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Abstract

The aging process is commonly associated with declines in health, cognitive function and
well-being. However, lifestyle factors like diet, alcohol consumption, smoking and physical
activity were repeatedly highlighted as predictors of a healthy aging process. However, recent
research has shown that physical activity is the strongest predictor of health in older adults.
Recent studies have confirmed the strong effect of physical activity on cardiovascular,
metabolic, musculoskeletal and mental health in this age group, while the World Health
Organization and other bodies have published physical activity guidelines. Despite the
overwhelming evidence of the positive effects of physical activity older adults around the
globe tend to be inactive. An effective way to increase the physical activity levels in older

adults is physician consultation, and this should be implemented widely.
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Introduction
Physical activity (PA) appears to be one of the most used buzzwords when it comes to viable
means to improve health and prevent diseases across all age groups (World Health
Organization, 2010). Even though the literature basis concerning PA and health is increasing
steadily, and in order to provide a precise picture about the health related effects and benefits
of PA in especially older adults, as one of the core intentions of this paper it appears to be
necessary to precisely define what this term means. For the purpose of this article and as used
by most researchers PA refers to any bodily movement employing the skeletal muscles that
results in increased energy expenditure compared with the resting rate. Exercise is a
subcategory of PA as it incorporates planned, structured and repetitive movements that are
performed in order to maintain or improve health and fitness (Caspersen, Powell, &
Christenson, 1985; INSERM, 2008). The term sport describes another subset of PA and
means that exercises are performed in a specialized and organized form in order to improve
competitive performance (INSERM, 2008). The latter will not be of relevance for this article
as its main goal is not health or well-being.

In this literature review the focus will be on PA and exercise as means to benefit older

adults in terms of health and longevity.

Benefits of Physical Activity

The benefits of physical activity, including, but not limited to exercise are well documented
in the scientific literature, starting from the seminal work of Morris and colleagues (1953)
who reported positive association between work-related physical activities and lower risk of
cardiovascular disease as well as all-cause mortality (Morris & Heady, 1953; Morris, Heady,
Raffle, Roberts, & Parks, 1953). Recently, Warburton and his research group (2010, 2007,

2006) conducted extensive reviews on health benefits of PA in adults and found that regular



PA is associated with lower risks of all-cause mortality and useful in primary and secondary
prevention of several diseases (Warburton, 2006; Warburton, Katzmarzyk, Rhodes, &
Shephard, 2007; Warburton, Charlesworth, Ivey, Nettlefold, & Bredin, 2010).

According to the review by Warburton et al. (2010), drawing conclusions from 70
research studies, the relative risk of premature death can be reduced by a mean of 31%
comparing the least active with the most active group, while emphasizing that greater benefits
can be achieved with higher volumes and/or intensities of PA. However, also small
increments have a marked effect. Another study by Blair et al. (1995) showed that unfit
adults who implemented PA over a period of five years and therefore became physically fit
had 44% lower relative risk of death compared to individuals who remained unfit, a finding
highlighting elevated mortality benefits for people with initially low PA levels. Additionally,
Myers, Prakash, Froelicher, Partington and Atwood (2002) examined the effects of PA on all-
cause mortality in individuals with already existing chronic disease risk factors and found
strong risk reductions among people who were active and/or more physically fit.

PA plays a major and independent role in the prevention of cardiovascular disease
and was found to reduce the mean relative risk by 33%, which is similar to the effects of PA
in terms of stroke (31%) and hypertension (32%) when comparing high active and low active
individuals (Warburton et al., 2010). Patients in cardiac rehabilitation also benefit from PA
(here in form of exercise) as it improves the disease process and reduces the occurrence of
premature death (Taylor et al., 2004a).

There has been a tremendous amount of research activities regarding the primary as
well as secondary prevention effects of PA concerning breast and colon cancer. Leisure and
work related PA is responsible for mean relative risk reductions of 30% for breast and 20%
for colon cancer (Warburton et al., 2010). Additionally, a study by Lee (2003) indicated that

higher intensities are associated with greater risk reduction, but also lower PA levels have



significant benefits. The decrease of cancer related risk of death and recurrence of breast
cancer through PA was observed in another trial with women diagnosed with the disease
(Holmes, Chen, Feskanich, Kroenke, & Colditz, 2005).

