprehensive treatment process in patients
with chronic lower-limb ischaemia, as confirmed in many
clinical trials [6–17].

According to the ACC/AHA (American College of Cardi-
ology/American Heart Association) guidelines for the treat-
ment of patients with intermittent claudication, a rehabil-
itation programme lasting three to six months for 30–45
minutes at a time three times a week is recommended
[18, 19]. It is also emphasized that walking training is an
integral part of the conservative treatment in combination
with prophylaxis and pharmacotherapy.

If conservative treatment does not bring the desired
results, endovascular or surgical revascularization is carried
out [20].

The purpose of physical training in patients with PAD
is to enhance muscle strength, extend the distance of clau-
dication, improve exercise tolerance, haemodynamic param-
eters, neuromuscular coordination, and quality of life, and
postpone surgical treatment [3, 21–23]. At present, the gold
standard of rehabilitation for patients with intermittent clau-
dication is supervised walking training on a treadmill. The
TASC II (Trans-Atlantic Inter-Society Consensus II, 2007)
recommendations propose a programme in which both the
treadmill angle and speed should be suitably adapted to the
patient’s abilities, so that between the third and fifth minute
of walking, pain of medium intensity occurs (pain intensity
according to the ESC scale where 1 means no pain and 5 is
maximum pain intensity) [18].

Recently, there have been many scientific publications on
Nordic walking training, although it has not been mentioned
in recommendations for the rehabilitation process of this
group of patients [24]. Briefly, this form of movement is
walking with the use of poles, based on a natural human gait.
The advantage of Nordic walking training over other aerobic
forms (marching, jogging) is higher oxygen consumption
and energy expenditure with a lower level of perceived
fatigue [25–27]. Upper- and lower-body parts are involved,
improving 70–90% of the entire body’s muscles [28]. Nordic

walking is a simple and easily accessible physical activity,
recommended for people of all ages, mainly due to the low
risk of falling and injury.

It has been confirmed that regular Nordic walking
training in the group of people with PAD influences the
claudication distance by extending it [29–32], it improves
exercise tolerance [30, 33], and it reduces ischaemic pain
[30, 31, 33].

Another type of training dedicated to patients with
intermittent claudication is resistance training. Strengthening
the muscles of the lower limbs slows down the degenerative
processes resulting from chronic ischaemia, as confirmed
in studies by McDermott et al. [34]. It turns out that
systematically undertaken resistance training increases the
volume of muscle fibres of both type I and type II, increases
the density of capillaries and muscle strength in general, and
also extends the distance of claudication [35–37]. Despite the
beneficial effects of resistance exercise, they still attract little
attention, both in clinical practices and in scientific research
regarding PAD issues.

At each and every stage of the rehabilitation process,
physical exercises do bring unquestionable health benefits,
in both a somatic and mental capacity. One of the most
frequently achieved ambulatory rehabilitation outcomes in
patients with intermittent claudication is the extension of
claudication distance, which is of great importance in these
patients’ daily living. However, the exactmechanisms respon-
sible for this are still not fully understood [8, 38].

Study Aim. The aim of this study was to compare the
effectiveness of three types of physical training programmes
conducted over a 12-week period in patients with chronic
lower-limb arterial insufficiency.

2. Materials and Methods

This publication is part of a project called “WROVASC–An
Integrated Cardiovascular Centre”, which was cofinanced by
the European Regional Development Fund (POIG.01.01.02-
02-001/08-03), within the Operational Programme Innova-
tive Economy, from 2007 to 2013. The study was carried out
at the Research and Development Centre of the Regional
Specialist Hospital in Wroclaw.

The study was approved by the Ethics Committee of the
Medical University of Wroclaw, Poland (Ref. KB-130/2008).

2.1. Subjects. Recruitment for the exercise rehabilitation pro-
gram was carried out at healthcare facilities in Wroclaw
during “White Saturdays” on which the patients had free
access to consultations with angiologists. The information
about “White Saturdays” was promoted by local newspapers,
TV, radio, posters, and leaflets.

Over one thousand people were examined, of which
545 reported vascular symptoms. Peripheral vascular disor-
ders (by ABI and Doppler ultrasound) were diagnosed in
219 people. The qualification to the exercise training was
continued by Department of Rehabilitation. 144 persons
of 219 qualified have agreed to participate in the exercise
rehabilitation program.
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Inclusion criteria for the exercise training were as follows:
over 50 years of age, documented PAD, and lower-limb
ischaemia and intermittent claudication distance of 30-400
meters (Fontaine’s classification IIa and IIb) stable for at least
3 months, ABI<0.9, sound clinical condition of the patient,
andwritten consent of the patient to participate in the project.

The exclusion criteria included PAD Fontaine stage I
(painless distance, no impairment of walking capacity), stage
II with walking distance > 400m and Fontaine stage III/IV
(pain at rest / trophic ulcer), uncontrolled arterial hyper-
tension and/or diabetes, decompensated congestive heart
failure, level of subjective fatigue above 7 points according
to the 10-point Borg scale, cardiovascular incidents (MI,
stroke) in the last year prior to the rehabilitation program,
revascularization procedures performed during the last 3
months, generally poor patient health, incapacity to perform
functional tests in motor terms, mental illness, and participa-
tion in another scientific research program.

The patients were qualified by angiologists, cardiologists,
and physiotherapists.

A detailed process of patient recruitment for the rehabil-
itation program is presented in Figure 1. Finally, 95 people
qualified for the 3-month supervised exercise rehabilitation
programme, conducted three times a week. The respondents
were assigned to three types of training using a pseudo-
randomization method.

(i) Group I (TW): subjects undertaking treadmill walk-
ing training

(ii) Group II (NW): subjects undertaking Nordic walking
training

(iii) Group III (RES+NW): subjects undertaking resis-
tance and Nordic walking training

Clinical and functional examinations were repeated after
3 months of rehabilitation; 80 people completed the training
programs and final testing (Figure 1).

Functional tests, the results of which are presented in
this paper, were carried out in the Department of Functional
Studies of the Physiotherapy Department at the University
of Physical Education in Wroclaw with the assistance of
a cardiologist. Characteristics of patients qualified for the
rehabilitation programme are presented in Table 1.

2.2. Functional Tests

2.2.1. Stress Test on a Treadmill. The test was conducted on
a treadmill with a 12-lead electrocardiogram (ECG) and a
blood pressure (BP) reading. A Gardner–Skinner protocol
was used for the tests, in which belt speed was constant at
3.2 km/h (2.0 mph) and the angle of inclination changed
by 2% every 2 minutes. The exercise test was carried out
until a maximum claudication pain was reached, fatigue or
shortness of breath was reported, or if heart disorders or
other disturbing symptoms occurred. Heart rate (HR) and
BP measurements were taken before and after each exercise
test. The test was performed twice during the morning hours
with electrocardiography monitoring in a period of oneweek.
Initial distance of claudication and maximal distance were
included in the analysis.

2.2.2. 6-Minute Walk Test (6 MWT). A 6-minute walk test
was conducted in accordance with the American Thoracic
Society (ATS) Statement recommendations on a marked 30-
meter corridor. The test consisted of the patient’s walking
at a comfortable pace that he or she generally use on
a daily basis. In the situation of maximum pain, which
forced the patient to stop during the test, the measured
time was not halted. Expressed in meters, the result of the
test consisted of the distance of claudication and maximal
distance. In this study maximal distance was analysed. The
degree of subjective level of fatigue was assessed according
to Borg’s 10-degree scale. Before the test, subjects were
informed that they could rest during the test in a standing
or sitting position, if they experienced intensifying symptoms
of exercise intolerance. If during the test severe symptoms
of exercise intolerance occurred, which did not disappear
despite a temporary rest, the test was immediately stopped.
Intensifying symptoms of exercise intolerance that could
interrupt the test included shortness of breath, dizziness,
blurred vision, sudden sweating, cyanosis, tinnitus, loss of
verbal control, general weakness, and fatigue. Before and after
the 6MWT test, BP and HR measurements were taken using
an automatic sphygmomanometer [39].

2.2.3. A Study of Force-Velocity Parameters of Flexor and
Extensor Muscles in the Knee and Ankle Joints. The study was
carried out in order to objectively assess the strength of flexor
and extensor muscles of the knee joint as well as dorsal and
plantar flexor muscles of the ankle joint using a functional
dynamometer (Biodex System 4 Pro).

The seat, dynamometer, and a suitable attachment were
adjusted so that the tip of the dynamometer became an
extension of the axis of rotation in the examined joint. For
all respondents the same range of flexion and extension
at 90∘ was determined with an adjustment of the force
of gravity. The thigh and pelvis of the respondent were
stabilized using straps attached to the chair, so as to eliminate
movements in neighboring joints. The starting position was
a maximum bending of the lower limb in the investigated
joint. The appropriate test protocol was selected, in isokinetic
conditions for concentric work.

Before starting the actual measurement, the subject per-
formed three submaximal flexions and extensions and one
maximum movement in order to become familiar with a
given load. The following loads were applied: for the knee
joint, respectively, 180, 60, and 120∘/s were used, while for the
ankle joint 60 and 120∘/s were used. In each test, the respon-
dent performed five alternating limb flexions and extensions
in a given joint. It was imperative for participants to exert
maximum muscle force in the shortest possible time for each
movement.Therewas a 60-second break between subsequent
attempts. During the test, muscle function parameters were
recorded: peak torque (PT), total work (TW), and estimated
average power (AP).

2.2.4. TrainingMethods. Physical rehabilitation took place in
a 3-month cycle, 3 times a week (36 training units) with a 45-
minute duration.

Patients participated in one of three types of training.
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Deterioration of 
health (n=1) 

- not willing to participate in final 
tests (n=1), 
- insufficient participation in 
exercise training (n=2) 

Patients completed training 
in group I (n=31)

Patients completed study in total (n=80) 

Patients completed training 
in group II (n=21)

Patients completed training 
in group III (n=28)

- distance between place of 
residence and place of training 
(n=6) 
- health concerns for undertaking 
outdoor training (n=4) 
- malaise (n=1) 

Analysis 

Persons qualified for functional tests at the Department of Rehabilitation (n=144) 

Enrolment 

People with vascular disorders (anamnesis) (n=545) 

People with diagnosed vascular disorders (ABI, Doppler ultrasound) (n=219) 

Applicants (n=1020) 

Patients not willing to participate in the study (n=30): 
- distance between the place of residence and place of 
training (n=8) 
- missed work days (patients still working) (n=4) 
- lack of motivation (n=4)
- malaise (n=5)
- chest pain (resignation after cardiologist consultation) (n=4) 
- unknown (patients didn’t answer phone from rehabilitation 
team) (n=2) 
- stroke (n=1) 
- personal problems (n=2) 

Vascular/Cardiac contraindications to exercise (n=19): 
- other than cardiovascular health problems (n=8) 
- lack of motivation (n=4)
- chest pain (resignation after cardiologist consultation) 
(n=3) 
- problem with access to training place (n=2) 

Patients prior to cluster randomization (n=95) 

Group I starting treadmill
walking training - TW (n=32) 

Group III starting resistance + Nordic Walking 
training – RES+NW (n=31) 

Group II starting Nordic 
Walking training - NW (n=32) 

Allocation 

Figure 1: A detailed process of patient recruitment for the rehabilitation programme.
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Table 1: Anthropometric characteristics of patients with PAD and Ankle Brachial Index (ABI).

Variables

Group I Group II Group III

p(TW) (NW) (RES+NW)
(n=31) (n=21) (n=28)

Mean ± SD Mean ± SD Mean ± SD
Age (years) 67.00 ± 7.43 67.00 ± 9.32 67.82 ± 8.49 0.92
Body height (cm) 168.03 ± 8.56 166.81 ± 7.4 169.54 ± 9.07 0.53
Body weight (kg) 79.02 ± 14.31 74.44 ± 12.44 78.84 ± 15.43 0.47
BMI (kg/m2) 27.85 ± 3.72 26.77 ± 4.34 27.28 ± 4.01 0.63
ABI R 0.68 ± 0.19 0.76 ± 0.17 0.76 ± 0.19 0.14
ABI L 0.68 ± 0.16 0.71 ± 0.22 0.7 ± 0.19 0.84
∗ p<0.05; body mass index: BMI and Ankle Brachial Index: ABI.

(i) Treadmill walking training in Group I (TW) was
carried out in accordance with the TASC II recommenda-
tions. The patient walked on a moving belt on the HX-
100 treadmill with a constant speed of 3.2 km/h at 12∘ angle
of inclination. The training took place in line with interval
training principles. The duration of walking was determined
by the onset of submaximum claudication pain (level 4
according to the 5-level ACSM scale), after which the patient
rested on the nonmoving side strips of the treadmill until
the pain subsided (level 0 or 1 according to the ACSM scale).
However, the rest period did not exceed 2minutes. Extending
the distance covered was done gradually: at the start the
patient covered four sections with breaks for a rest and
withdrawal of pain. As the walking capacity improved, the
training was extended so that within 45 minutes the patient
could walk the longest distance possible. After each section
the patient monitored their HR using sensors built into the
treadmill grips. The training was individualized and was run
concurrently on two treadmills (2 people exercising at the
same time).

(ii) Nordicwalking training inGroup II (NW)was carried
out by experienced NW instructors in accordance with the
INWA. At the beginning of the training a general warm-up
was performed (up to 10min) using the NW poles (KV+
Campra Clip), followed by walking training with a NW tech-
nique using an interval method according to the same rules
as in treadmill training. At the end, stretching and breathing
exercises were carried out (5min). After each section, the
patient monitored his or her own HR on the radial or carotid
artery. Patients walked around the circumference of a large
wheel in outside conditions (park) or in a sports hall (in case
of bad weather), which allowed for them to be continuously
monitored. The first sessions (6–9 units) were devoted to
learning a correct NW technique; the following classes were
for improvements. The training was performed in groups (up
to 12 people in one group).

(iii) Combined training of resistance + Nordic walking
in Group III (RES+NW) was carried out alternately (Mon:
NW, Wed: RES, Fri: NW, Mon: RES, etc.). The NW training
was conducted according to the same rules as in the train-
ing above. Isokinetic training (resistance), i.e., conducted
under constant angular velocity, while ensuring constant
resistance, was based on biological feedback using functional

dynamometry on the Biodex S4 Pro. While performing a
given movement, the patient controlled its effect on the
computer’s monitor (biofeedback). Before starting proper
training, the patient performed five repetitions at an initial
angular velocity of 60∘/s (3 reps for warm-up with submax-
imal force (∼70% Fmax) and two with maximum force, in
order to determine the training level). After performing a
repetition with maximal strength, 70–80% of the maximum
value [Nm] was determined for both muscle groups (plantar
and dorsal flexors of the ankle joint, or in the case of patients
with high arterial occlusion, training for flexors and extensors
of the knee joint in both limbs was introduced). The patient’s
task was to perform amovement with a force that allowed one
to reach a limit set at the beginning of the training (70–80%)
by means of visual control (on the monitor), in line with the
specificity of the biofeedback training. The patient performed
10 repetitions for a given velocity: 60, 120, 180, 240, and 300
and 300, 240, 180, 120, and 60∘/s (according to the pyramid
rule), altogether totaling 100 movements per limb. After each
velocity the patient rested in the intermediate position of
the foot or knee for 1 minute. The rest time was extended
in the case of a prolonged recovery from claudication pain.
The principle of resistance training took place from the
lowest velocity (the highest resistance) through to the highest
velocity (low resistance, velocity of movement increases:
300∘/s), ending again with a high resistance performed at a
low velocity of 60∘/s.

The NW training took place in a group, while the
resistance training was undergone individually, taking place
in the Laboratory of Functional Research of the Faculty of
Physiotherapy, University of Physical Education in Wroclaw.

2.3. Statistical Methods. The distribution and homogeneity
of the variance of all analysed parameters obtained by the
subjects in each group were examined. Next, mean values,
standard deviation, and median were calculated. In order to
compare the results obtained in the first and second tests for
parameters with a distribution similar to normal, Student’s t-
test was used, whereas when the distribution was not close to
normal the Wilcoxon test was applied.

Between the first and the second measurement, partic-
ipants took part in one of three types of training. In order
to compare the effectiveness of the applied form of training,
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Figure 2: Mean, standard deviation and Wilcoxon coefficient p
values calculated between treadmill maximal distance in all groups
before and after the training cycle.
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Figure 3: Mean, standard deviation and Wilcoxon coefficient p
values calculated between intermittent claudication distance in all
groups before and after the training cycle.

an analysis of univariate variance was made in the case of an
assumption of the normality of distribution and homogeneity
of variance being satisfied. In the absence of normality of
distribution, the Kruskal–Wallis test was used. In the case
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Figure 4: Mean, standard deviation and Wilcoxon coefficient p
values calculated between 6MWT maximal distance in all groups
before and after the training cycle.

of a lack of homogeneity of variance, despite a near-normal
distribution, theWelch testwas applied. If the applied analysis
showed statistical significance, calculations were continued
with the Scheffe post hoc test.

Spearman correlation coefficient values were calculated
between walking distance parameters and force-velocity
parameters calculated for each of the study groups before and
after the training cycle.

Statistical analysis was carried out using Statistica 13.1.

3. Results

The results presented below show the values of distance
parameters responsible for walking efficiency and values of
force-velocity parameters, which describe the level of muscle
function acting on the knee and ankle joints.

3.1. Distance Parameters. All forms of 3-month exercise
training have beneficial influence onmaximal distance. Com-
bined training (RES+NW) did not get the significant level in
claudication distance. Nordic walking group and treadmill
training group had significant influence on claudication
distance (Figures 2, 3, and 4). When comparing the groups,
no significant differences were recorded, in studies either
before or after the training cycle (ANOVA not statistically
significant).

3.2. Force-Velocity Parameters of the Knee Joint. The results
of force-velocity parameters: peak torque (PT [Nm]), total
work (TW [J]), and average power (AP [W]) obtained
by functional dynamometry tests, typifying the impact of
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Table 2: t-test coefficient values calculated between force-velocity parameters of knee muscles in all groups before and after the training cycle
and results of variance analysis calculated between groups for each of the analyzed parameters.

Variables GROUP I GROUP II GROUP III ANOVA
KNEE p p p

PT ER

60∘/s

0.26 0.28 0.84 ns
TW ER 0.17 0.4 0.58 ns
AP ER 0.07 0.48 0.59 ns
PT EL 0.61 0.17 0.96 ns
TW EL 0.001∗ 1 0.97 ns
AP EL 0.35 0.13 0.75 ns
PT FR

60∘/s

0.03∗ 0.14 0.31 ns
TW FR 0.02∗ 0.32 0.46 ns
AP FR 0.01∗ 0.05∗ 0.41 ns
PT FL 0.22 0.77 0.68 ns
TW FL 0.22 0.73 0.54 ns
AP FL 0.07 0.72 0.50 ns
PT ER

120∘/s

0.16 0.43 0.61 ns
TW ER 0.17 0.81 0.50 ns
AP ER 0.04∗ 0.29 0.42 ns
PT EL 0.73 0.04∗ 0.39 0.03∗
TW EL 0.50 0.82 0.46 0.01∗
AP EL 0.33 0.17 0.41 0.01∗
PT FR

120∘/s

0.02∗ 0.02∗ 0.1 ns
TW FR 0.02∗ 0.07 0.15 0.03∗
AP FR 0.01∗ 0.01∗ 0.11 0.03∗
PT FL 0.01∗ 0.56 0.27 0.04∗
TW FL 0.09 0.98 0.16 0.02∗
AP FL 0.04 0.73 0.17 0.02∗
PT ER

180∘/s

0.81 0.72 0.3 0.01∗
TW ER 0.65 0.1 0.15 0.001∗
AP ER 0.36 0.54 0.06 0.001∗
PT EL 0.02∗ 0.44 0.12 0.001∗
TW EL 0.08 0.69 0.10 0.001∗
AP EL 0.03∗ 0.52 0.02∗ 0.001∗
PT FR

180∘/s

0.54 0.15 0.03∗ 0.001∗
TW FR 0.90 0.52 0.01∗ 0.001∗
AP FR 0.70 0.12 0.00∗ 0.001∗
PT FL 0.02∗ 0.52 0.05∗ 0.001∗
TW FL 0.09 0.90 0.01∗ 0.001∗
AP FL 0.05∗ 0.55 0.01∗ 0.001∗
∗p<0.05; ns: results statistical not significant, PT [Nm]: peak torque, TW [J]: total work, AP [W]: average power, E: extensor, F: flexor muscles of the knee
joint, R: right, and L: left.

particular types of training on the muscle performance of the
knee and ankle joints differently.