Type 2 diabetes is one of the strongest increasing chronic diseases globally (Wild,
Roglic, Green, Sicree, & King, 2004) and can be demonstrably prevented with healthy
lifestyles, incorporating aerobic and resistance activities, that are significantly more effective
than Metformin treatment a medication commonly given to people at risk (Knowler et al.,
2002). The mean relative risk reduction as shown by Warburton et al. (2010) is 42%
comparing least active with highly active groups. Specifically, each weekly 500kcal increase
in energy expenditure accounts for a 6% risk reduction (Helmrich, Ragland, Leung, &
Paffenbarger Jr, 1991) implying that even small changes in PA behavior are associated with
positive effects, a finding most relevant to at-risk individuals. The health risks related to
obesity, one of the most relevant precursors of type 2 diabetes can be buffered with regular
PA even without significant changes in body weight (He & Baker, 2004). Furthermore,
premature death of patients suffering from type 2 diabetes can be reduced by 39% (any cause)
and 34% (cardiovascular disease) by walking for two hours weekly compared with no
walking activity (Gregg, Gerzoff, Caspersen, Williamson, & Narayan, 2003).

Despite the various effects of PA in terms of somatic health its associations with
mental health outcomes are of emerging interest. A literature review by Penedo and Dahn
(2005) found significant positive relationships between aerobic exercise and improvements in
depression compared to psychotropic treatment. The same review also indicated improved
mood, reductions of symptoms of depression and anxiety through PA. Small effects of PA on
global self-esteem and mental health-related quality of life are further indications of the

importance of an active lifestyle in terms of mental health (Warburton et al., 2007).



In short, PA has a significant impact in the prevention of premature death, the risk
reduction and secondary prevention of several chronic diseases as well as improved mental
status and well-being. Generally, the amount of PA is associated with the quality of the
specific benefits, whereas small increments are also effective (Blair et al., 1995), a fact that
should encourage especially people with low PA and existing risk factors who benefit

markedly from increased activity levels.
The aging process

Aging cannot be explained by a single cause, but as a complex process that depends on the
interaction of intrinsic (genetic), extrinsic (psychosocial and environmental) and stochastic
factors (random damage of vital molecules) (Weinert & Timiras, 2003). Hence, aging can be
experienced differently by different individuals. To accommodate this notion Gremeaux et al.
(2012) highlighted the existence of three theoretical profiles of aging, which are important for
adequately addressing question related to aging. Regular or normal aging refers to gene-
determined declines in physiological functions and processes, whereas cardiorespiratory and
musculoskeletal changes are most important.

In advanced age aerobic fitness decreases faster than the usual rate of 5%-10% per
decade in untrained individuals implying reduced oxygen carrier capacity of the
cardiovascular system that was found to decline more than 20% every ten years for
individuals in their seventies and beyond (Fleg et al., 2005). Geriatric sarcopenia is a
common syndrome among older adults showing a prevalence of 5%-13% in people aged 60-
70 years and 11%-50% in individuals aged 80 years and older (Morley, 2008), and is defined
as declining muscle mass and muscle strength or performance (Cruz-Jentoft et al., 2010) as a
result of the aging process itself as well as lifestyle factors or diseases etc. (Doherty, 2003).

Both conditions (among others), even though considered as normal, have strong influences on



quality of life, functional independence and mortality of older adults (Chodzko-Zajko,
Proctor, Singh, Salem, & Skinner, 2009; Gremeaux et al., 2012).

Pathological aging is associated with accelerated aging processes and is mostly related
to diseases. The predicate successful aging, as the gold standard for aging, and accounts for
only about 8.5% of the non-institutionalized European and Israeli population over 50 years
(Hank, 2011) and means the “[...] avoidance of disease and disability, maintenance of high
physical and cognitive function, and sustained engagement in social and productive activities”

(Rowe & Kahn, 1997, p. 439).

Factors influencing health of older adults and the aging process

The aging profile and the health of older adults can be significantly impacted by so called
lifestyle factors as they influence the occurrence of chronic disease and the risk of premature
death. According to World Health Organization modifiable lifestyle factors are tobacco use,
alcohol consumption, diet and PA (plus sedentary behavior) (World Health Organization,
2013). A review by Sddergren (2013) on the predictors of healthy aging in men reported that
extended life expectancy accompanied by good health condition and lower probability of
disability is strongest associated with PA and non-smoking behavior, while the impact of
dietary pattern and alcohol consumption is either not yet fully understood or not as relevant
as PA and smoking (Sodergren, 2013). Hazard ratios for all-cause mortality in older women
were assessed in a large scale European study. The results clearly indicate the trailblazer role
of PA in the prevention of premature death from any cause as the hazard ratio was 0.63 (ClI:
0.55-0.72) and therefore lower than those associated with smoking (0.65; CI: 0.57-0.75), diet
and moderate alcohol consumption (Knoops et al., 2004).

Drawing from the aforementioned studies, PA is an integral, non-pharmaceutical way

to benefit health and expand quality lifespan in older adults (Chodzko-Zajko et al., 2009;



Vogel et al., 2009). In order to provide a more comprehensive picture concerning the
association between health and PA in elderly the following chapter will introduce the current

evidence on that matter.