As a result of training conducted on the treadmill (Group
I), the biggest changes were recorded in the right knee flexors
(F) for a velocity of 60∘/s and 120∘/s in peak torque (PT), total
work (TW), and average power (AP) (Table 2).

Nordic walking training improved AP of flexors of the
right knee joint for velocities 60∘/s and 120∘/s and also PT
of flexors for a velocity of 120∘/s. In the left knee there was
only one significant change for extensors in PT parameter for
velocity 120∘/s (Table 2).

As a result of the combined training (resistance training
and Nordic walking) improvement was observed at a velocity
of 180∘/s in all investigated force-velocity parameters, for both
flexors (F) and extensors (E) of the knee joint. There was also
changes for knee flexors in both legs at a velocity of 120∘/s
except one parameter (PT FR) and for knee extensors at this
same velocity but observed only in left leg (Table 2).

3.3. Force-Velocity Parameters of the Ankle Joint. There were
no significant changes recorded in the force-velocity param-
eters of the dorsal extensor (E) and plantar flexor (F) muscles
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Table 3:Wilcoxon coefficient p values calculated between force-velocity parameters of anklemuscles in all groups before and after the training
cycle and results of variance analysis calculated between groups for each of the analyzed parameters.

Variables GROUP I GROUP II GROUP III ANOVA
ANKLE p p p

PT ER

60∘/s

0.99 0.53 0.19 ns
TW ER 0.87 0.31 0.11 0.01∗
AP ER 0.96 0.31 0.13 ns
PT EL 0.72 0.35 0.22 ns
TW EL 0.72 0.1 0.31 0.01∗
AP EL 0.94 0.06 0.23 ns
PT FR

60∘/s

0.76 0.47 0.001∗ 0.001∗
TW FR 0.58 0.62 0.001∗ 0.001∗
AP FR 0.54 0.78 0.001∗ 0.001∗
PT FL 0.56 0.49 0.04∗ 0.001∗
TW FL 0.26 0.74 0.02∗ 0.001∗
AP FL 0.31 0.78 0.01∗ 0.001∗
PT ER

120∘/s

0.76 0.37 0.01∗ 0.02∗
TW ER 0.8 0.59 0.03∗ 0.001∗
AP ER 0.68 0.91 0.01∗ 0.001∗
PT EL 0.24 0.16 0.01∗ 0.02∗
TW EL 0.54 0.31 0.01∗ 0.001∗
AP EL 0.56 0.29 0.001∗ 0.001∗
PT FR

120∘/s

0.8 0.73 0.001∗ 0.001∗
TW FR 0.56 0.43 0.001∗ 0.001∗
AP FR 0.51 0.27 0.001∗ 0.001∗
PT FL 0.53 0.28 0.001∗ 0.001∗
TW FL 0.99 0.27 0.03∗ 0.001∗
AP FL 0.71 0.39 0.001∗ 0.001∗
∗p<0.05; ns: results statistical not significant, PT [Nm]: peak torque, TW [J]: total work, AP [W]: average power, E: extensor, F: flexor muscles of the ankle
joint, R: right, and L: left.

of the ankle joint in response to the treadmill walking training
(Group I) and Nordic walking (Group II) (Table 3).

Combined training (Group III) significantly improved
the results in all analysed parameters, for both the dorsal
extensor (E) and plantar flexor (F) muscles of the left and
right ankle joints at a velocity of 120∘/s. At a velocity of 60∘/s,
this change concerned only the plantar flexors (F) of both
ankle joints (Table 3).

3.4. Comparison of Results of Force-Velocity Parameters of the
Knee and Ankle Joints. In analysing the force-velocity results
for both flexors and extensors of both joints (knee and ankle)
at different velocities, it turned out that following a 3-month
training cycle the most significant changes were observed at a
velocity of 180∘/s for the knee joint and at 120∘/s for the ankle
joint. No significant changes were reported at 60∘/s for the
knee joint (Tables 2 and 3).

3.5. Comparison of Results of Force-Velocity Parameters
between the Three Forms of Training. Post hoc analysis
revealed the most significant changes taking place between
the results in Group I (TW) and Group III (RES+NW) at a
velocity of 180∘/s for the knee joint muscles and 120∘/s for
the ankle joint muscles. Some significant variations were also

observed between Group II (NW) andGroup III (RES+NW),
with knee joint muscles bearing a velocity load of 180∘/s while
the ankle joint muscles had a velocity of 60∘/s and 120∘/s
(Tables 4 and 5).

3.6. Correlation between Walking Distance and Force-Velocity
Parameters. Before the exercise rehabilitation program there
were no significant relationships between the maximum
distance and the distance of claudication obtained in the
treadmill test and force-velocity parameters in all examined
groups. The exception is one correlation between the maxi-
mum distance and PT ER at 120∘/s obtained by Group III. Its
value indicates moderate correlation strength (r=0.4) (Tables
6 and 7).

The maximum distance obtained in 6MWT before the
exercise rehabilitation programme correlates with force-
velocity parameters mainly in Group III (RES + NW) for
extensors and flexors of the knee joint and extensors of the
ankle joint. In Group II (NW) no correlations were noted. In
Group I (TW) there were maximal distance compounds with
left knee flexors mainly at the speed of 120∘/s (Table 8).

After 3months of exercise training, themost relationships
between the maximum distance obtained in the test on the
treadmill and the force-velocity parameters are observed in
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Table 4: Scheffe’s post hoc test results showing relationships between results obtained in particular groups (I, TW; II, NW; III, RES + NW)
for all analysed parameters of the muscles of the knee joint.

Variables 60∘/s 120∘/s 180∘/s
KNEE 1vs2 1vs3 2vs3 1vs2 1vs3 2vs3 1vs2 1vs3 2vs3
PT ER ns ns ns ns ns ns ns 0.01∗ ns
TW ER ns ns ns ns ns ns ns 0.001∗ 0.01∗
AP ER ns ns ns ns ns ns ns 0.001∗ 0.02∗
PT EL ns ns ns ns 0.03∗ ns ns 0.001∗ ns
TW EL ns ns ns ns 0.02∗ ns ns 0.001∗ 0.02∗
AP EL ns ns ns ns 0.01∗ ns ns 0.001∗ 0.01∗
PT FR ns ns ns ns ns ns ns 0.001∗ 0.04∗
TW FR ns ns ns ns 0.04∗ ns ns 0.001∗ 0.001∗
AP FR ns ns ns ns 0.04∗ ns ns 0.001∗ 0.01∗
PT FL ns ns ns ns ns ns ns 0.001∗ ns
TW FL ns ns ns ns 0.03∗ ns ns 0.001∗ ns
AP FL ns ns ns ns 0.02∗ ns ns 0.001∗ ns
∗ p <0.05; ns: results statistical not significant; PT: peak torque; TW: total work; AP: av. power; E: extension; F: flexion; R: right; L: left.

Table 5: Scheffe’s post hoc test results showing relationships between results obtained in particular groups (I, TW; II, NW; III, RES + NW)
for all analysed parameters of the muscles of the ankle joint.

Variables 60∘/s 120∘/s
ANKLE 1vs2 1vs3 2vs3 1vs2 1vs3 2vs3
PT ER ns ns ns ns 0.03∗ ns
TW ER ns 0.03∗ 0.03∗ ns 0.001∗ 0.001∗
AP ER ns ns ns ns 0.001∗ 0.001∗
PT EL ns ns ns ns 0.04∗ ns
TW EL ns 0.04∗ 0.03∗ ns 0.001∗ 0.001∗
AP EL ns ns∗ ns ns 0.001∗ 0.001∗
PT FR ns 0.001∗ 0.001∗ ns 0.001∗ 0.001∗
TW FR ns 0.001∗ 0.001∗ ns 0.001∗ 0.001∗
AP FR ns 0.001∗ 0.001∗ ns 0.001∗ 0.001∗
PT FL ns 0.001∗ 0.001∗ ns 0.001∗ 0.001∗
TW FL ns 0.001∗ 0.001∗ ns 0.001∗ 0.001∗
AP FL ns 0.001∗ 0.001∗ ns 0.001∗ 0.001∗
∗ p <0.05; ns: results statistical not significant; PT: peak torque; TW: total work; AP: av. power; E: extension; F: flexion; R: right; L: left.

Group III (RES + NW) for flexors and extensors of the
knee joint muscles and extensors of the ankle joint (mainly
left) (Table 6). In the case of claudication distance, there are
single correlations in three exercise groups which have low to
moderate strength (Table 7).

The most relationships of force-velocity parameters are
observed in the maximum distance obtained in 6MWT, both
in Group III (RES + NW) and in Group II (NW) at the
level of moderate and strong correlation strength (Table 8).
This indicates that if the lower limbs are stronger the walking
distance achieved in 6MWT is longer.

4. Discussion

A systematically undertaken physical training is the most
effective therapeutic treatment for patients with PAD, show-
ing an advantage over pharmacological treatment and
angioplasty [16, 40, 41]. It is also the most cost-effective and

long-lasting form of treatment for this group of patients
[42, 43].

Despite the proven effectiveness of physical training run-
ning for at least 3 months, three times a week, a problem that
researchers have highlighted is the participation of patients
with PAD in these physical rehabilitation programs. Research
by De la Hayel et al. [44], Malagoni et al. [45], and Müller-
Büh et al. [46] shows that dropout rate from these training
programs is as much as 34–44%. Based on the literature
review, the main reasons of resignation are not attractive
form of exercises (treadmill walking training, recommended
by TASC II and ACC / AHA), lack of motivation, health
problems, and being far from the place of residence to the
centres in which the rehabilitation programs are dedicated
for patients with PAD [47]. Despite this, in our study,
the dropout rate from the programme was only 16%. One
person resigned from training on the treadmill, 11 people
from Nordic walking training, and 3 people from combined
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training (resistance + Nordic walking). The authors observed
that outdoor exercises and changing weather conditions were
the biggest problem for patients who dropped out from the
Nordic walking group, because of deterioration of health
status. In the resistance and Nordic walking training this
tendency was not found. Impairment of the walking function
as a result of chronically occurring claudication pain leads
to a significant reduction in the strength and endurance of
lower-limb muscles and subsequently to the deterioration
of walking skills [1, 48, 49]. This is due not only to the
ischaemia of lower-limbmuscles but also to the reduced daily
physical activity of people with PAD. Introducing resistance
training to the standards of therapeutic treatment of people
with intermittent claudication seems to be desirable and is
confirmed in studies by McDermott et al. [34], McGuigan et
al. [35], Parmenter et al. [36], and Wang et al. [37].

Our study suggests that all forms of exercise training have
beneficial influence on walking distance. When the force-
velocity parameters are taken into account, the combined
training (resistance + Nordic walking) caused the most
significant changes, comparing to the treadmill training
alone and Nordic walking training alone. The most evident
effect appears to be the improvement in muscle functions
supporting the ankle joint, where peak torque, total work,
and average power of left and right lower limbs increased for
both the dorsal and plantar flexors at higher velocity of the
movement (120∘/s). In greater resistance conditions (60∘/s),
this change occurred only for the flexormuscles of the plantar
foot.

Studies by Scott-Okafor et al. [50] confirm that the
weakest muscles of the ankle joint in people with intermittent
claudication are the dorsal flexors. In comparison to healthy
people, the difference in the strength of these muscles is 22%
[50]. Furthermore, Chen et al. [51] showed that the torque
of dorsal flexor muscles is significantly lower in this group
of patients compared to healthy individuals, especially in
a situation of developing ischaemic pain. However, what is
interesting is that when comparing the torque of both muscle
groups in painless and painful walking conditions, it is the
flexors of the plantar feet that exhibit significant weakness in
response to intermittent claudication [51]. It should be added
that the weakness of the muscles supporting the ankle joint
can cause an increased risk of falling. Research by Gardner
andMontgomery [52] confirms that patients with PAD trip or
fall 70% more often than healthy people. It is also important
that depending on the speed of the gait the muscles supplying
the ankle joint produce 40-60% of the impulsion energy
necessary for locomotion [53]. So the resistance training plays
significant role in improving walking ability of patients with
peripheral arterial disease. In our study, under the impact of
combined training, an improvement was achieved in both
the dorsal and plantar flexors; however, with greater load,
significant change was achieved only in the efficiency of
the dorsal flexors of the foot. Presumably, this is due to
the physiological superiority of plantar over dorsal flexors
in terms of strength; plantar flexors are characterized by
a greater muscle mass and number of supplying arteries.
Therefore, in this muscle group there is a higher probability
of collateral circulation in response to physical training [54],

which prevents a reduction in muscle performance of the
plantar flexors compared to the smaller and weaker dorsal
flexor muscles.

In the literature, the muscles that act on the knee joint
have been subjected to a detailed functional analysis under
isokinetic conditions, mostly in healthy elderly people and
athletes [55, 56]. However, there has been little research on
the functional assessment of these muscle groups in patients
with chronic diseases [1, 57, 58].

Taking into account changes in the force-velocity param-
eters of the knee joint, a significant improvement took place
mainly in response to the treadmill training and combined
training. In the first case, there was improvement only in
the right knee flexors at low and medium velocities. This
is probably due to the fact that over 60% of respondents
had symptoms of intermittent claudication in the right
lower limb. In the second case, all analysed force-velocity
parameters improved for both flexors and extensors of the
knee joint at higher velocity. Studies by McGuigan et al. [35],
which showed an increase in the area of muscle fibres types I
and II by an average of 25% in response to resistance training,
confirm these results. Type I (slow-twitch) fibres are mainly
responsible for endurance performance, while type II (fast-
twitch) fibres are responsible for high-speed performance,
which is why in this study people in Group III performed best
with the highest given velocity (180∘/s).

One of the most important goals of the rehabilitation
of patients with intermittent claudication is to extend their
walking distance. In our research, this goal was achieved in
response to all the proposed forms of training. Prolongation
of the distance of claudication and the maximal distance in
response to a 3-month training on a treadmill is unsurprising,
given that, as a result of many studies, it has become a recom-
mended form of rehabilitation for patients with intermittent
claudication [18]. It should be added that the same form of
training, as that of the testing,makes it easier to achieve better
results, as observed by Schieb [59].

In recent times, attention has been paid toNordic walking
training by people with PAD, because of similar or even better
results being achieved in terms of walking abilities, than
training on a treadmill [29–32]. The unconstrained nature of
the movement is largely responsible for this, which is similar
to the natural walk, in contrast to treadmill training, during
which a patient covers the distance at a constant speed, in
a nonergonomic position of the body (grabbing the handles
for fear of falling). In addition, a great advantage of Nordic
walking is training in the open air, providing the patient with
more attractions than during the somewhat monotonous
training on a treadmill.

In reviewing the literature, it is difficult to find studies
which connected endurance and strength training, despite
the confirmed benefits of their separate forms, when reha-
bilitating patients with intermittent claudication. Only in the
study by Plitz et al. [60] has it been proposed to combine
walking training with prescribed pace, together with strength
training performed on the Multiped 303 ergometer. As a
result, after 3 months, the speed of walking, the distance of
claudication, and the efficiency of the lower-limb muscles
assessed in the functional tests all improved [60].
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In light of these reports, training that consists of
endurance and strength components seems to be a promising
form of rehabilitating patients with intermittent claudication.
In addition to improvements of the walking distance, which
are so important from the daily functioning of patients with
PAD point of view, the parameters responsible for strength,
endurance, and coordination of lower-limb muscles are also
subject to progression. Despite the supervised nature of
the combined training, the participants training found it to
be attractive with lower drop-out rates comparing to other
rehabilitation programs.

5. Conclusions

(1)Combined training (resistance and Nordic walking) is the
most effective form of exercise training in strengthening the
legs and also has beneficial influence on maximal walking
distance.
(2) The highest efficiency of combined training (RES

+NW), compared to other methods of exercise training, was
observed in the force-velocity parameters of the muscles
supporting the ankle joint.
(3) Each of the proposed rehabilitation programmes had

a positive effect on the walking capacity of patients with
intermittent claudication.
(4) The introduction of Nordic walking combined with

resistance training should be considered for the therapeutic
treatment of patients with intermittent claudication, not only
because of the effectiveness of the training, but also in terms
of its attractiveness as a form of rehabilitation, preventing
dropout from rehabilitation programmes.

Data Availability

Thedata (force-velocity parameters and walking parameters)
used to support the findings of this study have been deposited
in the WROVASC repository (e-mail: zuk@wssk.wroc.pl).
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pacjentów z przewlekłym niedokrwieniem kończyn dolnych,”
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The aim of this literature review was to evaluate existing evidence on exercise-based cardiac rehabilitation (CR) as a treatment
option for elderly frail patients with valvular heart disease (VHD). Pubmed database was searched for articles between 1980 and
January 2018. From 2623 articles screened, 61 on frailty and VHD and 12 on exercise-based training for patients with VHD were
included in the analysis.We studied and described frailty assessment in this patient population. Studies reporting results of exercise
training in patients after surgical/interventional VHD treatment were analyzed regarding contents and outcomes. The tools for
frailty assessment included fried phenotype frailty index and its modifications, multidimensional geriatric assessment, clinical
frailty scale, 5-meter walking test, serum albumin levels, and Katz index of activities of daily living. Frailty assessment in CR
settings should be based on functional, objective tests and should have similar components as tools for risk assessment (mobility,
muscle mass and strength, independence in daily living, cognitive functions, nutrition, and anxiety and depression evaluation).
Participating in comprehensive exercise-based CR could improve short- and long-term outcomes (better quality of life, physical
and functional capacity) in frail VHD patients. Such CR program should be led by cardiologist, and its content should include
(1) exercise training (endurance and strength training to improve muscle mass, strength, balance, and coordination), (2) nutrition
counseling, (3) occupational therapy (to improve independency and cognitive function), (4) psychological counseling to ensure
psychosocial health, and (5) social worker counseling (to improve independency). ComprehensiveCR could help to prevent, restore,
and reduce the severity of frailty as well as to improve outcomes for frail VHD patients after surgery or intervention.

1. Introduction

Worldwide, the population is aging, and the associated chal-
lenges for the healthcare systemare significant.There is a clear
association between degenerative valve disease, older age,
and increasing life expectancy [1, 2]. According to the Euro
Heart Survey onValvularHeartDisease (VHD), patients with
diagnosed VHD are often older, with a higher prevalence of
other cardiovascular risk factors and comorbidities [2].

Careful monitoring, adequate medication, and perfect
surgery or intervention timing is key to a successful treatment
of VHD. Due to the shift in patient population, the profile
of patients who are referred to cardiac surgeon changed
dramatically. The share of surgically treated elderly patients
(≥80 years old) increased from 2.6-7% to 9.3-12% in a period
of 10 years [3, 4]. Innovation in cardiac surgery techniques
[5], advance in anesthesiology, and early postsurgery care led
to a lower risk of cardiac surgery in elderly patients [4] and
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Figure 1: Flowchart of the selection of publications included in literature review related to valve surgery and exercise training.

evidence of improved outcomes with valve surgery or tran-
scatheter aortic valve implantation (TAVI) [6, 7]. However,
older patients still have higher mortality and morbidity rates,
more frequent complications related to surgery, and longer
stay in hospital compared to younger patients [3, 4, 6].

Disease complexity in the elderly raises questions about
other risk factors that exist upon well-known and established
prognostic factors. Frailty is a common and relevant geriatric
syndrome that could be defined as a biological syndrome
with reduced reserve and resistance to stressors, resulting
from cumulative deficits across multiple physiologic systems
and causing vulnerability to adverse outcomes [8]. Most
of the studies analyzed frailty before surgery/intervention
as prognostic tool for later outcomes [9] and frailty is a
reliable prognostic factor for mortality, morbidity, major
complications [10–16], functional decline [17], quality of life
[18], and risk of delirium after procedure [19, 20]. Frailty
status can be changed and its assessment should not only
be for prognosis but also lead to “pre-rehabilitation” inter-
ventions [21] and clear comprehensive cardiac rehabilitation
(CR) recommendations [9, 22]. Physical rehabilitation for
frail older people can positively affect physical fitness and
this effect may be related to level of frailty in a setting
of long-term care [23]. On the other hand, there are no
clear recommendations concerning what methods and tools
are sensitive enough and could be used to detect existence
and dynamics of frailty syndrome in this particular patient
population.

The aim of this literature review was to evaluate existing
evidence on exercise-based cardiac rehabilitation (CR) as
a treatment option for elderly frail VHD patients. This
literature review aimed to assess the following issues:

(1) Are assessment tools used for frailty screening sen-
sitive enough to show improvement in frailty status
after exercise-based CR?

(2) What exercise interventions would be the most bene-
ficial for frail patients?

(3) Would the change of frailty status improve outcomes
on levels of disability, functional capacity, and quality
of life after surgical/interventional VHD treatment
beyond the effects of the surgery/intervention itself?

2. Methods

We conducted a literature review of articles published from
1980 to January 2018. Literature search was performed using
the PubMed database. Relevant studies were identified using
the following key words: valve surgery/TAVI and exercise
training, cardiac rehabilitation, moderate aerobic exercise
training, high intensity interval training, resistance training,
strength training, exercise capacity, prognosis, mortality,
frailty, and sarcopenia. Additionally, we manually searched
the bibliographies of all included articles.

The search was limited to publications related to adults
over 60 years old and published in English (see Figures 1 and
2).

3. Results

3.1. Are Assessment Tools Used for Frailty Screening Sensitive
Enough to Show Improvement in Frailty Status after Exercise-
Based CR? In order to answer first research question we
describemost often used frailty tools for screening in patients
with VHD and compare results with frailty assessment
methods used in a setting of CR.

Large variety of methods and instruments are used to
describe existence or/and level of frailty for patients with
VHD (Table 1). Most of the conducted studies were designed
to evaluate various outcomes after surgery or intervention.
The results of studies evaluating prevalence of the frailty and
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frailty status strongly depended upon used assessment tools
and variablesmeasured [24]. Prevalence of frailty varied from
20-26% to 68-82%, according to the scale and the population
examined [9, 24]. A systematic review and meta-analysis by
Anand et al. evaluated the relationship between preoperative
frailty and outcomes following TAVI and demonstrated that
the proportion of frail patients varied greatly across the
different studies from 5 to 83% [25]. Although frailty has
a good predictive value, results of the different studies are
inconclusive and/or contradictory even with the same tools
and similar populations. Also there is a gap of evidence
concerning frailty tools sensitivity in this particular patient
population. The most frequently used frailty assessment
procedures for patients with VHD are discussed below.

3.1.1. Fried Phenotype Frailty Index Assessment (FFS). FFS
represents the definition of physical frailty and it is based
on the results of the Cardiovascular Health Study and
the Women’s Health and Aging Studies [8]. It has been
widely adopted and consists of five health domains: nutrition
(unintentional weight loss), physical exhaustion (CES–D
(depression) scale), low energy expenditure (or inactivity
status) (Minnesota Leisure Time Activity questionnaire),
mobility (5-meter walking test (5MWT)), and muscular
strength (dominant hand handgrip strength) [8]. FFS covers
all domains of physical frailty and is recommended by the
American Geriatrics Society [26]. FFS scale also could be
named as frailty index from Cardiovascular Health Study (5-
item CHS).

However, the study that validated the FFS was performed
with general population.There is no information about VHD
patients, and the share of very old individuals included in
the study was relatively low (3.6% of patients were 85 years
or older) [8]. Moreover, used methods were subjective and
based on qualitative manner and could not precisely evaluate
cognitive function and level of independence. Enhanced FFS

(or 7-itemexpandedCHS)with additional testing of cognitive
function (using Mini Mental State Examination (MMSE))
and depressed mood was implemented [24, 27]. Another
example of FFS modification (modified fried frailty criteria)
was scale for frailty evaluation that includes similar domains
by using different methods to describe malnutrition (hypoal-
buminemia) and clearly describe level of independence with
Katz index [13, 28–30].

FFS [12, 24, 31–35] and scale modifications are widely
used in studies involving VHD patients for frailty screening
and unfavorable intervention/surgery outcome prediction.
FFS was an accurate frailty assessment tool for prediction
of increased hospitalization costs after cardiac surgery [31].
Some authors did not find any relation between frailty
(measured by FFS) and mortality, morbidity, or increased
length of stay in the hospital [33, 36, 37]. However the
studies concluded that frail patients aremore often referred to
cardiac rehabilitation facilities [33, 36]. In a large study from
Arnold et al. (N=2830) the authors demonstrated that frailty
measured by FFS was a good predictor for negative short-
term outcome (mortality, low quality of life) [32]. Similar
results were reported in other studies [34, 35, 38, 39]. Forcillo
et al. included high- and extreme-risk patients undergoing
TAVI and found that serum albumin, Katz index, and 5MWT
were associated with increased risk of adverse outcomes, but
only albumin was predictive of 30-day all-cause mortality
[28]. In contrast, in two studies from Afilalo et al. (2012 and
2017) the FFS and its modifications were inferior compared
to other assessment tools (5MWT alone and EFT) for frailty
screening [12, 24]. We failed to find any study that would be
designed to evaluate FFS sensitivity for patients with VHD or
in which FFS would be used in cardiac rehabilitation settings.
According to our analysis, although FFS is a traditional
method for frailty syndrome diagnosis and screening, it may
be not reasonable for frailty dynamics after comprehensive
CR program.
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3.1.2. Multidimensional Geriatric Assessment (MGA) or Mod-
ified Geriatric Baseline Examination (MGBE). Stortecky et
al. and Schoenenberger et al. showed MGA/MGBE to be a
good predictor ofmortality andmajor adverse cardiovascular
and cerebral events (MACCE) [14] as well as functional
decline or death [17] after TAVI. This tool describes frailty
by results of MMSE, Mini Nutritional Assessment (MNA),
Katz index, independence in instrumental activities in daily
living (IADL), Time Up and Go (TUG), and a subjective
mobility disability (defined as a decreased frequency of
walking 200m and/or of climbing stairs). This tool was used
in several studies and resulted in good predictive value [14,
17, 19]. It has all necessary elements for frailty assessment:
mobility (TUG and subjective mobility evaluation), nutrition
(MNA), cognitive functions (MMSE), and independence
(ADL, IADL).

In addition, Eichler et al. showed that this instrument
could be used in CR settings, although there were no changes
inKatz index and IADL results after 3-4weeks of inpatientCR
for patients after TAVI [40]. As a result of the comprehensive
rehabilitation program, the proportion of frail patients was
significantly reduced by 9% (from 36.9% to 27.9%). The
overall frailty index decreased by 0.4 points, driven by
the significant changes of the single parameters cognition
(MMSE), nutrition (MNA), and subjectivemobility disability
andmobility (TUG).On the other hand, it was small (N=136),
short (observation for 3-4 weeks), observational type study
without control group or randomization.

However, other authors have not confirmed the predictive
value of this instrument and found that it only partly
predicted unfavorable outcome after TAVI (nutrition and
mobility) [41]. More studies with VHD patients and MGA
should be done in order to receive higher level evidence, but
its possibility of evaluating most of complex frailty syndrome
components looks promising not only in screening but also
in frailty dynamics after CR.

3.1.3. Canadian Study of Health and Aging (CSHA) Scale or
Clinical Frailty Scale or Rockwood Scale. CSHA scale is a
multidomain approach that defines frailty as a proportion of
accumulated health deficits [9, 26]. In the Canadian Study
of Health and Aging, authors worked with 3 approaches:
(1) developing a rules-based definition of frailty, (2) creating
a method of counting a patient’s clinical deficits, and (3)
proposing the clinical frailty scale, a measure of frailty
based on clinical judgment [42]. The seven-point scale is
displayed in an easily visualized form including objective
clinical judgment and subjective patient assessment [26]. It
is a validated instrument for diagnosing physical frailty and
easy to use [9, 42, 43]. Seiffert et al. used the Rockwood
scale in the Bonn group (N=347/847 patients) undergoing
TAVI and found frailty to be significantly related to 1-year
mortality [26, 44]. Other authors also used this scale and
reported significant results related to quality of life, poor
physical and mental function, physical well-being [45], and
poor outcomes even in pre-frail patients [46]. Shimura et
al. compared it with other well-known frailty markers and
concluded that CSHA predicted late mortality in an elderly
TAVR patient cohort better than 5MWT, body mass index

(BMI), and handgrip strength [47]. We did not find any
study that would use CSHA scale to evaluate frailty dynamics
after CR for patients with VHD. What is more, CSHA did
not show superiority compare to other frailty tools (such as
5MWT or handgrip test) in other reviewed studies [24, 30].
On the other hand, CHSA scale is based upon patients level of
disability, level of independence, that could be a link to other
tools used in rehabilitation settings such as Barthel index
(BI) or functional independence measure (FIM). Systematic
review and meta-analysis performed by Ribeiro et al. [48]
showed that frail patients after TAVI or surgical aortic valve
replacement improved significantly according to BI or FIM
results, compared before and after CR.What is more, recently
published call of action regarding frailty in CR offered to use
CSHA scale as possible frailty measure [9].

3.1.4. 5-Meter Walking Test. One of the requirements for
frailty assessment (especially for screening) is simplicity and
ability to assess frailty in a very short period of time. One
of the most evaluated frailty assessments is the 5-meter (15
feet ∼ 4,5 meters) walking test which can be used as part
of other scales (FFS) or as stand-alone evaluation [13, 20,
24, 27, 30, 47, 49–51]. This test results could be evaluated
in different manner: (1) measuring time taken for 5-meter
walk in seconds and (2) measuring gait speed in meters
per second. Different authors offer different cutoff values
to describe frail patients that vary from 5 to 7 seconds
according to gender and body composition [6, 8]. Gait
speed is an independent predictor of adverse outcomes after
cardiac surgery, with each 0.1-m/s decrease conferring an
11% relative increase in mortality [52]. The slowest walkers
(6-10 or more seconds) had 35% higher 30-day mortality
than normal walkers (adjusted OR, 1.35; 95% CI, 1.01–1.80)
[51]. Kano et al. described stepwise incremental increased
risk of mortality after TAVI in patients with the slowest gait
speed (<0.5m/sec) or who were unable to walk compared to
patients with a normal gait speed [50]. Studies that compared
several frailty assessment tools also demonstrated 5MWT
superiority among other more complex ways to evaluate
frailty in VHD population [27, 53]. This test is validated in
large trials, has good predictive value for patients undergoing
cardiac surgery, and is superior to other instruments [12,
52]. Although it seems logical to use this 5MWT in cardiac
rehabilitation, as it is recommended by AHA guidelines [54],
none of the reviewed studies in CR setting chose this test.
All of the mentioned studies regarding exercise training for
patients with VHD evaluated six-minute walking test to show
improvement in physical capacity, but this test failed to show
predictive value in frailty screening before the procedure [55].
Future studies will be needed to evaluate 5MWT sensitivity in
a setting of CR.

3.1.5. Serum Albumin Levels. Pre-procedural albumin levels
(as single measurement or as part of other indexes) have been
demonstrated to have significant predictive value [47, 56–
58]. Hypoalbuminemia (<3.5 g/dL) was associated with poor
prognosis, highlighted by the increase in noncardiovascular
mortality in elderly TAVI patients [58]. Grossman et al.
showed that even higher pre-procedural albumin (< 4 g/dL)
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can significantly improve the ability of the Society ofThoracic
Surgeons (STS) and EuroSCORE II scores to predict TAVR-
related mortality [57]. In addition Bogdan et al. showed
that low post-procedural (4 days after procedure) serum
albumin remained a strong parameter correlated with all-
cause mortality (HR=2.47; 95% CI: 1.284.78; p<0.01) [59].
Forcillo et al. analyzed whether MFFC predicted 30-day
mortality after TAVI.The results demonstrated that although
all MFFC components were associated with increased risk of
adverse outcomes, only albumin (<3.5 g/dL) was predictive
of 30-day all-cause mortality [28]. Eichler et al. focused on
nutrition assessment but used another instrument, validated
MNA scale [41]. Moreover, one of the components of the
successful frailty risk score for the elderly undergoing aortic
valve replacement (EFT) is low pre-procedural albumin level
[24].

Albumin level seems to have higher prediction value and
could be a good screening instrument for frailty. What is
more, serum albumin levels can be linked to lower muscle
mass in elderly [60]. Albumin as nutrition measure could be
connected with low body mass index (BMI) and sarcopenia.
Mok et al. showed that higher BMI in TAVI patients was
associated with higher skeletal muscle mass [61]. However,
46% of these cases were sarcopenic obesity that was signifi-
cantly higher than the 4% to 12% in the general population
[61]. These results could give an impression that muscle
mass is more important than whole body mass. Shimura
et al. showed significant relation between lower BMI and
higher level of frailty [47]. The results from Koifman et al.
confirmed that BMI <20 kg/m2 should be considered as a
frailty marker during the screening process of severe aortic
stenosis TAVI patients as it is associatedwith highermortality
[62]. Albumin levels should be taken in to account during
comprehensive CR program, which is the role of dietician
counseling, helping to reach healthy body mass not only
through healthy diet but also through increasing muscle
mass.

3.1.6. Katz Index of Activities of Daily Living. The Katz
index is used for functional assessment of dependency in
elderly individuals in the six functions: feeding, bathing,
dressing, transferring, toileting, and urinary continence [95].
It provides objective data on a patient’s independency in
daily activities [26]. Frailty usually overlaps with disability;
hence some authors use the same instruments for disability
measurement while others use it for frailty assessment [32,
69]. Earlier studies incorporated Katz index in the frailty
assessment and demonstrated that it is an independent risk
factor for in-hospital mortality and institutional discharge in
patients after cardiac surgery [15, 26, 96]. Therefore, a more
pragmatic approach in defining frailty, commonly called the
social domain, often includes an ADL assessment [26]. Puls
et al. identified a Katz index <6 as a powerful independent
predictor of immediate-, short-, and long-term all-cause
mortality in TAVI patients [26, 77]. Most of the review
studies included Katz index as part of frailty assessment and
demonstrated it to produce good prediction values [17, 49,
68, 69, 72]. Recently published American College of Cardiol-
ogy/AmericanHeart Association (ACC/AHA) and European

Society of Cardiology (ESC) guidelines recommend the Katz
index as one of the frailty assessment instruments for risk
prediction before cardiac surgery [97, 98]. On the other hand,
other authors did not detect Katz index as good predictor
for long- and short-term outcomes; in those studies it was
inferior to mobility and nutrition measures [30, 41, 64].
Although usage of Katz index looks promising, we failed to
find any study in CR with VHD patients that would test
individuals with KI before and after CR program. Eichler et
al. used IADL and basic DAL [40]; other authors successfully
used BI or FIM to evaluate frailty, disability, or patient
independence [85, 99].

3.2. What Exercise InterventionsWould Be the Most Beneficial
for Frail Patients? In order to answer the second research
question, we analyzed 12 studies published in English since
1980 on topic of VHD and exercise training with elderly
(Table 2). All analyzed studies demonstrated benefit of
exercise training in patients after surgical/interventional
VHD treatment. Although the evaluated exercise-based CR
programs were differently structured, the patient population
included and the primary endpoints examined were similar
and focused on the results of 6-minute walking test and
cardiopulmonary stress test (peak VO

2
). 6 studies were con-

ducted in inpatient facilities and 6 studies analyzed the results
of outpatient programs only. In 8 studies the program started
early (< 1 month) after surgery or intervention. Other studies
included patients after ≥1 month of surgery or intervention.
In all reviewed publications specified documented adverse
events were not related to exercise [91, 93, 100].

Although recently published studies concentrate on
disabled, comorbid high-risk elderly patients, all authors
demonstrated that exercise training is safe and effective in
improving functional and physical capacity [40, 84, 85, 87,
89, 93], quality of life [40, 84], and independence in daily life
activities [48, 84, 85, 87, 93]. Exercise training type, method,
length, and intensity differed among the studies and did not
allow clear recommendations concerning how exactly this
patient group should be treated.

Only two randomized controlled trials (RCT) were per-
formed with patients aged 60 years or older [91, 92]. Low
sample size pilot study on exercise training after TAVI, with
combined endurance and resistance training, showed signifi-
cant improvements in exercise capacity, muscular strength in
different muscles groups, and quality of life compared with
usual care [91]. In this study, 13 TAVI patients participated
in an eight-week outpatient CR, starting 2-3 months after
intervention. Resistance training was added in the second
week of the program and performed in 2 of the 3 weekly
workouts. It included 5 different exercises starting with 1
set with 10 repetitions at 30% 1 repetition maximum (1-RM)
and was gradually increased to 3 sets with 15 repetitions
at 50% to 60% 1-RM. Sbilitiz et al. showed that CR group
compared with control had a beneficial effect on VO2 peak at
4 months (24.8mL/kg/min versus 22.5mL/kg/min, p=0.045)
but mental health and other measures of exercise capacity
and self-reported outcomes was not affected [92]. Exercise
training in this study was initiated 1 month after surgery,
comprising 3 weekly exercise sessions for 12 weeks. The
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program consisted of graduated cardiovascular training and
strength exercises.

None of these studies assessed level of patients frailty
before and after exercise training program; on the other
hand, it did show that structured training program could
improve older patient physical capacity [91, 92]. What is
more, Sbilitiz et al. did not find improvement in patients’
mental health which could be seen as a one component of
complex frailty syndrome. It is interesting that latter study
had special structured psychosocial education that cover
relevant topics: changed body-image and self-image, recovery
frommajor surgery, and dependency on relatives andmedical
issues, but did not receive positive results [92].

Only one study, conducted by Eichler et al., evaluated the
effect of a multicomponent inpatient CR on frailty in patients
after TAVI [40]. It is important to mention that the CR
included patient education, diet counseling, psychological
support, and risk factor management as well as individual-
ized training components. Exercise training performed was
mainly aerobic such as cycle-ergometer training and Nordic
walking. Patients with a higher exercise capacity (> 1.0W/kg)
conducted additional strength training at 30–50% 1-RM. For
frailty assessment, frailty index by Schoenberg et al. was used.
As a result of the rehabilitation the proportion of frail patients
was significantly reduced by 9% (from 36.9% to 27.9%).
The overall frailty index decreased by 0.4 points, driven by
the significant changes of the single parameters cognition
(MMSE), nutrition (MNA), and subjectivemobility disability
andmobility (TUG).Although frailty index could be reversed
during cardiac rehabilitation, it did not show a prognostic
impact itself [40]. On the other hand, it was observational
type study, did not have control group, and was not designed
as randomized control trial.

Russo et al. showed that early cardiac rehabilitation
enhances independence evaluated with Barthel index, mobil-
ity, and functional capacity for patients after surgical or
interventional aortic stenosis treatment.The exercise training
consisted of aerobic training and calisthenics [85]. Systematic
review and meta-analysis performed by Ribeiro et al. [48]
showed that patients after TAVI or surgical aortic valve
replacement achieve similar benefits from cardiac rehabil-
itation. Frailty components analyzed in this review were
independently measured by Barthel index or functional
independence measure (FIM), which improved significantly
in both groups.The cardiac rehabilitation programs included
exercise endurance training (cycle or treadmill), resistance
training, and/or inspiratory muscle training.

Summarizing of existing evidence on exercise training
for patients with VHD would show that exercise program
should be individualized and intensity should be measured
by RPE with beginning of 40-60% of maximal VO2. All
analyzed training protocols included aerobic training compo-
nent implemented through various activities (Nordic walk-
ing, bicycle ergometer, gymnastics, etc.) and in 9 of them
additional strength training was performed starting form the
second or thirdweek of exercise training,measuring intensity
with 1 repetition maximum method. Inpatient CR program
length varied from 2 to 4 weeks, while the duration of the
outpatient programs was 12-24 weeks.

3.3. Would the Change of Frailty Status Improve Outcomes
on Levels of Disability, Functional Capacity, and Quality of
Life after Surgical/Interventional VHD Treatment beyond the
Effects of the Surgery/Intervention Itself? According to recent
studies, in 23-32,8% of cases functional capacity of TAVI
patients did not improve or even deteriorate in a period of
6-12 months after intervention [101–104]. If we put aside cer-
tain procedure technique, surgeon experience, risk-benefit
ratio evaluation, and careful patient selection, individualized
care or CR in inpatient/outpatient setting could outweigh
unwelcome complications. Older VHD patients constitute a
sensitive group that requires more specific comprehensive
cardiac rehabilitation programs and they return to casual life
could be more difficult [4, 105].

After analyzing the reviewed studies, we could not
directly answer to the third research question. Two studies
that were designed as RCT did not evaluated frailty or its
components [91, 92], and study that was designed to evaluate
exercise training impact on frailty did not have control group
[40]. On the other hand, all reviewed studies show positive
impact of CR and did not register any adverse event or clinical
deterioration linked to exercise training program.

Participation in CR improves outcomes of patients with
cardiovascular disease [106] andmay be specifically beneficial
for patients with frailty syndrome; however, cardiac rehabili-
tation facility remains unused.

4. Discussion

The results of this review highlight the importance of frailty
syndrome in patients with VHD. Screening for frailty as a
high-risk factor is well implemented in Heart team decision
making for high-risk patients with aortic stenosis. However,
there is gap of evidence considering frailty in CR settings.
This literature review was designed to seek for answers of
several research questions: Are assessment tools used for
frailty screening sensitive enough to show improvement in
frailty status after exercise-based CR? What exercise inter-
ventions would be the most beneficial for frail patients?
Would the change of frailty status improve outcomes on
levels of disability, functional capacity, and quality of life after
surgical/interventional VHD treatment beyond the effects of
the surgery/intervention itself?

First of all, our analysis revealed several differentmethods
used for frailty assessment and evaluation. The analysis of
these frailty tools was difficult because (1) a huge variety
of instruments were used, (2) the same instruments were
chosen to evaluate disability or cognitive functions in some
studies and frailty in others, (3) the same instruments were
named differently in separate studies, (4) authors were using
validated scales but chose to analyze components separately,
(5) authors created and offered new risk scores for frailty
assessment that has not been implemented in other studies,
and (6) some studies described subjective frailty evaluation
manner “eye-ball test” [78, 79], while others used objective,
quantitative or semiquantitative tests to evaluate all possible
deficits.

It is clear that the prevalence of frailty plays an important
role for patients with VHD: recently updated AHAVHD and
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ESC guidelines emphasize the frailty issue as an important
factor for Heart team decision making in patients with aortic
stenosis [97, 107]. In 2014, the AHA guidelines recommended
the use of Katz Index of independence of daily living and
the 5-meter gait speed test, and this recommendation was
left in 2017 [54, 107]. Frailty as worse outcome predictor is
alreadymentioned in ESC guidelines in 2012, but still without
clarification of how exactly frailty should be measured and
evaluated [108]. ESC 2016 guidelines indicate that frailty
assessment should not be subjective and criticize the “eyeball
test” [97]. According to cited studies frailty could be mea-
sured with complex evaluation of the patient that includes
Katz index of independence of daily living, cognitive func-
tion evaluation, nutrition assessment, and patient functional
capacity (TUG) [97].

Existing literature confirms frailty predictive value for
higher complications rate, longer length of hospital stay, and
mortality and morbidity after cardiac surgery or interven-
tional treatment [9, 97]. On the other hand, most of the
studies describe frailty assessment before procedure. Frailty
status is dynamic and can transit over time. In most cases
people becomemore frail while aging, but in up to 20% of the
population frailty criteria also can disappear over time [109,
110]. Study that analyzed community living elderly persons
showed that, of the 754 participants, 434 (57.6%) had at least
1 transition between any 2 of the 3 frailty states during 54
months. Transitions to states of greater frailty were more
common (rates up to 43.3%) than transitions to states of lesser
frailty (rates up to 23.0%) [109, 110]. A small study that was
performed by Forman et al. showed significant worsening of
frailty level (measured by CSHA, 5MWT, and MMMSE) and
functional capacity in 10 weeks for patients that are waiting
for TAVI [111]. This dynamics shows that even short-term (3-
4 weeks) CR could be effective for these patients.

Vigorito et al. recently published a call for action on frailty
in CR and offermainly two instruments for frailty assessment
in this specific field: Edmonton frailty scale (EFS) and clinical
frailty scale from the CSHA study.The EFS could be used as a
comprehensive instrument that has been validated in elderly
patients after acute coronary syndromes [9]. It also includes
two clinical performance items interrogating cognition (clock
test) and functional performance (TUG) [9]. However, some
EFS questions are developed for screening more than for
effect evaluation (e.g., hospitalizations per year, functional
independence, social support, and medication usage) and
would not be sensitive to show results of comprehensive CR.
Also we did not find any study with VHD patients where
frailtywould bemeasuredwithEFS.Clinical frailty scale from
the CSHA is popular and looks effective for screening in this
patient population [20, 35, 44]. It is easy-to-use standardized
tool based on subjective evaluation of frailty; however, it lacks
psychosocial factors [9, 26]. Moreover, studies that compare
different frailty tools (including CSHA frailty scale) did not
show its superiority to other instruments for frailty screening
and outcomes prediction [24, 27, 30].

Our analysis revealed the six most used tools for frailty
in VHD population: 3 scales (fried frailty scale and its
modifications, multidimensional geriatric assessment, and
clinical frailty scale from the CSHA study) and 3 single

measures (5-meter walking test, Katz index, and serum
albumin levels). Together with existing guidelines and expert
opinionswe believe that simple and fast-performed single test
would not show comprehensive CR effect on a frail patient.
An instrument of frailty assessment in CR should have the
various components included in different risk assessment
scores (mobility, independence in daily living, cognitive
functions, nutrition, muscle mass and strength, and anxiety
and depression evaluation). We did not find enough studies
performed in CR with frail patients to find out which of all
the mentioned tools is the best and most sensitive for frailty
syndrome and its dynamics after CR program. Future studies
are needed to build new evidence in this field of research.

Second research question aimwas to find an ideal exercise
training-based CR program for frail patient with VHD. It
is known that exercise-based comprehensive CR is based
on strong evidence and is a well-recognized treatment for
patientswith different cardiovascular diseases [112, 113]. Phys-
ical rehabilitation for frail older people can positively affect
functional and physical capacity and this effectmay be related
to the level of frailty [23]. Physical activity recommendations
and supervised exercise programs can be useful for frailty
prevention, to improve physical and functional capacity (gait
speed, TUG, and SPPB), survival, and quality of life as well
as to decrease prevalence of anxiety and depression and
risk of falls in community-dwelling frail older people [114–
117]. According to recent published systematic review, inter-
ventions for pre-frail and frail older adults should include
multicomponent exercises, including in particular resistance
training, as well as aerobic, balance, and flexibility tasks
[117]. A study that included older patients soon after CABG
demonstrated that additional resistance training and special
balance training improved functional capacity (6-MWD,
TUG time) significantly more than aerobic training alone
[118]. Exercise training-based cardiac rehabilitation could be
a treatment option for frail VHD patients. EAPC Cardiac
Rehabilitation Section raised awareness and importance of
frailty topic in the field of CR [9].

However, literature data in exercise training and CR
in VHD patients is scare [100]. According to a published
Cochrane meta-analysis, exercise training is beneficial and
provides short-term improvement; however, it was assessed
by only two studies included in this meta-analysis, and
both of them were performed in a young-middle aged
sample [100]. Our literature review showed that different
exercise training programs with VHD elderly patients after
surgery/intervention were safe and effective in improving
functional and physical capacity [40, 84, 85, 87, 89, 93],
quality of life [40, 84], and independence in daily life activities
[48, 84, 85, 87, 93]. Studies with frail patients demon-
strated that exercise-based programs increased gait speed
and improved balance and performance in activities of daily
life or SPPB [9]. A systematic review on exercise-based CR
for patients after aortic stenosis surgical/interventional treat-
ment demonstrated that a short-term (2-6 weeks) program
could improve Barthel index, FIM, 6MWT, and anxiety and
depression [48]. Eichler et al. demonstrated that participating
in comprehensive CR results in frailty index decrease by 0.4
points, driven by the significant changes of single parameters
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such as cognition (MMSE), nutrition (MNA), and subjective
mobility disability and mobility (TUG). In addition, several
studies showed improvement in frailty and physical and func-
tional capacity in frail patients, although baseline evaluation
before surgery/intervention demonstrated lower results in
the frail patient group [18].

All reviewed studies had an aerobic component of exer-
cise training that was fulfilled in different ways, and 9 of 12
reviewed studies had an additional strength-training com-
ponent. All described exercise programs were individualized
according to the patient capability and described careful
exercise intensity dosage according to rate of perceived
exertion. We believe that ideal CR for VHD patients should
be supervised by a cardiologist, and its content should include
(1) exercise training (endurance and strength training to
improve muscle mass, strength, balance, and coordination
and to avoid falls), (2) nutrition counseling (to improve
healthy body mass), (3) occupational therapy (to improve
independency and cognitive function), (4) psychological
counseling to ensure psychosocial health, and (5) social
worker counseling (to improve independency). To improve
outcomes of these patients CR services need to be optimally
utilized and the protocols modified to cater for frail patients
and tomonitor their progress over the course of the treatment
[106].

5. Limitations

Our literature review has several limitations and weaknesses.
First of all, it was not designed as a meta-analysis or
systematic review, so results of our study have lower evidence
level. We searched only one database and used informal and
subjective methods for studies inclusion and quality check.
A quality assessment of the included studies would have
strengthened our study.

What is more, we failed to find concrete and practical
answers for research questions that were raised in the begin-
ning of the study. We could only provide existing situation
and try to find possible goals for future studies.

6. Conclusions

Frailty assessment in CR settings should be based on func-
tional, objective tests and should have similar components as
tools for risk assessment (mobility, musclemass and strength,
independence in daily living, cognitive functions, nutrition,
and anxiety and depression evaluation). Participating in
comprehensive exercise-based CR could improve short- and
long-term outcomes in frail VHD patient. Comprehensive
CR not only should include exercise training, psychological
interventions, and improvement in nutrition but also could
prevent, restore, and reduce the severity of frailty as well as
improving outcomes for frail VHD patients.
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cardiovascular function following transcatheter aortic valve
implantation based on six-minute walk test,” Cardiology Jour-
nal, vol. 24, no. 2, pp. 167–175, 2017.

[105] S. K. Berg, A.-D. Zwisler, B. D. Pedersen, K. Haase, and K.
L. Sibilitz, “Patient experiences of recovery after heart valve
replacement: Suffering weakness, struggling to resume normal-
ity,” BMC Nursing, vol. 12, no. 1, 2013.

[106] M. Singh, R. Stewart, and H. White, “Importance of frailty in
patients with cardiovascular disease,” European Heart Journal,
vol. 35, no. 26, pp. 1726–1731, 2014.

[107] R. A. Nishimura, C. M. Otto, R. O. Bonow et al., “2014
AHA/ACC guideline for the management of patients with
valvular heart disease: executive summary: a report of the
American college of cardiology/American heart association
task force on practice guidelines,” Journal of the American
College of Cardiology, vol. 63, no. 22, pp. 2438–2488, 2014.

[108] A. Vahanian, O. Alfieri, and F. Andreotti, “Guidelines on the
management of valvular heart disease (version 2012),” European
Heart Journal, vol. 33, no. 19, pp. 2451–2496, 2012.

[109] M. Mack, “Frailty and aortic valve disease,” The Journal of
Thoracic and Cardiovascular Surgery, vol. 145, no. 3, pp. S7–S10,
2013.

[110] T.M.Gill, E. A.Gahbauer,H.G.Allore, andL.Han, “Transitions
between frailty states among community-living older persons,”
JAMA Internal Medicine, vol. 166, no. 4, pp. 418–423, 2006.

[111] J. M. Forman, L. M. Currie, S. B. Lauck, and J. Baumbusch,
“Exploring changes in functional status while waiting for
transcatheter aortic valve implantation,” European Journal of
Cardiovascular Nursing, vol. 14, no. 6, pp. 560–569, 2015.
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Climate change is predicted to bring about a greater variability in weather patterns with an increase in extremeweather events such
as sustained heat waves. This change may have a direct impact on population health since heat waves can exceed the physiological
limit of compensability of vulnerable individuals. Indeed, many clinical reports suggest that individuals over the age of 60 years are
consistently the most vulnerable, experiencing significantly greater adverse heat-related health outcomes than any other age cohort
during environmental heat exposure. There is now evidence that aging is associated with an attenuated physiological ability to
dissipate heat and that the risk of heat-related illness in these individuals is elevated, particularly when performing physical activity
in the heat.The purpose of this review is to discuss mechanisms of thermoregulatory control and the factors that may increase the
risk of heat-related illness in older individuals. An understanding of the mechanisms responsible for impaired thermoregulation
in this population is of particular importance, given the current and projected increase in frequency and intensity of heat waves,
as well as the promotion of regular exercise as a means of improving health-related quality of life and morbidity and mortality. As
such, the clinical implications of this work in this population will be discussed.

1. Introduction

In the context of climate change, global surface temperatures
are rising and the frequency, duration, and intensity of heat
waves are projected to increase in the coming decades [1].
In countries like Australia, heat waves have been identified
as being responsible for more deaths than all other types of
natural disasters combined [2]. Around the world, over the
past 20 years heat waves have led to extremely high levels
of excess morbidity and mortality [3–5]. A classic example,
and perhaps the most severe, is the 2003 Western European
heat wave where an estimated 13,700 people died in France
as a result of the increase in temperature [6]. In light of
these events, climate change clearly poses a global threat
of considerable magnitude for human health, the incidence
of which is projected to increase especially in vulnerable
populations.

Elderly individuals, particularly those who are over the
age of 60 years, are one of the most vulnerable populations

during environmental heat exposure, experiencing signif-
icantly greater adverse heat-related health outcomes than
any other age cohort [7, 8]. Indeed, there is now evidence
showing that older individuals have impaired thermoreg-
ulatory control [9–12] and that the risk of heat-related
illness in these individuals is elevated, particularly when
performing physical activity in the heat [13, 14]. Although
regular physical activity leads to a reduction in health-
related morbidity and mortality, individuals who do not have
regular access to temperature-controlled exercise training
facilities (i.e., gymnasiums) and/or in-home air-conditioning
are therefore more likely restricted to performing physical
activity outside of formal exercise training programs, which
can take place under a range of environmental conditions,
including outdoors in a warm environment (particularly in
the summer months). Whilst current guidelines provide a
general overview of the risk of exertional heat-related illness
for younger individuals and athletic populations [15, 16],
there are no public health recommendations for performing
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physical activity in the heat specifically for older individuals.
In this brief review, we describe the normal thermoregu-
latory mechanisms and how these may be altered in older
individuals. Additionally, the clinical relevance of this work
is discussed; this is particularly relevant given that climate
change, coupled with an aging population, is exposing an
increasingly greater number of individuals, including those
with chronic heart and lung disease, to the risks of heat-
related morbidity and mortality.

2. Thermoregulatory Control

Humans maintain a relatively stable core body temperature
of ∼37∘C despite being exposed to a wide variety of envi-
ronmental conditions. Maintaining core body temperature
within a safe, narrow range (i.e., between 35 and 39∘C)
ensures that metabolic reactions within the human body
occur at a near-optimal level when possible [17]. When
humans are exposed to heat stress (i.e., elevated environ-
mental temperatures, physical activity, or a combination of
both), the thermoregulatory system engages a number of
physiological mechanisms to maintain heat balance. That is,
the internal heat produced by cellular respiration (metabolic
heat production [Hprod]) is balanced out by the rate of
heat that is lost from the skin surface to the surrounding
environment through a combination of dry (conduction,
convection, and radiation) and evaporative heat exchange
(Figure 1, Panel (a)) [18, 19]. Increases in metabolic and
muscular activity cause a rise in Hprod which is due to the
inefficiency of the metabolic reactions required to provide
energy to the working muscles [20]. Muscular contraction is
extremely inefficient with approximately 80% of the energy
generated produced as heat [21]. As such, the change in core
body temperature secondary to the additional heat energy
stored inside the body provides thermal afferent impulses to
the central nervous system [22], which subsequently sends
efferent signals to appropriate effector organs to initiate
sustained increases in sweating and skin blood flow (SkBF)
ensuring that core body temperature is maintained within
safe limits.

In accordance with the fundamental heat balance theory
[18], core body temperature will continue to rise if heat
imbalance persists, whereby sweating and SkBF responses are
not able to facilitate the required rate of heat loss during
environmental and/or physical activity-induced heat stress
(Figure 1, Panel (b)) [13]. Extended periods of heat stress
can increase the likelihood of heat-related illness (particularly
in older individuals) [13]. Major heat-related conditions,
including heat stroke which is characterized as a severe
elevation in body temperature that causes body tissue and
central nervous system dysfunction [23, 24], all result from
insufficient heat loss from the body.

In recent years, the changes in thermoregulatory control
with aging have received some attention [13, 25–27]. These
changes have been attributed to a combination of factors
including alterations in sweating and SkBF (detailed below).
Aside from these well-documented age-related changes,
alterations in cardiovascular function with comorbid dis-
ease such as heart and lung disease can also contribute to

altered thermoregulatory control in the older individual,
particularly during exercise. Therefore, to maintain heat
balance an optimally functioning thermoregulatory system
is essential for humans to respond appropriately to envi-
ronmental and/or physical activity-induced thermal chal-
lenges.

3. Age-Related Changes in Sweating

In humans, the thermoregulatory response with the greatest
capacity for heat loss during environmental heat exposure
and physical activity is the evaporation of sweat [29]. Under
conditions permitting complete evaporation (i.e., when the
maximal evaporative potential within a given environment
does not limit an individual’s ability to achieve heat balance),
evaporation is the primary mechanism for heat loss [29, 30],
with just one gram of sweat liberating 2426 J of heat energy
upon evaporation [31]. To date, evidence suggests that older
individuals exhibit alterations in sweating during heat stress
compared to younger, gender-matched individuals [7, 11, 12,
27, 32–35]. A common finding amongst studies is that older
individuals demonstrate a delayed core temperature onset
threshold for sweating and a reduction in evaporative heat
loss (due to a lower overall sweat rate) compared to their
younger healthy counterparts. These age-related decrements
in sweating do not appear to be due to a reduction in the
number of activated sweat glands, but rather to a reduction in
the amount of sweat produced per gland, as shown by studies
in which sweat glands were pharmacologically stimulated
[35, 36]. The decrease in sweat gland output with aging
may reflect age-related changes in sweat glands themselves
(sweat gland atrophy) or a decrease in cholinergic sensitivity
[37]. Moreover, additional findings indicate that regional
differences in sweat gland function exist between older and
younger groups [38]. Indeed, greater age-related effects have
been commonly reported for sweat gland function on the
forehead and limbs when compared to sweat glands located
on the trunk. In light of these findings, it has been suggested
that sweat gland function may decline in a peripheral-to-
central direction as skin ages [27].

With respect to examining sweating responses during
exercise in the heat, Kenney andAnderson [39] demonstrated
that local sweat rate was less in older individuals than their
younger counterparts during exercise at a relative intensity
(40% ofmaximal oxygen uptake) in the heat. Tankersley et al.
[40] and Inbar et al. [14] demonstrated that local and whole-
body sweat rate was lower in older individuals compared
to younger individuals during exercise at 65% and 50% of
maximal oxygen uptake, respectively, in a hot (30∘C and 41∘C,
respectively) environment. The attenuated evaporative heat
loss capacity found in older individuals results in greater heat
energy stored inside the body which can cause core body
temperature to rise to potentially dangerous levels. Whilst
these findings [14, 39, 40] support the above evidence in that
the capacity to produce sweat during heat stress decreases
with advancing age, it must be noted that differences in
biophysical properties (body mass and surface area, and
absolute external work load) associated with Hprod were not
controlled in these studies.
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Figure 1: (a) At rest, the rate of Hprod (solid line) is balanced out by the rate of Hloss (dotted line), a combination of evaporative and dry heat
exchange. At the onset of exercise, Hprod rapidly rises reaching a steady state within 5min. Due to the delay in the onset of Hloss responses,
Hloss does not immediately balance the rate of Hprod resulting in net heat storage. The additional heat energy stored inside the body initiates
increases in sweating and skin blood flow to increase Hloss and achieve heat balance to prevent a continuing rise in core temperature (dashed
line). (b) When heat balance cannot be achieved, core temperature will continue to rise to potentially dangerous limits and not plateau, due
to limited Hloss capacity; the rate of Hloss required to achieve heat balance is greater than the maximum capacity for heat dissipation. Hprod :
metabolic heat production; Hloss: net heat loss.

Recent studies have shown that biophysical differences
can independently influence sweating responses, particularly
during exercise [29, 41–44]. For example, an individual with
a small body surface area would require a greater amount of
sweat to be produced per unit body surface area to achieve
the same absolute rate of evaporation compared with an
individual with a larger body surface area. This is consistent
with the findings of Cramer and Jay [41], who demonstrated
that local sweat rate was significantly higher in individuals
with a smaller body surface area (∼1.8m2) compared with
individuals with a larger body surface area (∼2.1m2) during
exercise at any given fixed rate of evaporative requirement
and thus Hprod. Hence, it is difficult to determine whether
the aforementioned findings are due to aging per se [14, 39,

40] or can be purely ascribed to between-group biophysical
differences associated with Hprod. In this regard, given the
clear independent influence of biophysical properties on ther-
moregulatory control, future studies should look to perform
a more comprehensive examination of thermoregulatory-
induced sweating during exercise in this vulnerable popu-
lation, whereby all between-group differences in biophysical
factors have been accounted for (i.e., Hprod and body mass
and surface area).

4. Age-Related Changes in Skin Blood Flow

In addition to evaporative heat loss, the ability to adjust
cutaneous vasomotor tone provides an effective means of
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managing a thermal load by redistributing cardiac output to
modulate SkBF [45]. Indeed, this allows for the convective
transfer of heat content within the circulatory system from
the core to the periphery. These responses enable the distri-
bution of internal heat content amongst various tissues in
the body, as well as potentially raising skin temperature to
facilitate increases in dry heat loss or minimise the rate of dry
heat gain when the gradient for dry heat exchange is reversed
(provided that the ambient temperature was greater than
skin temperature) at a given ambient temperature. Therefore,
the thermoregulatory-induced redistribution of blood flow
to the skin is seen as a fundamental thermoregulatory
response [46]. A common finding amongst studies that have
examined thermoregulation in healthy aging to date is that
older individuals demonstrate impaired heat-induced rises
in SkBF compared to their younger counterparts [10, 11, 25,
26, 47–49]. Whilst aging does not appear to independently
influence the onset threshold for cutaneous vasodilation
(and accompanying changes in SkBF) [13], studies have
consistently shown that older individuals exhibit attenuated
increases in SkBF for a given change in core temperature,
as well as lower time-dependant changes in SkBF compared
to younger individuals [10, 11, 25, 26, 47–49]. This impaired
cutaneous vascular response to heat stress reported in the
aforementioned studies is observed even when older and
younger individuals are matched for aerobic fitness, acclima-
tion, and hydration status, suggesting that this is a primary
function of human aging.

Whilst passive heat exposure stimulates increases in SkBF,
it must be acknowledged that the combination of heat stress
and exercise can further challenge the human cardiovascular
system [50]. As such, the maintenance of blood pressure and
skeletal muscle perfusion, in the face of increases in SkBF to
meet thermoregulatory demands, necessitates an increase in
cardiac output and redistribution of blood flow from inactive
regions including the renal and splanchnic circulations [46].
In light of this, the combined independent demands from the
skin, active skeletal muscle (both locomotor and respiratory),
and blood pressure regulation will likely exceed available
cardiac output [45]. In keeping with this suggestion, previous
work has demonstrated that SkBF plateaus at ∼60% of its
maximum during exercise in the heat in healthy young
individuals [51]. This is likely the result of a baroreceptor
reflex-mediated control of SkBF imposed by exercise-induced
metabolic demands to redistribute blood flow away from the
cutaneous circulation to maintain optimal skeletal muscle
and cerebral perfusion and blood pressure regulation [52].
If SkBF was to continue rising unabated during exercise,
blood pressure would potentially fall which may then lead to
a catastrophic perfusion failure of vascular beds. With such
changes evident in apparently healthy young individuals, it
may be argued that cardiovascular and thermal strain would
be exacerbated to a greater extent in older individuals when
exercising in a hot environment. The fact that SkBF responses
during exercise in the heat are diminished to a much greater
extent in older individuals compared to younger individuals,
thereby negatively affecting heat content distribution and
possibly evenheat loss capacity in this population, lends some
support to this suggestion [25].

Over the past several years, a number of researchers have
examined the mechanisms underlying age-related impair-
ments in cutaneous vasomotor control [9, 10, 13, 26, 38,
53–60]. From these investigations, it has been recognised
that impairments in the mechanisms mediating cutaneous
vasomotor control occur at multiple sites along the efferent
arm of the sympathetic nervous system. These impairments
include reductions in sympathetic cholinergic cotransmitter
release, alterations in downstream signalling for vascular
endothelial function, and attenuation in heat stress-induced
sympathetic neural drive. Furthermore, it is important to note
that age-related alterations in cardiovascular function and
fluid status can also contribute to impaired SkBF responses
during heat stress in older individuals. These age-related
factors are discussed in greater detail below.

Thermoregulatory-induced rises in SkBF are primarily
mediated by a sympathetic cholinergic active vasodilator
system [61, 62]. Active cutaneous vasodilation is mediated
through the release of acetylcholine and unknown cotrans-
mitters, which facilitate cutaneous vasodilation through NO-
dependant mechanisms [61, 62]. Studies have shown that
older individuals exhibit an impaired vasodilatory response
to hyperthermia and can be attributed to decreased sensitivity
of the active vasodilator system [60, 63]. This decreased
sensitivity of the active vasodilator system results in reduced
cotransmitter signalling and, thus, attenuated NO-dependent
cutaneous vasodilation. Hence, compared to younger indi-
viduals, older individuals predominately rely on compro-
mised nitric oxide- (NO-) dependant cutaneous vasodilation
to increase SkBF in response to environmental heat exposure
and/or physical activity [54, 56, 57]. Furthermore, increases
in skin and core body temperature elicit robust increases in
skin sympathetic nerve activity in young healthy individuals
[64]. However, when compared to young individuals, Stan-
hewicz et al. [58] not only demonstrated that older indi-
viduals exhibit less sympathetic outflow to the skin during
passive heat stress, but also have an attenuated vasodilator
response for a given increase in skin sympathetic nerve
activity. These findings are consistent with that of Grassi et al.
[53] who showed that skin sympathetic nerve activity mod-
ulation from mild changes in ambient temperature (±8∘C)
is markedly reduced in older individuals. Since increases
in skin sympathetic nerve activity are thought to drive
cutaneous vasodilator responses, overall these studies suggest
that differences in sympathetic activity may contribute to the
altered SkBF response observed in older individuals during
heat stress.

Previous studies have also examined the cardiovascular
response to heat stress. Findings from these studies have
shown that capillary density in aged skin is reduced [65, 66]
and that age-related reductions in SkBF are secondary to less
cardiac output and blood flow redistribution from inactive
visceral areas such as the renal and splanchnic circulations
[26]. Minson et al. [26] demonstrated that smaller heat-
induced rises in cardiac output were primarily due to a
lower stroke volume, since the older individuals were able
to increase their heart rate to a similar extent as the young
individuals during passive heat stress. Similarly, Gagnon
et al. [59] demonstrated that older individuals exhibit a
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lower cardiac output during passive heat stress compared to
younger individuals. However, these authors reported that
the Frank-Starling relation appropriately shifts during passive
heat stress in older individuals, resulting inmaintained stroke
volumedespite reductions in cardiac filling pressures and that
the lower cardiac output observed was primarily mediated
by a blunted heat-induced chronotropic response [59]. At
present, the explanation for the differing findings between
Minson et al. [26] and Gagnon et al. [59] is unclear; however,
it may be that methodological differences between studies
were responsible, as previously discussed [59].

In addition to the above, it has previously been proposed
that less cardiac output and blood flow redistribution during
heat stress may be due to age-related changes in fluid
status [49, 67, 68]. Indeed, studies have shown that older
individuals exhibit decrements in thirst sensation [69, 70],
and renal sodium- and water-conserving capabilities decline
with advancing age [71]. As such, these findings suggest that
the capacity to accommodate large increases in intravascular
blood volume and that the amount of blood available to
circulate through the cutaneous vasculature are limited in
older individuals compared to their younger counterparts.
Taken together, this would imply that older individuals have
an impaired ability to redistribute internal heat content
amongst various tissues in the body and that internal heat
storage is concentrated more toward the body core during
heat stress.

5. Thermoregulation, Fitness, and Aging

Common practice for studies isolating the independent effect
of a particular physiological factor (e.g., age) on thermoreg-
ulation during exercise is to match groups for peak oxygen
uptake (V̇O2peak) and/or prescribe exercise using relative
workloads [14, 25, 39, 40, 48, 72]. The rationale to use such
a protocol is based on the original findings of Saltin and
Hermansen [73], who demonstrated that exercise at the same
%V̇O2peak yielded similar core body temperature responses
in young healthy individuals, irrespective of aerobic capacity.
Later in 1989, Greenhaff [74] also reported smaller changes
in core body temperature during exercise at a fixed absolute
intensity in young fit (V̇O2peak: 60-65ml/min/kg) compared
to unfit (V̇O2peak : 40-45ml/min/kg) individuals. Similar
findingswere further observed by Fritzche andCoyle [75] and
Gant et al. [76] during exercise at a fixed%V̇O2peak in a similar
climate (∼23∘C). Collectively, these findings have led to the
long-held notion that interindividual variability in core body
temperature regulation during exercise is eliminated when
the exercise intensity is expressed as a %V̇O2peak [77].

Over the last 15 years, there has been a paradigmatic
shift from the concept that core body temperature is driven
according to %V̇O2peak, to an appreciation that the use
of a fixed %V̇O2peak protocol leads to different rates of
Hprod between independent groups who are not matched
for absolute V̇O2peak [41, 42]. Accordingly, the participant
group with the higher V̇O2peak generates a greater level of
Hprod during exercise at a fixed %V̇O2peak. As such, a greater
rate of net heat loss is required to offset the greater rate of

Hprod elicited by the experimental protocol [29]. Consistent
with this suggestion is that greater sweat rates are commonly
reported with increasing levels of fitness when exercise is
prescribed at a fixed %V̇O2peak [40, 78–80]. As such, previous
studies that used a%V̇O2peak approachmight have incorrectly
ascribed differences in thermoregulation to the physiological
factor that was thought to be isolated/under investigation
(e.g., age) [14, 25, 39, 40, 48, 72], when different rates of Hprod
and, thus, requirements for heat loss may instead have been
accountable.

In accordance with this theory, Jay et al. [42] examined
the change in core body temperature during exercise at a fixed
%V̇O2peak and at a fixed absolute exercise intensity (and thus
requirement for heat loss) in fit (V̇O2peak: ∼60ml/kg/min)
and unfit (V̇O2peak : ∼40ml/kg/min) men matched for age
(∼22 y) and bodymass (∼78 kg).These authors demonstrated
that the changes in core body temperature and sweat rates
were greater in the fit group compared to the unfit group
during exercise at 60% V̇O2peak. In contrast, the changes in
core body temperature and sweat rates were similar between
groups during exercise at a fixed absolute exercise intensity
(despite large differences in the relative exercise intensity).
These findings support those of a classic study by Nielsen [81]
who demonstrated that changes in core body temperature
were determined by the absolute exercise intensity (and
thus Hprod), irrespective of aerobic fitness. Therefore, these
findings suggest that the individual level of fitness may
not influence one’s ability to regulate changes in core body
temperature during exercise.

It must be acknowledged that the findings of Jay et
al. [42] can only be applicable to younger individuals who
likely exhibit no physiological impairment in their ability
to regulate changes core temperature. Given that there is
evidence suggesting that older individuals exhibit impaired
thermoregulation during exercise compared to their younger
counterparts [14, 25, 39, 40, 48, 72], itmust be noted that these
studies used a %V̇O2peak protocol. Therefore, it is difficult
to determine whether the reported findings in these studies
are due to aging per se [14, 25, 39, 40, 48, 72] or are simply
ascribed to differences in the absolute Hprod and heat loss
requirements, secondary to the use of a %V̇O2peak protocol.
In this regard, it is surprising that no study to date has used
a similar experimental protocol as that described by Jay et
al. [42] to elucidate the true independent influence of age
and fitness on thermoregulatory responses during exercise.
Hence, we believe that this is an area that requires further
examination.

6. Clinical Implications of Age-Related
Decrements in Thermoregulatory Control

In the preceding sections we have clearly identified that
elderly individuals exhibit diminished sweating and SkBF
responses during environment and/or physical activity-
induced heat stress compared to their younger counterparts.
As such, elderly individuals are likely limited in their ability
to manage a thermal load secondary to a lower evapora-
tive heat loss capacity and/or impairments in internal heat
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distribution. Based on the available evidence, we suspect that
a lower sweat output per gland for a given level of cholinergic
stimulation [35–37], as well as impaired intrinsic vasodilator
pathways combined with a reduced cardiac reserve [25, 26,
65, 66], may contribute to this response in these individuals.

An important challenge for this field of research, and per-
haps the most imperative, is to avoid older individuals from
becoming discouraged from partaking in regular exercise
[82]. Indeed, the health benefits associated with exercise still
far outweigh the consequences of not performing exercise
purely as ameans to escape the potentially detrimental effects
of hot weather [82]. Whilst current public health guidelines
provide information on recommended levels of physical
activity with associated long- and short-term beneficial out-
comes, there are no recommendations regarding the levels
of physical activity specifically for older individuals that can
be safely performed in the heat (i.e., the summer months
and bouts of hot weather) [15, 16]. Therefore, we believe
there is urgent need for the development of public health
recommendations for performing physical activity in the heat
for older individuals, as well as future studies for developing
strategies that enable older individuals’ to optimally regulate
their body temperature whilst performing routine physical
activity.

In regard to strategies that may mitigate harmful ele-
vations in heat strain, regular exercise training is known
to improve several physiological parameters critical to ther-
moregulation. Indeed, exercise training has proven effective
in improving cardiac [83, 84], autonomic [85], and vascular
endothelial function and accompanying changes in blood
flow distribution in older healthy individuals [86, 87]. As
such, one may speculate that whilst exercise training is not
only important for improving clinical health outcomes and
preventing the onset of chronic disease [88], regular exercise
training may also be important for maintaining and/or pre-
venting the age-related decline in thermoregulatory control.
In keeping with this suggestion are the findings of Inoue et al.
[36] who demonstrated that regular exercise training slows
the age-related decline in heat loss effector function, whereby
sweat gland output in response to cholinergic stimulation is
greater in fit older individuals compared to unfit older indi-
viduals. Moreover, plasma volume expansion with exercise
training may allow for a larger heat-induced rise in cardiac
output to facilitate a greater redistribution of blood flow
to the skin and optimize heat content distribution amongst
peripheral tissues [89]. Indeed, additional findings from
Thomas et al. [90] andOkazaki et al. [48] showed that the core
body temperature onset threshold for SkBF and sweating was
improved in older men following both aerobic and resistance
exercise training. From a thermoregulatory, these findings
suggest that exercise training may improve thermoregulatory
control, by augmenting heat-induced SkBF and sweating
responses and thus potential internal heat distribution and
evaporative heat loss capacity in older individuals.

Similar to regular exercise training, studies have reported
that consecutive days (typically >6 days) of passive heat
exposure (above 40∘C for a minimum of 60min) resulted in
physiological adaptation to heat stress in older individuals [11,
36, 91, 92]. Physiological changes observed in these studies

for older individuals included a lower core temperature onset
threshold for sweating and SkBF, enhanced sweating and
SkBF for a given absolute core body temperature, and reduced
core body temperatures. In keeping with these findings, Best
et al. [93] demonstrated that the reduction in resting core
body temperature and increased SkBF and sweat production
following 6 consecutive days of heat acclimation (60min,
40% relative humidity) in older cyclists were similar to
that observed in younger cyclists. These findings suggest
that even older individuals who are habitually active can
achieve similar physiological adaptations during consecutive
bouts of heat stress as younger individuals. Whilst the
above findings highlight the beneficial effect of acclimation
on thermoregulatory control, Kohara et al. [94] recently
reported that the age-related decline in vascular endothelial
function, as evidenced by lower brachial artery pulse wave
velocity, is attenuated in individuals who undertake a hot
(>41∘C) water bath compared to those who undertake a
warm (<40∘C) water bath more than 5 times per week
(over four years). Moreover, a large cohort study (n =
2327) demonstrated that repeated whole-body heat exposure
is associated with a marked reduction (∼5 fold) in fatal
cardiovascular and all-mortality events in men aged 42-60
years [95].

In addition to the above, it has previously been hypothe-
sised that dietary supplements such as folic acid and nitrate
(beetroot juice) and the use of electric fans might be bene-
ficial in protecting against heat-related strain in those with
thermoregulatory dysfunction [96]. Although theoretical
at this time point, future studies are needed to examine
the implications of these strategies directly in vulnerable
populations. Indeed, this information would be invaluable
given that climate change is predicted to bring about a greater
variability in weather patterns with an increase in extreme
weather events such as sustained heat waves [3, 97–99].
This, combined with the rising costs of electrical energy,
which could make affordable electronic cooling devices (air-
conditioning units) inaccessible to low-income individuals
[3, 100, 101], could have a direct impact on population health
since heat waves and/or bouts of hot weather can potentially
exceed the physiological limit of compensability of vulnerable
individuals, particularly the elderly.

7. Comorbid Disease and
Thermoregulatory Control

Impaired thermoregulatory responses should be considered
in older individuals as they may contribute to heat-related
illness and, therefore, adversely impact upon health outcomes
during everyday activities, including exercise, particularly
during bouts of hot weather. Indeed, identifying potential
thermoregulatory dysfunction during exercise in older indi-
viduals is important for a variety of reasons. There is now
evidence that regular physical activity in this population
increases exercise capacity and health-related quality of life
and improvesmorbidity andmortality [15, 16]. However, with
potentially suboptimal heat management capabilities, older
individualsmay becomediscouraged or evenprevented, from
participating in regular exercise, resulting in an increased risk
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Figure 2: Trec (a), CVC (b), and LSR (c) values recorded at 10-min intervals during the submaximal cycling test. Hprod: metabolic heat
production; Trec: rectal temperature; CVC: cutaneous vascular conductance; LSR: local sweat rate. Data are mean ± standard error of the
mean. †Significant group-time interaction, p < 0.05. Figure adapted from Balmain et al. [28].

of developing chronic heart and lung disease and hence a
poorer health-related quality of life.

Risks for heat-related illness are compounded for peo-
ple with cardiovascular disease. Notably, we have recently
demonstrated that thermoregulatory responses in individuals
with heart failure differ from age-matched (∼61 yr) healthy
controls during exercise in a warm environment [28, 96,
102]. When exercising at the same rate of Hprod in a warm
environment (30∘C), we found that heart failure patients
have a greater rise in core temperature compared to healthy
controls (Figure 2, Panel (a)). Although sweating responses

were preserved in heart failure (Figure 2, Panel (b)), cuta-
neous vascular conductance was greatly attenuated (due to
a lower rise in SkBF) in these patients relative to healthy
controls (Figure 2, Panel (c)). As such, patients with heart
failure have a greater susceptibility to heat strain (greater
rise in core body temperature) for a given combination of
activity and climate compared to their age-matched healthy
counterparts, secondary to poorer circulation to the periph-
ery [96].Therefore, our results suggest that thermoregulatory
dysfunction and the associated risk of heat-related illness are
compounded for people with heart failure.
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It is important to note that studies examining ther-
moregulatory control in heart failure to date have included
patients who continued with standard therapy [28, 51, 102–
107]. Beta-blockade is a standard, first-line therapy for heart
failure, which may possibly contribute to the lower rise in
SkBF in these patients, particularly since younger individ-
uals taking beta-blockers exhibit attenuated SkBF responses
during exercise in the heat [108]. Moreover, diuretics may
also influence thermoregulation. In healthy individuals, the
use of diuretics has been associated with attenuated SkBF
responses secondary to a reduction in plasma volume [109].
As such, patients with heart failure taking diuretics may
impair thermoregulatory control during periods of heat
stress. The fact that fluid status is also a fine balance in
heart failure may predispose these patients to heat-related
illness, should they become dehydrated, particularly during
an exercise challenge [96].

Similar to individuals with heart failure, a number of
clinical reports suggest that individuals with chronic lung dis-
ease, including asthma and chronic obstructive pulmonary
disease, may be particularly vulnerable to heat-related illness
during environmental heat exposure [110–113]. In addition,
Jehn et al. [114] recently demonstrated that exposure to heat
stress is associated with worse symptoms and a reduction in
physical activity levels in individuals with pulmonary arterial
hypertension. Whilst it appears that individuals with chronic
lung disease are at a greater risk of heat-related morbidity and
mortality, there is no evidence to date suggesting whether
this is due to physiological impairments in the regulation
of body temperature as a result of chronic conditions or
simply can be ascribed to changes in air quality that typically
accompany bouts of hot weather [115, 116]. Hence, we believe
that thermoregulation in the context of chronic lung disease
is an area that requires further examination.

8. Conclusion

Recent observations clearly show that older individuals
are susceptible to heat-related illness during environmental
and/or physical activity-induced heat stress. This increased
susceptibility appears to be mediated by diminished heat-
induced increases in sweating and SkBF responses. Based on
this evidence, aging is clearly associated with an attenuated
physiological ability to dissipate heat. It is also important to
note that with an aging population and the projected conse-
quences of global warming, a greater number of individuals,
including those individuals with chronic heart and lung
disease, will be exposed to the risks of heat-related morbidity
and mortality in the coming decades. Hence, scope exists
for further studies examining mechanisms of temperature
regulation in the elderly to optimize the management of these
vulnerable individuals when exposed to heat stress. Indeed,
participation in physical activity is likely to be enhanced if
environmental heat stress does not pose a significant barrier
or safety concern for such individuals.
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Background. Several factors have previously been identified to positively influence the uptake and adherence for fall prevention
exercise programmes. There is, however, a lack of studies investigating if men and women differ in their views and preferences for
fall prevention exercises. Aim. To explore exercise preferences and motivators of older community-dwelling women and men in
the context of falls prevention from a gender perspective.Methods.Workshops including multistage focus group discussions were
conducted with 18 older community-dwelling people with and without history of falls. Participants were purposively selected and
divided into two groups. Each group met on six occasions over a period of five months. Participatory and Appreciative Action
and Reflection methodology was used to guide the discussions. A qualitative content analysis approach was used in the analysis.
Results. Older participants had many diverse preferences and confirmed that individually tailored exercise, in terms of mode,
intensity, challenge, and social context, is important. Moreover, important factors for exercise adherence andmaintenance included
the experience of individual confirmation; different spirit lifters to increase enjoyment; and personal tricks to maintain exercise
routines. The individual differences within genders were more diverse than the differences between women and men. Conclusion.
Exercise interventions to prevent falls should be individually tailored, based on the specific needs and preferences of the older
participant, and do not appear to require gender specific approaches. To increase adherence, intrinsic motivation for exercise may
be encouraged by competence enhancing confirmations, energizing spirit lifters, and practical tips for exercise maintenance. The
study provides an awareness about women’s and men’s preferences for fall prevention exercises, and this information could be used
as guidance in designing inclusive exercise interventions.

1. Introduction

Globally, accidental falls are a major public health problem
and the second leading cause of unintentional injury deaths
worldwide. Each year 37.3 million falls require medical atten-
tion, and adults older than 65 years of age suffer the greatest
number of fatal falls [1]. At least one-third of community-
dwelling people aged 65 years and above fall every year,
and the incidence increases with advancing age and fragility
level [2]. In Sweden, falls are the most common cause of

injury in old age that leads to deaths, hospitalizations, and
visits to emergency services. In the age group over 80 years,
nine out of ten injuries are caused by a fall [3]. As the
proportion of older people is rising globally, the individual
and societal costs associated with falls will increase. The
prevention of falls is therefore an urgent public health
challenge.

Intervention programmes that focus on balance com-
bined with muscle strength in the lower limbs are effective
in addressing risk and rate of falling [4, 5]. Despite this,
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many older people are reluctant to adopt fall prevention
exercise due to factors such as underestimation of falls risk,
poor self-efficacy, fear of falling, or stigma associated with
exercise for older people [6]. According to a systematic
review, only 64% accepted the invitation to join the exercise
programme and 19% then dropped out when they learned
what the intervention entailed [7]. Moreover, around 77%
of the participants in fall prevention exercise studies are
women [8]. Instead of participation in exercise, many older
people choose individual coping strategies, tailored to their
particular circumstances, to avoid future falls, or simply
discontinue activities that would involve a risk of falling
[9]. Poor adherence is associated with low education (<
high school), living in a disadvantaged neighbourhood, being
obese, having fair/poor self-rated health and having problems
with walking or using a walking aid, and a history of falls
[10, 11].

Several factors have been identified that positively influ-
ence the uptake and adherence for fall prevention exercise
programmes, including facilitators such as support from
professionals or family, social interaction, perceived benefits,
a supportive exercise context, feelings of commitment, and
having fun. However, there is still a lack of studies investi-
gating preferences for specific programme characteristics that
may attract older people bymaking exercise interesting, chal-
lenging, and enjoyable [12]. Additionally, in previous studies
investigating preferences, more than 75% of the participants
have been women and very few studies have investigated if
men and women differ in their views and preferences for fall
prevention exercises [12]. Unconscious preunderstandings
and expectations of how older men and women would prefer
to exercise may lead to unnecessary gender bias [13]. In order
to identify factors that attract both older women and men to
fall prevention exercise programmes, as well as increasing the
awareness and knowledge among professionals who deliver
these exercise programmes, there is a need to identify if older
women and men differ in their views and preferences about
exercising. The aim of this study was, therefore, to explore
exercise preferences and motivators of older community-
dwelling women and men in the context of falls prevention,
from a gender perspective.

2. Methods

This study is based on workshops including multistage focus
group discussions [14] held with older people as part of
a larger participatory action research project, aiming to
develop an evidence-based, cocreated, fall prevention dig-
ital exercise programme [15]. The checklist from the 32-
item COREQ (consolidated criteria for reporting qualitative
research) [16] was used when designing and reporting the
study.The studywas approved by the Regional Ethical Review
Board (Dnr. 2012-170-31M).

2.1. Participants andRecruitment. Participantswere recruited
from seven senior citizen organisations. Thirty-eight older
adults volunteered to be contacted by telephone and
interviewed to inform a purposive sample consisting of
community-dwelling women and men of at least 70 years of

age. Sampling aimed to achieve a heterogeneous group with
respect to exercise habits, living conditions, and experiences
of falls, with 30% having a fall in the previous 12 months
(reflecting population epidemiology). Eighteen participants
(10 women and 8men) were finally included in the study; one
woman chose to end her participation after four meetings.
The mean age of the participants was 74.6 ± 3.5 years.
The majority of the participants were former white-collar
workers and, in general, have self-reported being moderately
physically active. Two couples were deliberately involved in
the project. Four participants lived alone and 14 lived with
partners (Table 1).

The participating researchers formed a cross-disciplinary
group from the disciplines physiotherapy, informatics, exer-
cise physiology, and computing sciences. The group included
experts in e-health, falls prevention, and gender research.
All researchers were women. None of the researchers had
any preexisting relationship with the participants and they
all introduced themselves and their role in the project at the
beginning of the process.

Prior to the first meeting, the participants were divided,
by the researchers, into two separate groups with similar
disposition regarding age, background, and gender. One of
the married couples was placed in each group. Before the
first focus group discussion, the participants signed a written
informed consent.

2.2. Data Collection. Data was collected through six work-
shops including multistage focus group discussions [14] with
each group. Each workshop was held at a community centre
and lasted for 2.5 hours, including a short refreshment
break. All focus group discussions were conducted in a pos-
itive atmosphere inspired by Participatory and Appreciative
Action and Reflection (PAAR) methodology [17]. The PAAR
methodology is a form of Appreciative Inquiry, meaning
that it focuses on positive experiences rather than problems.
According to this methodology the focus group discussions
aimed to understand the root causes of the older participant’s
positive experiences of and preferences for exercises. The
focus was on accomplishments, strengths, and understanding
the causes of success, so that these causes could be better
understood and augmented. In this way the discussions
were not preoccupied by problem solving or by changing
negative behavior. This appreciative form of inquiry aims to
create an open, positive, and encouraging climate during the
discussions.

In order to stimulate the discussions within the group,
a range of facilitating techniques and methods were used.
The participants were asked, for example, in between the
workshops to document their everyday life in different ways
in order to stimulate and trigger thoughts aboutwhat inspired
them to exercise and to be active. One method used for
this was Photovoice, a process by which people can identify,
represent, and enhance their thoughts through photographs
[18]. Another example was to bring pictures from newspa-
pers, reflecting their attitudes towards exercising andmoving
their body. During other sessions practical activities (e.g.,
strength and balance exercises) were conducted and the
participants were asked to actively reflect over the exercises
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Table 1: Characteristics of the participants.

Code Age Focus group Partner or living
alone White/Blue Collar Falls last 12

months Yes/No

Physical activity
level based on

IPAQ
W1 74 1 Partner White Yes Moderate
W2 70 1 Partner White No Moderate
W3 73 1 Partner Blue No Moderate
W4 71 1 Partner White No Moderate
W5∗ 76 1 Living alone Blue No Moderate
W6 75 2 Living alone White No Moderate
W7 80 2 Living alone Blue Yes Low
W8 74 2 Partner White No Moderate
W9 71 2 Partner White Yes High
W10 70 2 Partner White No Low
M1 72 1 Partner White Yes Low
M2 80 1 Living alone White No Moderate
M3 78 1 Partner White Yes High
M4 76 1 Partner White No Moderate
M5 70 2 Partner White No Moderate
M6 79 2 Partner White No Moderate
M7 75 2 Partner White No Low
M8 79 2 Partner White Yes Moderate
W: woman; M: man; IPAQ: International Physical Activity Questionnaire. White collar worker examples: office worker, police officer, nurse, and teacher; blue
collar worker examples: taxi driver, shop keeper. The level of physical activity was self-reported as low, moderate, or high based on how much time had been
spent being active the previous week, and how strenuous it had been. Examples of activities performed: cycling, swimming, water-aerobics, walks, table tennis,
and weight lifting. ∗Dropped out after four focus group discussions.

and to describe their views and feelings. Sometimes more
detailed questions were posed and visualisations of different
views were placed around the room. The participants were
asked to move to the place that represented their view
and were encouraged to explain and discuss their choices.
Another facilitating technique used was short descriptions
of five fictional characters (personas) representing different
motivational profiles [19]. These personas were constructed
based on data from the first sessions and the participants
rated how well the descriptions defined themselves and the
way they preferred to do exercises.The participants were later
asked to create their own persona description, by combining
sentences from the predefined examples. With the purpose
of clarifying and separating differences in the participants
reasoning, smaller gender divided discussion groups were
organized during the fourth and fifth workshop. The main
activities of each workshops have been presented elsewhere
[15, 20].

Between five and six of the researchers attended each
workshop, except workshop three when only two researchers
participated (PP and LLO). Two of the authors (BBK and
AMW) had extensive previous experience from participatory
action research and they were primarily responsible for
facilitating the discussions, assisted by the other authors
present. After each session the researchers discussed and
reflected on the results and the process. Based on these
reflections the purpose of the next meeting was planned.
In the beginning of each new meeting the researchers

summarized and presented result from the last workshop to
get feedback, and then the aim of the current meeting was
outlined.

2.3. Analysis. All focus group discussions were digitally
recorded and transcribed verbatim. As recommended when
trying to identify similarities and differences in material,
qualitative content analysis was used to analyse data and
explore women’s andmen’s reasoning about their experiences
and preferences in relation to exercises [21]. An inductive
content analysis approach was used since very few previous
studies have investigated if men and women differ in their
views and preferences for fall prevention exercises. Thus
the categories were derived from the interviews and not
on the basis of previous knowledge or theories [22]. Two
of the authors (PP and MS) read the transcripts indepen-
dently to get an overall understanding of the participants
exercise preferences. The text was then transferred to the
data program Open Code 4.01 [23], where meaning units
related to the aim were identified and labelled with codes.
The codes were organized into preliminary subcategories and
categories by two of the authors (PP and MS). The categories
were continuously negotiated and the texts reread within
the author group until consensus was reached to ensure
trustworthiness. The categories and subcategories were in
addition presented and discussed at two seminars for PhD
students and senior researchers at theUniversity. In the end of
this process the results were summarized and presented to the
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Figure 1: Overview of the categories related to uptake, adherence, and maintenance.

participants. Preliminary resultswere included in the thesis of
one of the authors (PP) [20].

3. Results

The participants gave many examples of physical activities
they liked to perform, such as walking, cycling, working
outdoors, gymnastics, water aerobics, skiing, dancing,Nordic
walking, table tennis, and Qigong. They expressed many
motives, as well as barriers, for starting to do exercise in
the context of falls prevention. Based on their experiences,
they voiced many opinions regarding how different exercise
properties influence and enhance motivation and they gave
examples of “tricks” to facilitate maintenance. In themajority
of these opinions no clear gender separation patternwas seen.
The individual differences within genders were more diverse
than the differences between women and men. The results
are presented in six categories with subcategories. Two cate-
gories were related to uptake and four categories concerned
adherence and maintenance. An overview of the categories
and subcategories is illustrated in Figure 1. Quotations within
the text are annotated with participant number and the sex of
the participant (W or M).

3.1. Uptake. Several factors important for uptake were men-
tioned in the focus group discussions. Some of them were
predominantly expressed asmotivators and others as barriers
to starting exercise.

3.1.1. Motivators and Barriers to Starting Exercise. The mo-
tives for starting to exercise, discussed within the groups,
were preserving health; treating injury or disease; encour-
agement by clinicians or relatives; and information. Com-
mon barriers were health problems; poor self-discipline;

environmental barriers; feelings of vulnerability; and societal
expectations.

Keeping healthy was a major motivator for both men
and women. However, there were differences in how men
and women expressed their reasons for this. Women talked
about preserving health as a necessity in order to manage
their responsibilities in their everyday life “I just have to
keep on going myself, so It’s just that I need to exercise for my
survival” (W2), whereasmen talkedmore in terms of keeping
fit “You notice that you have to do certain things to. . . keep
fit” (M1). An injury or disease that could improve by con-
tinuous exercise (such as being diagnosed with osteoporosis,
sustaining fractures, having a rupture of the Achilles tendon,
or suffering from heart disease) was mentioned by both sexes
as a motivator for starting to exercise. On the other hand,
commonly occurring health problems, such as arthritis and
pain, were also major barriers for exercising and sometimes
the participants needed to adapt their activities to their health
situation.

Professional advice from a doctor or other health person-
nel was seen as a driving force for starting to do exercises.
For some this was also linked to expectations of what it
means to be a good patient, as expressed by one of the men
in the study “When you know that you have done what you
promised to do, you feel satisfaction in not misbehaving” (M5).
Relatives’ influence, for example, persuasion of a spouse or a
wish to do certain activities with grandchildren, was also a
motivator for being physically active in the context of falls
prevention that was frequently mentioned by both women
and men. While information in the media inspired some of
the participants to exercise: “I have started to do an exercise
programme that works on strength. I saw it on a TV-show”
(W9), other participants said that such information only
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stayed in their memory for a short time period and seldom
resulted in long-term changes.

A common barrier, articulated by both women and
men, was poor self-discipline, even though they knew they
felt better once they got started “You have to overcome
certain thresholds in order to get out and exercise” (M4).
Environmental barriers, such as the weather, icy or snowy
roads, were also common and even though many of the
participants liked exercising outdoors, they felt they were
less active during the winter. Feelings of being vulnerable
or fragile were also expressed as barriers to physical activity
by both men and women. However, experience of fractures
and fear of falling were particularly experienced as a barrier
among the women and caused them to be more cautious in
their activities. “Of course if you have suffered fractures a few
times you are very scared after that” (W9). The men did not
generally speak about fear or vulnerability, but many of them
noticed that they had started to avoid doing heavy tasks, if
possible, as this often led to pain or discomfort in the body for
days afterwards. Other examples of situations where feelings
of vulnerability or embarrassment could pose a barrier for
taking part in exercises were when an exercise group was
too small or predominantly one gender, such as being the
only man in a group “I thought I would do it. . . but I, I dared
not (laughs), I’d be alone. But then a few men showed up and
eventually I dared to pull myself down into the water” (M1).

The participants expressed different views regarding soci-
ety’s perception of older people. Opinions emerged that older
people were often illustrated in media as passive individuals,
which may affect older people’s views of what is expected of
them. “Well, it is not easy to find any pictures in newspapers
illustrating active older people doing gymnastics and such.
There is almost nothing!” (W9). In contrast, other participants
expressed the view that older people nowadays are seen as
active and that they have more opportunities and resources
than older people in former generations.

3.2. Adherence and Maintenance. The categories summariz-
ing factors of importance for adherence andmaintenance that
emerged in the analysis of the focus group discussions were
as follows: programme preferences are personal; confirmational
feelings help satisfaction; spirit lifters increase enjoyment; and
personal tricks maintain exercise routines.

3.2.1. Programme Preferences Are Personal. Above all the
older participants expressed that the exercises need to be
adapted to the individual in order to stimulate adherence.
When it comes to how the older participants preferred to
do their training, in terms of mode, intensity, challenge,
and social context, no general or gender specific patterns
were discerned. Instead the discussions pointed to great
variation between individuals, and sometimes even within an
individual, depending on the situation.

Regarding exercise mode, diverse preferences for exercise
to be either conducted as a programme on specific occasions,
or integrated in everyday activities were expressed. Those
who were more accustomed to exercising seemed to prefer
training programmes, while the more inexperienced felt that
integrated exercise was preferable.

The preferred degree of intensity also varied between
individuals with no gender pattern; some did not like to
sweat, while others thought exercising was not worthwhile
if they did not feel tired and sweaty afterwards. What was
emphasized was the importance of being able to hold an
exercise tempo of one’s own. Not being able to keep up or
being prevented from exerting effort in their own style and
tempo could be frustrating. “But, we (with husband) can
almost not walk together (laughs). . . you must have your own
pace. . . if one of you is faster, and one is. . . well. . ..” (W3).

Many of the participants took part in group training and
did not seem to worry about the level of challenge, e.g., not
being able to keep up or perform all the elements correctly.
However, they felt that the instructors should emphasize that
if someone is not capable of performing a specific exercise, it
is acceptable to choose an alternative exercise, as long as one
continues to be active. One man even expressed that it may
be motivating to see that there are more challenging levels to
strive for, even if you currently cannot perform them. “But I
think itmay actually be stimulating when you can see that there
are different levels of challenges” (M4).

Some of the participants liked to work out alone while
others preferred to exercise together with others. However,
such preferences regarding the social context could vary
depending on the activity in focus. When exercising in a
group setting, amoderate group size composed of peers of the
same agewas preferred and the social aspectwere emphasized
as an important motivator. “I think that the social aspect
is very important in group training. . . because you usually
attend at specific sessions and you meet the same people.
Then you start to talk to each other and you learn to know
each other. . . that’s fun” (W4). No obvious gender pattern in
preferences for the social context when exercising emerged
during the focus group discussions. However, in the personas
descriptions constructed by the participants to describe their
ownmotivation profile, womenweremore prone thanmen to
choose sentences representing a social component to describe
themselves, such as “I am social”, “I like to exercise together”,
or “I prefer to work out in a group”.

3.2.2. Confirmational Feelings Help Satisfaction. Confirma-
tion of the effectiveness and efficiency of an exercise were
importantmotivational drivers for both sexes. “Youwant your
efforts to pay off” (W3). Confirmation could be perceived
in different ways: from a professional instructor; through
visible results; by quantified results, or merely by the feeling
of achievement.

To have a professional and encouraging instructor was
considered very important.The participants appreciated hav-
ing an expert to trust and ask for advice.Their encouragement
and praise could be very stimulating. Participants expressed
that they felt more inspired by an instructor of the same
age, someone they could identify with, while the sex of the
instructor did not matter at all. “Yeah, but. . . the closer to one’s
own age, I think that gives more” (M3).

Both women and men liked to achieve a secondary goal
through their training whichmeant that they often integrated
training with everyday activities to get a visible results, such
as working in the garden, cleaning their home, or going
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out for a walk with a clear purpose in mind. One man
expressed that he did not want to “. . .fool around doing
peculiar exercises”. “With my age. . . I do not want to just
stand and. . . I prefer to pay attention to my everyday life
and then try to integrate my exercises” (M2). However, a
pattern emerged in the participants’ personas descriptions
suggesting gender differences. It was more common for
men to choose expressions representing visible and practical
secondary goals, such as “I want to see a concrete result with
benefits”, “I weave my exercises into everyday activities”, or “I
like working in the garden or my home”.

Many of the participants expressed that quantifying the
results of their training was motivating. They wanted to
keep track of their performance and see objective outcomes.
Some of them used instruments for counting steps and
calorie expenditure, or tracking walking or cycling routes
etc., and this was perceived as stimulating. Men tended
to express more fascination with opportunities to quantify
their performance, as this conversation between two men
illustrates “. . . And then I start to walk again and it’s activated,
it measures my speed, and how far I’ve walked and how
many calories I have been spent” (M5). “Interesting!” (M7
comments). “Yes, fun!” (M5). However, there were also
women who expressed interest in these kinds of devices.
Contrastingly, there were also people who seemed to be
totally disinterested in measuring their performance and
were perfectly happy just knowing that they accomplished the
task. One woman described how she had an exercise bike that
could record several things but shewas not interested in using
these features “I am not doing anything (to record). . . I sit and
cycle for half an hour, and am fine with that” (W4).

The participants expressed that an inner feeling of
achievement was important for adherence to exercise. They
associated the pleasant sense of relaxation in the body
afterwards, and the pure satisfaction in managing to work
out, with an intrinsic motivation for continuing to exercise.
“Well. . . when you know you have done something, and you
can take a shower and sit down in the armchair with a good
conscience ” (M5) or “You experience the same thing when
doing exercises, -relaxation. . .when you are active, and feel that
you actually manage to be active” (W5).

3.2.3. Spirit Lifters Increase Enjoyment. The focus group
discussions revealed the importance of spirit lifters, in an
exercise context, i.e., dimensions that could contribute to
enjoyment and motivate older participants to continue to be
active. These included outdoor exercises; rhythm and music;
exercise equipment; and humor.

Outdoor activities were frequently highlighted as very
motivating. Both women andmen liked the idea of exercising
outdoors. “I like to be out there. . . perhaps because I have
been sitting inside all. . . well quite a few years now. . . it’s great
to be able to be outdoors” (W3). Many of the participants
engaged in outdoor activities all year around, and some
clearly expressed a dislike for exercises indoors. “I had a
gym card when I was employed. . . I went a few times but
I do not get the point. . . biking indoors when you can bike
outdoors and get fresh air?” (M5). Many of the examples from
the participants’ outdoor activities referred to taking a walk,

cycling, or cross-country skiing. However, at the beginning
of the project strength and balance exercises were still mainly
performed indoors and only a few participants could imagine
doing these kinds of exercises outdoors. During the course of
the study though, some of the participants became inspired
by the discussions and started to add balance exercises during
their regular walks. These participants could later on give
examples of suitable ways to do this, which opened the eyes
of the other participants to these possibilities.

Another spirit lifter discussed was the use of rhythm and
music, which were perceived as engaging and thought of as
providing a pleasant atmosphere. “Yes, music, I like music!
Absolutely! For me music is very important when exercising. I
know that everyone does not like it, but I think themusic means
a lot” (W6). Although the participants generally liked music
during their exercises, they highlighted that the music had to
be tailored to the participants’ age, and the rhythm had to be
in line with the exercises performed. Otherwise, the music
became frustrating. “Well, when I do water aerobics. . . it is
often disco music. . . very rhythmic and the girls (instructors)
are too darn good and move in time. But they are not in the
water. . .andwhen I’m not able to do themovements. . .I become
frustrated” (M8).

The use of exercise equipment was considered effective
and a motivating element in an exercise context. However,
women often noted that they did not want to buy equipment
to use in their own homes; it was better if they got tips on how
to use things already available in a household. “Not to buy a lot
of things. . . I believe it is better to take what you have at hand”
(W1). Men on the other hand preferred specific equipment
“Yes, but those things can sometimes fit . . . have a better grip
and such. . . it’s fun with the real stuff” (M1). The participants
themselves also commented that the use of equipment might
be gender related. Furthermore, the participants explained
how the use of exercise equipment could contribute in the
creation of a social exercise context. For example, both men
and women liked to walk with poles and to meet peers who
did the same, as this created a feeling of belonging to a group.
“It’s nice when you walk with poles, when you go out for an
ordinary walk, and you meet unknown people you just walk
on, but with poles, then you say hello, it’s like you belong to a
group in a sense. I think that feels nice” (M1).

Humor was emphasized as an important source of inspi-
ration. The participants expressed that it should be joyful to
exercise. Humor could involve having an instructor joking
and teasing, or just giving yourself a chance to enjoy. An
exercise session full of laughter and happiness could create
a lingering contentment afterwards. “Something I think is
often overlooked is the importance of humor. I think it’s very
important that you get to laugh” (M2).

3.2.4. Personal Tricks Maintain Exercise Routines. Several
tricks or strategies were mentioned by participants to main-
tain their exercise routines and to prevent lapses and relapses.
These tricks involved companionship; routines and challenges;
dogs and nature; and safety strategies.

Friends or spouses could push each other “When you are
alone, then you have to put in an active effort to get going. . .
it will be easier to find arguments against . . .-it looks like bad
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weather out there! or whatever” (M1). Having company was
also inspiring, “So. . . well, she is the one who is pushing. And
I think it is much, much nicer if we’re together compared to if I
am going out alone” (M4).

The participants gave examples of having routines, such
as specific tracks they walked, which helped them to exercise
regularly. To set goals, as well as to start with one that felt
achievable, was also proposed as a powerful way to get over
the threshold when it felt difficult to start, because, once
started, it was often easy to continue. “It may feel tough in
the beginning, but if I think, -Nah, but today I will just take
a trip up to the road. Then suddenly, it feels pretty good after
all, and I walk on and continue for about a full hour. And that
feels great, although there were setbacks when I began” (W9). A
competitive element could also be an incentive for both men
and women, but the vast majority created challenges solely
for themselves. Other participants emphasized that they did
not like competitive elements, “That you are challenging
yourself. . . I think that is just a pain. . .Then it becomes a must-
do that should be avoided. . . I have done enough of that in my
life” (M4).

Dogs were mentioned as great helpers to maintenance
exercise. “Yes, we’ve had a dog, and I miss it immensely, for
it was the best exercise help I ever had” (M7). Several of the
participants had a dog and felt this kept them active and
provided some company. Some of the participants had even
taken it upon themselves to go out with someone else’s dog,
just to get exercise. “Therefore, I have an extra dog that I go out
with. . . then I have to go out. . . and then I feel good” (W3). Even
without a dog the pure experience of nature itself could also
be an incentive to go for walks. Feeling the freedom, enjoy
listening to the birds, and getting fresh air were described as
addictive.

Someparticipants,mainlywomen, expressed that a fear of
falling could inhibit their activity. But they also gave examples
of safety strategies they developed in order to feelmore secure
and thus gave them the confidence to continue their physical
activities. One example discussed was walking with poles, to
have support on slippery surfaces. Another example was to
bring the mobile phone to be able to call someone if and
accident should occur. “Just that using a mobile phone. . . I
always take it with me when I go out for a walk, even though I
will not be long, especially if I you are somewhere where no one
knows where you are” (W6).

4. Discussion

These multistage focus group discussions aimed to improve
our understanding of the preferences community-dwelling
older women and men have regarding exercise in the context
of preventing falls. Older participants had many diverse
preferences and confirmed that individually tailored exercise
programmes, in terms of mode, intensity, challenge, and
social context, are important.Moreover, important factors for
exercise adherence andmaintenance included the experience
of individual confirmation; different spirit lifters to increase
enjoyment; and personal tricks to prevent lapses and relapses.
It is interesting to note that no clear gender separation pattern
was seen in the majority of these factors (Figure 1).

It may seem obvious that older people, just like younger
people, have very different opinions on how they prefer to
perform their exercises. But all too often, older adults seem
to be considered as a homogenous group and recommended
the same kind of training regardless of needs or preferences.
Studies fromSweden have, as an example, shown that walking
is by far the most suggested physical activity for older
people getting exercise prescriptions in health care settings
[24], although it is known that brisk walking will actually
increase the fall risk in those with a history of falls [25].
Previous studies have also shown that when the prescribed
exercises are not tailored to the individual, and seniors with
varying degrees of physical capacity are expected to exercise
together, they are frustrated and may drop out [26]. Our
results emphasize the importance of taking the experiences
and desires of the older individual into account when fall
preventive exercises are planned and prescribed.

Previous research indicates that women are more likely
to take part in exercise activities to prevent falls [8]; in light
of our results that is not due to substantial differences in
exercise preferences among women and men. However, a
recent literature review suggests that both women and men
see women as more receptive to and in more need of fall pre-
ventionmessages [12].Thismay be due to societal norms.Our
understanding of gender derives from a social constructionist
perspective that gender is created in social relations and
dependent on time and context [27].Thismeans that humans,
as social beings, shape themselves in relation to prevailing
norms in society for how to be a man or a woman and this
is referred to as “doing gender” [28]. According to the norms,
men should be independent, self-reliant, strong, tough, and
willing to take risks [29]. Physical strength, competition, and
risk-taking are all characteristics in “hegemonic masculinity”
[30].Thesemasculinity characteristics often preferred among
youngermen could have been deemphasized with ageing and
a changed life situation among themen in this study.Themen
were retired, some were widowers, and others were carers
for relatives. These circumstances may have contributed to
the many similarities in preferences expressed by men and
women in this study.

Some differences betweenmen’s and women’s preferences
for exercises were expressed in this study; for example,
women talked about preserving health, whereas men wanted
to keep fit;menpreferred exercise equipment in training;men
were more prone to emphasize the importance of quantified
results as well as having visible secondary goals; women
stressed the social component; and the women, but not men,
expressed fear of falling as a barrier for exercise.The gendered
patterns revealed in this study are not surprising, since they
reflect the social gender norm. Nevertheless, these gender
differences may be important for professionals to address
when “marketing” exercises to prevent falls, in order to attract
both men and women.

An understanding of how to support motivation in a
specific situation requires an understanding of how activities
and contexts are experienced by the older person. The Self-
Determination Theory (SDT) is a social cognition model
that addresses the process through which a person acquires
motivation for initiating a new health-related behavior and
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maintains it over time [31]. According to SDT,maintenance of
behaviors over time requires that the person internalizes the
behavior in order to develop an intrinsic motivation. In this
process of internalization the reinforcement of three innate
psychological needs: autonomy, competence, and relatedness,
is critical [32, 33]. For behaviors to be successfully changed
andmaintained individuals must come to personally endorse
their importance and make an autonomous, intentional, and
volitional decision to change.The person must also feel com-
petent and confident enough to change. Finally, relatedness
feelings of being included and cared for by others in the
relevant context are important [32, 33]. These three innate
needs are clearly reflected in the categories summarizing how
the focus group participants described factors important for
adherence and maintenance. By relating the results of this
study to the support of psychological needs, we can gain
an increased understanding of how to apply key motivating
elements in fall prevention exercises for older people.

4.1. Uptake. Themotives for starting to do exercises (uptake)
expressed by the participants in this study were mainly
framed in terms of inherently satisfying goals such as to
preserve health and to treat injury or disease, which means
the participants valued exercise highly and identifiedwith the
behavior. A focus on such intrinsic goals (e.g., being healthy)
as opposed to extrinsic goals (e.g., being physically attractive)
is believed to increase maintenance over time [32]. Receiving
support and receiving adequate information were also cited
as important factors for taking up exercise to prevent falls.
All these motives are in accordance with previously reported
preferences for falls prevention exercises [12] as well as for
falls prevention programmes in general [6, 34].

The barriers cited as reasons for not participating in
exercises were also consistent with previous studies, e.g.,
health problems or environmental barriers [12] and poor self-
discipline and lack of motivation [26, 35]. However, in our
previous review, an anxiety about not being able to keep up
with demanding exercises was noticed in many articles [12].
In the present study the participants did not seem to worry
about performing correctly at all times, as long as they felt
assured by the instructor that doing as good as they could was
good enough. On the other hand, feelings of vulnerability,
such as fear of falling, or being the only man in a group, were
expressed as barriers by the participants. According to the
SDT one way to help individuals integrate and internalize a
behavior is to support exploration of resistances and barriers
and help in the identification of possible solutions [32].

4.2. Adherence and Maintenance. Based on the results of
this study an individually tailored exercise program seems
crucial to stimulate adherence and maintenance, which is
in accordance with several previous studies [26, 35–38].
Support for the importance of individualization can also be
found in the SDT, which suggests that autonomy and self-
determination are supported when opportunities for reflec-
tion and choices are allowed. A strong sense of autonomy
will, in turn, contribute to internalization of values and skills
for change, leading to increased intrinsic motivation and
consequently also improved exercise adherence [32, 33].

Those participants who were more accustomed to exer-
cise seemed to prefer training programmes, while the more
inexperienced felt that an integrated exercise, into their
daily life activities, suited them better. These results seem
to conform well with the results of a previous study, who
described their moderately active participants as “functional
exercisers”who favored activities perceived as purposeful and
practical, often unplanned and low in intensity [39]. Such
integrated exercises, where balance and strength training
are integrated in activities of everyday routines, have been
proven effective in protecting older high risk people from
falling and in improving and maintaining their functional
capacity [40]. It may be a promising alternative to traditional
exercise programmes formany older people who are not used
to exercising or who do not want to exercise in a group.
Earlier studies have suggested that low intensity exercises
may facilitate participation [6]. However, the participants
in this group expressed preferences for both “calm” and
“intense” exercise, again reminding us of the need to consider
individual preferences.

The importance of social interaction, and group adher-
ence, is often found to be an important factor to enhance par-
ticipation in exercise among older people [6, 12]. According to
the SDT social interactionwill naturally contribute to feelings
of relatedness, which is important for intrinsic motivation to
develop [33]. Social interaction was emphasized as important
by some in this study, in particular by women in their
own persona descriptions, while some of the participants
preferred to exercise alone. Similar findings have been found
in a previous study from the UK, in which more women than
men were likely to attend group sessions [41]. In another
study comparing exercise habits in older people in Sweden
and Ireland, the Swedish participants tended to have a higher
regard for solitary exercise in comparison to older persons
from Ireland, where physical activity was often seen as a
means to socialize [39].

To receive confirmation of being able to exercise and
that one’s efforts actually give results was expressed as a very
important element in an inspiring exercise context. Con-
firmation could be seen through visible results of practical
activities, by assessment and evaluation of performance, or
simply by feelings of achievement. Confirmation could also
be obtained through feedback from a professional instructor
who offers help to find the optimal exercise and conveys
knowledge and confidence that the exercises performed are
safe and effective. The characteristics of the instructor may
play a role in influencing participants’ attendance to exercise
classes [42] and advisory support has previously been raised
as important to strengthen participants’ self-efficacy [43].
According to Bandura, the experience of mastery is the most
important factor determining a person’s self-efficacy, and in
general people with high self-efficacy are more determined
and persist longer than those with low self-efficacy [44]. In
a particular activity confirmation may contribute to feelings
of mastery or competence, which, according to the SDT, is
important for successful behavior change [32, 33].

The participants in this study gave several examples of
elements in the exercise they thought of as spirit lifters.These
elements had the ability to provide energy and joy to the
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training and bring feelings of both vitality and relatedness.
Outdoor activities were such spirit lifters. Recurrent pref-
erences for outdoor exercises among Swedish seniors of all
lifestyle categories have previously been reported [39, 45].
The importance of being outdoors and in contact with nature
has been reported to enhance energy and induce greater
vitality even when controlling for factors such as social
interaction [46]. Maybe being outdoors could also contribute
to important feelings of relatedness to the nature. Other spirit
lifters mentioned by the participants were rhythm andmusic,
exercise equipment, and humor.We believe all these elements
may contribute to feelings of relatedness by creating a social
context and building a bond between participants. However,
feelings of relatedness were also seen in those who exercised
alone. One example of this was how the use of walking poles
created a sense of belongingness to a group of pole-walkers.

4.3. Methodological Considerations. A strength of this study
was the design with multistage focus group discussions [14],
which gave rich data through the process of meeting with
community-dwelling participants on several occasions. The
participants had the opportunity to reflect upon their exercise
preferences, both during the focus group discussions and in
between the sessions. It was sometimes difficult to know if
the participants talked about physical activity in general, or
about falls prevention in particular. However, all participants
were aware that the study focused on exercise in the context
of preventing falls and this was emphasized by the researchers
during the discussions.

Another strength was the use of the PAAR methodology
[17]. By encouraging informants to express themselves in a
positive way, it has the potential to generate rich data about
perceptions, feelings, experiences, motives, and attitudes. On
the other hand, this appreciative approach may potentially
result in an underestimation of negative thoughts and expe-
riences, which might also be of importance. We believe
that the appreciative approach of the PAAR methodology
contributed to the friendly and positive atmosphere during
the workshops.The attendance rate at all workshops was very
high and the participants expressed that they liked coming to
the meetings.

Yet another strength in this study was the sampling strat-
egy, which gave variation in history of falls and experience of
exercise in both men and women in each group. However,
the transferability of the findings may be limited because
most of the participants were retired white-collar workers,
were in general well educated, and were mainly resource-rich
with previous occupational experiences. Class differences in
our study group were minor, which could have contributed
to the similarity in exercise preferences. It should also be
noted that participants in our study had enrolled in a fall
preventive study with focus on exercising and thus shared a
motivation for exercise. In this respect a similar interest may
had a stronger influence than gender on the results.

The researchers involved were from different fields of
expertise, physiotherapy, informatics, exercise physiology,
and computing sciences, which enhanced both data col-
lection and analysis [47]. The researchers brought expe-
rience from different methods and facilitating techniques

that were applied during the workshops. The mix of meth-
ods helped the participants share their thoughts and con-
tribute in various ways, which greatly enriched the data
collection. Moreover, the author’s diverse preunderstandings
regarding falls prevention, balance and strength exercises,
motivation for exercise, and gender research complemented
each other and helped deepen the discussions within the
author group, and thus the interpretation and analysis of the
data.

The cultural context of the study could affect the general-
izability of the results. As norms for how to be a man and a
woman differ by age and cultural context, analysis of gender
in older men and women needs to consider the wider context
of norms for “being old” in the respective time and culture. In
Sweden, older people are encouraged to stay active in order
to avoid ill health. Investigations using accelerometers have
shown that 49% between 65 and 75 years are physically active
with a moderate or high intensity for at least 30 minutes
during an average day, with very small gender differences
[45]. The project was carried out in Umeå, Northern Sweden
(latitude 63∘N), where snow and icy roads are common in the
winter period of November to April. Nature/forest is easily
accessible, both in terms of walkability and of “legal rights”
to walk everywhere/of public access. The results may thus
not be generalizable to countries where the cultural norm of
exercise, the gender norm, and attitudes to outdoor activities
in old age differ.

5. Conclusions

Older people’s preferences for exercise programmes are per-
sonal, and the individual differences are greater than the
differences between men and women. Individually tailored
exercise, in terms of mode, intensity, challenge, and social
context, is important. In order to enhance uptake, adher-
ence, and maintenance in fall prevention exercise profes-
sionals need to see the individual older person and apply
autonomy-supportive approaches to encourage growth of
intrinsic motivation. Besides individually tailored exercises
such approaches should, according to older men and women,
provide confirmational feelings, different spirit lifters to
increase enjoyment, and personal tricks to maintain exercise
routines. The study provides an awareness about women’s
and men’s preferences for fall prevention exercises and this
information could be used as guidance in designing individ-
ual tailored interventions that are inclusive, hence providing
uptake and adherence for both sexes.
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Objective. To examine the association between daily moderate to vigorous physical activity (MVPA) and the change in mobility
function among community-dwelling Japanese women aged 75 years and above. Methods. This prospective study included 330
older women aged 75 years and above who could walk without a walking device or assistance. MVPA and light-intensity physical
activity (LPA)were assessed using an accelerometer for seven consecutive days.MVPAwas defined as an activity with an intensity of
>3metabolic equivalents.The study outcomewas a change inmobility function, defined as the need of walking device or assistance,
during the two-year period.Results.The results of the logistic regression analysis showed thatMVPAwas inversely associated with a
decline in mobility function after controlling for LPA and potential confounders (adjusted odds ratio (OR) = 0.93 per 1min/d, 95%
confidence interval (CI) = 0.88–0.99; 𝑃 = 0.017), whereas LPA was not when adjusted for MVPA and confounders (adjusted OR =
0.99 per 1min/d, 95% CI = 0.96–1.01; 𝑃 = 0.245). The receiver operating characteristics analysis identified a 7.9min/d of MVPA as
the cut-off value. Conclusions. The results of this study suggest the importance of promoting daily MVPA for preventing mobility
limitation in older women aged 75 years and above.

1. Introduction

Declinedmobility function results in disability,mortality, and
increased healthcare costs in old age [1]. In particular, the
early detection and prevention of decliningmobility function
are important among older women aged 75 years and above
because of a higher prevalence of physical frailty compared to
younger elderly or men [2]. Additionally, risk of incident of
disability is higher in older women compared to men [3].

Physical activity (PA) is amodifiable risk factor associated
with the onset of slow gait and disability in old age [4],
and the causal relationship of increased PA with reduced
risk of mobility limitation has been demonstrated in older
people through randomized controlled trial [5]. Therefore,

promoting PA is a key intervention to maintain mobility
function in old age. However, despite the importance of PA,
there is a lack of evidence regarding the relationship between
PA and mobility function in older people aged 75 years and
above [6].

Moderate to vigorous PA (MVPA), generally defined as an
activity with an intensity of >3 metabolic equivalents (METs)
such as brisk walking and aerobics [7], has favorable effects
on muscle mass [8, 9], falling [10], and mortality [11] in older
people. A recent prospective study demonstrated that higher-
intensity exercise is associatedwith fewer disabilities, whereas
duration of exercise was not after adjusting for exercise dura-
tion [12], suggesting thatMVPAmay contribute to preserving
mobility function in old age. However, this study assessed PA
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using a questionnaire and also did not consider the influences
of potential confounding factors such as muscle strength or
depression. Painful joint is another factor that affects PA
in older individuals [13]. Therefore, objective measurement
of MVPA and adjustment of confounders are needed for
evidence regarding the favorable effects of MVPA in old age.

We previously reported the inverse relationship between
objectively measured MVPA and slow gait in community-
dwelling older women, and a significant relationship was
observed even when adjusted for potential confounders [6].
Another recent study on subjects aged 65 years and above also
reported that objectively measured moderate-intensity PA is
an independent factor of physical performance parameters
[14]. However, due to the cross-sectional design, the relation-
ship of MVPA with a change in mobility function was not
examined by these studies.Therefore, the present study aimed
to examine (1) the relationship between objectively measured
MVPA and the future need of walking device or assistance
and (2) the cut-off value of MVPA to predict this study
outcome in Japanese community-dwelling older women by
a prospective design.

2. Methods

2.1. Study Population and Design. This is a prospective cohort
study performed as part of a cohort study conducted in
our laboratory at the Graduate School of Medicine, Nagoya
University, Japan. The inclusion criterion of the main cohort
study was community-dwelling older people aged 75 years
and above. Exclusion criterionwas thosewhowere not able to
access a health checkup at Nagoya University Daiko Campus
from their homes. The volunteer participants were recruited
from senior citizen’s clubs in Nagoya city and registered to
the Research of Health Promotion at Nagoya University. The
registered participants were invited for a health examination
via mail every two years, and all of them provided written
informed consent to participate in the study. The present
study included older women aged 75 years and above who
participated in the health examination in 2012 or 2013 and
could walk independently without any walking devices.
Participants who were lost to follow-up were also excluded.
The study protocol was approved by the Ethics Committee of
the School of Health Sciences at Nagoya University (approval
number 2012-0131). Two years after the baseline survey was
conducted, each participant was further monitored to assess
the need for a walking device or assistance in daily living.

2.2. Study Outcome. The study outcome was a change in
mobility function, which was assessed by follow-up survey
of the main cohort study or through telephonic interviews.
The study outcome was defined as either the inability to
walk without a walking device in daily life or the inability
to go out alone because of a health or physical problem. In
general, amobility limitation is defined according to difficulty
in walking a certain distance (e.g., 400m or one-fourth of
a mile) or climbing stairs without resting [15]. However,
study participants in our study were aged 75 years and above
who might have decreased cognitive or executive function.

Therefore, we avoided asking the distance that they could
walk because it was not likely to be reliable.

2.3. Measurement of Physical Activity. To avoid seasonal
effects, PA was measured in autumn (September to
November) using a uniaxial accelerometer (Kenz Lifecorder,
Suzuken Co., Ltd., Nagoya, Japan). The device records
step counts and intensity of PA. The intensity of PA was
categorized into 11 levels (0, 0.5, 1-9) based on the recorded
acceleration pattern.

A previous study that assessed the relationship between
the accelerometer levels and METs determined using objec-
tively measured oxygen consumption during walking on
a treadmill revealed that an accelerometer level >4 corre-
sponded to >3 METs [16]. Taking this result, PA with an
accelerometer level >4 from this device has been widely used
to categorize MVPA in both middle-aged and older adults
[17–19]. An intensity level of 0 meant no movement and
that of 0.5 signified slight body or arm movement, such as
deskwork. Therefore, PA with an accelerometer level of 1 to 3
was defined as light-intensity PA (LPA).

Participants were instructed to wear the accelerometers
around the waist for seven consecutive days, except during
bathing, swimming, and sleeping. Additionally, participants
were instructed to continue their normal activities of daily
living during the measurement period and were blinded to
their PA.

A valid day for analysis was defined as 10 or more h/d
of monitor wear [20]. The wear time was determined by
subtracting the nonwear time (an interval of at least 20
consecutive minutes of zero activity intensity) from 24 h
[20]. The mean durations of MVPA and LPA per day were
calculated using five or more valid days [21]. Data from
participants with four or less valid days were regarded as
missing data.

2.4. Demographic Characteristics. Data on age and comor-
bidities of each participant were collected using a self-
administered questionnaire. Body mass index was calculated
as body weight (kg) divided by the square of height (m).
The number of prescribed medications was counted for each
participant by checking their prescriptions. Self-reported
pain in the back or leg was also assessed as “none,” “rarely,”
“sometimes,” or “always.” Presence of pain for data analysis
purposes was defined as feeling pain “sometimes” or “always”
with reference to a previous study [13].

2.5. Other Covariates. Grip strength was assessed as the
representative indicator of muscle strength using a Jamar
hydraulic dynamometer (Sammons Preston, USA) set at the
second handle position. Grip strength of each participant was
measured by trained physical therapist. The participants sat
with the wrist in a neutral position and the elbow flexed
at 90∘ [22]. Two trials were completed for each hand and
the strongest value was used for the analysis [23]. In our
previous study, grip strength was an independent associated
factor of slow gait in older women aged 75 years and
above [6]. Executive function was assessed using the Trail
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Making Test (TMT) [24]. TMT is a visual task to connect
circles by drawing a line from one point to the next as
quickly as possible, in numerical order (TMT-A), and in
alternating between both numerical and Japanese-character
order (TMT-B). The time to finish TMT-B minus that to
finish TMT-A (ΔTMT) was calculated. The ΔTMT score
is used for controlling the effect of motor speed on TMT
performance and is considered a more accurate measure of
executive functions than TMT-B alone [25]. The ΔTMT has
also been reported to be correlatedwithwalking performance
in Japanese older people [26]. Depression was assessed using
the 5-item Geriatric Depression Scale (GDS-5) which is a
questionnaire that assesses depression symptoms using five
items, and a score of ≥2 points is defined as depression [27].
Depression assessed using GDS-5 was also associated with
slow gait in older women [6].

2.6. Statistical Analyses. Characteristics of the participants
with and without a decline in mobility function were com-
pared by the Mann–Whitney U test or chi-square test. Then
logistic regression analysis was performed to examine the
relationship between the study outcome and MVPA or LPA.
In this analysis, variables that showed a 𝑃-value of < 0.1 in the
univariate analysis were used as independent variables.

In baseline data, missing values were observed in several
variables. The logistic regression analysis was first performed
only for participants withoutmissing data.Then, to avoid bias
associatedwith excludingmissing data, the logistic regression
analysis was performed for all participants as a sensitivity
analysis. Missing values were imputed using the median for
continuous variables and the most frequent category for
categorical variables from the available data.

Finally, if MVPA was independently associated with a
decline inmobility function, receiver operating characteristic
(ROC) curve analysis was conducted to identify the possible
cut-off value of MVPA. The ROC curve was constructed by
plotting sensitivity against 1-specificity, and cut-off value was
selected by optimizing the sensitivity-specificity relationship.

All statistical analyses were performed using the STATA
version 14 software package (SPSS Inc., Chicago, IL, USA),
and a 𝑃-value < 0.05 was considered statistically significant.

3. Results

Of all the 345 older womenwho couldwalkwithout awalking
device at baseline, 330 participants who were successfully
monitored were enrolled in the analysis (Figure 1). During
the two years after the baseline survey, 37 participants (11.2%)
newly required walking device or assistance in their daily
living. Detailed information about study outcome was shown
in Table 1.

Participant characteristics and comparisons of the mea-
sured variables between thosewith andwithout the study out-
come are shown in Table 2. Of the 330 participants analyzed
in this study, 300 participants provided PA measurement for
five or more valid days (seven days, n = 161; six days, n = 130;
five days, n = 9). Participants who required walking device
or assistance after two years were older (𝑃 < 0.001) and
used more prescribed medications (𝑃 = 0.005), had weaker

Women who participated
in baseline survey 

(n=350)

Successfully followed up 
(n=330)

Excluded
Difficulty in walking without 
walking device at baseline 
(n=5)
Lost to follow-up (n=15)

Participants who did not need 
walking device or assistance

after 2 y (n=293)

Participants who needed walking 
device or assistance after 2 y (n=37)

Figure 1: Flow diagram of the study participants.

grip strength (𝑃 < 0.001), and had longer ΔTMT (𝑃 =
0.002) compared to those who did not experience the study
outcome. Participants who experienced the study outcome
also showed shorter duration of daily MVPA (𝑃 < 0.001)
and LPA (𝑃 = 0.002) and tended to have a higher prevalence
of depression at baseline survey compared to those without
study outcome (𝑃 = 0.078).

Results of logistic regression analysis using complete data
are shown in Table 3. MVPA and LPA were inversely and
significantly associated with the need of walking device or
assistance after controlling for potential confounding factors
(MVPA: adjusted odds ratio (OR) = 0.92 per 1min/d, 95%
confidence interval (CI) = 0.87-0.97; P = 0.004, LPA: adjusted
OR = 0.97 per 1min/d, 95% CI = 0.95-0.99; P = 0.023). The
significant relationship between MVPA and study outcome
remained after further adjusting for LPA (adjusted OR =
0.93 per 1min/d, 95% CI = 0.88-0.99; P = 0.017), but LPA
was not after adjusting for MVPA (adjusted OR = 0.99
per 1min/d, 95% CI = 0.96-1.01; P = 0.245). The sensitivity
analysis, including all participants, also showed the inverse
and independent relationship between increased MVPA and
study outcome (Table 4).

The ROC curve analysis, using a change in mobility
function as an outcome, identified a 7.9min/d of MVPA as
the optimal predictive value, with a sensitivity of 72.4% and
a specificity of 74.3%; the AUC was 0.773 (95% CI = 0.666-
0.881; P < 0.001) (Figure 2).

4. Discussion

The main finding of this study was that duration of daily
MVPA predicted the change in mobility function, defined
as the future need of walking device or assistance, in
community-dwelling women aged 75 years and above, even
after controlling for potential confounders. Our results sug-
gest that MVPA plays a key role in maintaining mobility
function in this population.
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Table 1: Detail information about study outcome.

Number of participants who newly required walking device or assistance after 2 years
In a house Outside

Need of walking device 16 28
Need of assistance for walking 10 20

Table 2: Characteristics of the study participants and comparison of characteristics of those with and without the study outcome.

Variables Overall
(N = 330) n

Participants who did not
need walking device

and assistance
(n = 293)

n

Participants who
newly required

walking device or
assistance
(n = 37)

n 𝑃

Age, years 79 [77-82] 330 79 [77-82] 293 83 [78-85] 37 <0.001
BMI, kg/m2 21.6 [19.6-23.9] 330 21.6 [19.7-24.0] 293 21.6 [18.3-23.2] 37 0.243
Hypertension, n
(%) 168 (50.9) 330 149 (45.2) 293 19 (51.4) 37 0.938

Diabetes, n (%) 47 (14.2) 330 41 (14.0) 293 6 (16.2) 37 0.685
Dyslipidemia, n
(%) 147 (44.5) 330 135 (46.1) 293 12 (32.4) 37 0.118

Stroke, n (%) 14 (4.2) 330 12 (4.1) 293 2 (5.4) 37 0.669
Heart disease, n
(%) 28 (8.5) 330 23 (7.8) 293 5 (13.5) 37 0.235

Prescribed
medication,
number

1 [1-4] 330 1 [1-4] 293 4 [1-6] 37 0.005

Pain, n (%) 83 (25.2) 330 70 (24.0) 293 13 (35.1) 37 0.141
Grip strength, kg 20 [18-22] 327 20 [18-23] 291 18 [16-20] 36 <0.001

ΔTMT, sec 78.0
[57.0-125.7] 327 75.8 [54.2-117.1] 291 126.3 [74.5-188.2] 36 0.002

Depression, n (%) 55 (16.7) 328 45 (15.3) 291 10 (27.0) 37 0.078
MVPA 13.8 [6.3-24.0] 300 14.6 [7.7-24.7] 269 2.1 [0.5-10.7] 31 <0.001
LPA 50.5 [39.1-63.4] 300 51.2 [40.3-63.9] 269 39.3 [22.6-51.7] 31 0.002
Continuous variables are shown by median [interquartile range]. BMI, body mass index; TMT, Trail Making Test; MVPA, moderate to vigorous physical
activity; and LPA, light-intensity physical activity.

In this study, 37 of the 330 participants (11.2%) required
the walking device or assistance during the subsequent
two years and this study outcome was inversely associated
with objectively measured MVPA at baseline. A previous
study in older Japanese men and women aged 65 years
and above reported that 3.9% of the study participants had
incident disability, defined as the care-needs certification in
the national long-term care insurance systemof Japan, during
the two-year period [28]. Although the definitions of study
outcome are different, inclusion of older women aged 75 years
and above in the present study may result in a relatively high
ratio of incident of change in mobility function.

The association between PA in old age and onset of
disability has been well documented by observational study
[29]. The effects of the intervention based on promoting
moderate-intensity PA on reduced risk of mobility limitation
have also been shown by a large-scale randomized controlled
trial [5]. However, there is little evidence to build robust
recommendations for promotingMVPA in older people aged
75 years and above. To this end, we performed a prospective

cohort study to examine the relationship of MVPA with a
change in mobility function in this population. In our study,
daily MVPA was inversely associated with the future need
of walking device or assistance after controlling for potential
confounding factors. In contrast, LPAwas not associatedwith
study outcome, implying the importance of daily MVPA for
preserving mobility function.

The ROC curve analysis identified a 7.9min/d of daily
MVPA as a cut-off value for predicting decline in mobility
function.This amount is less than 150min/wk recommended
by the World Health Organization [30]; however, the min-
imum amount of MVPA may differ from population to
population. A previous longitudinal study implied that ≥
15min/d of MVPA was associated with lower probability of
losing muscle mass over 5 years in older people aged 65 years
and above [8]. Another cross-sectional study in women aged
60 years and above demonstrated that 107.4min/d was a cut-
off value for predicting mobility limitation [31]. From our
results, approximately 60min/wk may be a target amount
of MVPA at which health gains in individuals aged 75
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Table 3: Results of the logistic regression analysis in participants with complete data (n=300).

Model 1 Model 2 Model 3
OR 95% CI P OR 95% CI P OR 95% CI P

Age, per 1 year 1.16 [1.03-1.31] 0.016 1.15 [1.03-1.30] 0.014 1.14 [1.01-1.29] 0.032
Prescribed medications, per 1 medication 1.09 [0.95-1.26] 0.213 1.12 [0.98-1.28] 0.089 1.09 [0.95-1.25] 0.197
Grip strength, per 1 kg 0.93 [0.82-1.06] 0.279 0.91 [0.80-1.03] 0.141 0.91 [0.81-1.05] 0.213
ΔTMT, per 1 sec 1.00 [0.99-1.01] 0.107 1.00 [0.99-1.01] 0.189 1.00 [0.99-1.01] 0.153
Depression, yes 1.55 [0.56-4.25] 0.397 1.75 [0.65-4.73] 0.271 1.56 [0.56-4.31] 0.390
MVPA, per 1min/d 0.92 [0.87-0.97] 0.004 - 0.93 [0.88-0.99] 0.017
LPA, per 1min/d - 0.97 [0.95-0.99] 0.023 0.99 [0.96-1.01] 0.245
Dependent variable: need of walking device or assistance; OR, odds ratio; CI, confidence interval; TMT, Trail Making Test; MVPA, moderate to vigorous
physical activity; and LPA, light-intensity physical activity.

Table 4: Results of the logistic regression analysis including all participants (n = 330).

Model 1 Model 2 Model 3
OR 95% CI P OR 95% CI P OR 95% CI P

Age, per 1 year 1.13 [1.02-1.27] 0.018 1.14 [1.02-1.26] 0.016 1.13 [1.01-1.25] 0.032
Prescribed medications, per 1 medication 1.09 [0.97-1.23] 0.136 1.12 [0.99-1.26] 0.053 1.10 [0.97-1.24] 0.126
Grip strength, per 1 kg 0.91 [0.81-1.01] 0.081 0.89 [0.79-0.99] 0.041 0.89 [0.80-1.00] 0.059
ΔTMT, per 1 sec 1.01 [1.00-1.01] 0.011 1.00 [1.00-1.01] 0.026 1.01 [1.00-1.01] 0.017
Depression, yes 1.33 [0.54-3.26] 0.534 1.43 [0.59-3.47] 0.431 1.33 [0.54-3.26] 0.535
MVPA, per 1min/d 0.93 [0.89-0.98] 0.004 - 0.94 [0.90-0.99] 0.017
LPA, per 1min/d - 0.97 [0.95-0.99] 0.030 0.99 [0.96-1.01] 0.255
Dependent variable: need of walking device or assistance; OR, odds ratio; CI, confidence interval; TMT, Trail Making Test; MVPA, moderate to vigorous
physical activity; and LPA, light-intensity physical activity.

Cut-off value = 7.9 min/d
Sensitivity = 72.4%
Specificity = 74.3%
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Figure 2: Receiver operating characteristic curve to predict the need
of walking device or assistance using moderate to vigorous physical
activity. Area under the curve was 0.773 (95% CI: 0.666-0.881).

years and above. Further studies are needed to examine the
generalizability of our results because of the inclusion of
healthier participants in this study.

Increased MVPA resulted in a reduced risk of the need
of walking device or assistance due to several possible mech-
anisms. First, daily MVPA may maintain mobility function
through preserving muscle mass and strength that declines
with aging and becomes a determinant of mobility function
[32]. A previous cohort study reported that objectively
measured MVPA had a negative correlation with loss of lean
body mass in older people [8]. A more recent cohort study
showed that a higher amount of self-reported MVPA was
related to reduce risk of sarcopenia [9]. The effect of PA on
peripheral nerve function is another possible mechanism. It
has been reported that long-term moderate- to high-inten-
sity brisk walking improves peripheral nerve function in
diabetic patients [33]. Considering the relationship between
peripheral nerve function and walking ability [34], daily
MVPA is likely to affect mobility function via peripheral
nerve function.

Furthermore, a lack of social participation due to physical
inactivity has a possibility of playing a role in declined
mobility function. A previous longitudinal study reported
that social participation outside the home was inversely
related to onset and progression of disability [35]. Because
moderate-intensity activity but not light intensity is related
to life-space mobility that refers to the area a person moves
through in daily life in older individuals [36], decreased
MVPA could lead to a negative cycle of reduced life-space
mobility and social participation and in turn to decline in
mobility function.
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The study has several limitations that should be discussed.
First, the study participants voluntarily participated in the
main cohort study. Added to this, they were recruited at
senior citizen’s clubs, potentially causing selection bias. This
may limit the generalization of our findings to frailer or
physically disabled participants. As noted before, generaliz-
ability should be examined by further study. Second, although
the participants were blind to their PA during the mea-
surement period and were instructed to continue their nor-
mal activity, wearing accelerometer might have stimulated
their PA. Hence, the amount of walking activity might be
overestimated, possibly affecting the cut-off value of MVPA
identified by the ROC analysis. Third, there may be other
unknown confounding factors such as level of education or
living circumstance. Finally, the causal relationship should
be confirmed by an interventional study. Nevertheless, the
present study has clinical significance in terms of implying
a preventive effect of MVPA on change in mobility function
in women aged 75 years and above.

5. Conclusions

In this prospective study, we examined the association
between daily MVPA and change in mobility function
among community-dwelling older women aged 75 years and
above. The results showed that objectively measured MVPA
predicted the future need of walking device or assistance,
independent of LPA and other potential confounders. In
contrast, LPA was not related to the study outcome when
controlling for MVPA and other confounding factors. Our
results indicate that 60min/wk can be appropriate amount of
MVPA for the target population due to the small sample size.
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