Physical activity and mortality in older adults

One of first longitudinal cohort studies reporting on the association between physical activity
and mortality that included older adults (age range: 35-74 years) was conducted by the
pioneer of physical activity and longevity research Ralph Paffenbarger and colleagues (1986)
in a sample of 16,936 male Harvard alumni who enrolled between 1916 and 1950. The
research team found a steady decline of death rates associated with increasing energy
expenditure from less than 500 to 3500 kcal per week. Even with adjustment for other risk
factors mortality among active alumni was significantly lower, leading to a mean additional
life span of one to more than two years (Paffenbarger Jr, Hyde, Wing, & Hsieh, 1986). Lee
and Paffenbarger (2000) further collected data on the same group and published the results
from the period between 1977 and 1992. The analysis of the data collected in the study cohort
that consisted then of subjects above 50 years revealed that age adjusted mortality declined
with increasing energy expenditure. The most active elderly added a mean of 1.5 years
(95%Cl: 0.85-2.15) to their lifes compared to the least active group.

These results from the Harvard alumni health research were confirmed in several
other studies. A research group from the United States found a significant relationship
between the weekly amount of PA and mortality risk reduction of up to 40% in older adults
with a mean age of 73 years (Fried et al., 1998). Another study examined the relation
between different levels of PA and total life expectancy in older adults which increased
proportionally with higher activity levels. Individuals with moderate or high activity levels

enjoyed an extended lifespan of more than 1.3 and 3.5 years respectively (Franco et al., 2005).



Furthermore, a recent study by Fortes et al. (2013) investigated the role of walking on
longevity in the very old in Italy. After a follow-up of 10 years the researchers concluded that
subjects who walked four times per week for about 15 minutes had halved the risk of

mortality compared to those who did either not walk or walked significantly less frequent.

Physical activity and cardiovascular health in older adults

There is a large amount of evidence confirming the positive effects of PA for cardiovascular
health in older adults. Older study participants in higher activity groups were found to live
1.1 to 3.2 years longer without a cardiovascular disease compared to low activity groups.
Additionally, participants with a cardiovascular disease enjoyed a longer life if they were
moderately to vigorously active (not significant) (Franco et al., 2005). Similarly, a review and
meta-analysis by Taylor et al. (2004) reported that exercise-based cardiac rehabilitation
programs reduced the cardiac and total mortality in older adults about 36% and 20%
respectively. Mortality effects were consistent across a number of coronary heart diseases.
Effects of a 6 months aerobic exercise program on cardiorespiratory health were also found in
adults aged 80 years and older who were more prone of declining functional capacity. After
the intervention period, oxygen consumption and peak oxygen pulse increased significantly
compared to pre-intervention measures (Vaitkevicius et al., 2002). Finally, Mazzeo and
Tanaka (2001) highlighted in an earlier review that older individuals who have been very
inactive benefit greatly from light to moderate PA in terms of cardiovascular health, whereas
active individuals are required to increase exercise intensities for further health gains.

Vogel et al. (2009) and other research groups emphasized the benefits of PA and
exercise in terms of the lipid profile, body composition, type 2 diabetes and hypertension as
metabolic risk factors for cardiovascular diseases (Mazzeo & Tanaka, 2001; Petrella,

Lattanzio, Demeray, Varallo, & Blore, 2005).



The effects of PA adoption in late life on metabolic risk factors were assessed in a 10
years follow-up study (Petrella et al., 2005). Individuals who had an at least 80% program
compliance (3 times 30-45min aerobic exercise per week) enjoyed a significantly better lipid
profile then the inactive group. HDL cholesterol increased by 9% in the active and decreased
18% in the inactive group, whereas LDL cholesterol increased in both groups but to a lesser
extent in active individuals. The same study also found positive effects in terms of body
composition as the mean waist circumference of active subjects increased significantly less
than that of inactive participants (2.12% vs. 10.66%). Moreover, a position paper from the
American College of Sports Medicine noted that the total body fat mass can be reduced by up
to 3.4% via moderate to vigorous resistant activities and up to 4% can be lost with aerobic
exercise training over a trainings period of 2 to 9 months, while highlighting that higher
intensities account for stronger effects (Chodzko-Zajko et al., 2009).

The prevention of diabetes type 2 can also be achieved via aerobic PA or exercise.
Greater leisure time PA (gardening and cycling) was found to be associated with a lower
plasma glucose concentration and lower prevalence of glucose intolerance in non-diabetic
men between the ages 60 and 89 over a five year period (van Dam, Schuit, Feskens, Seidell,
& Kromhout, 2002). Furthermore, higher aerobic exercise intensities seem to improve
glucose utilization to a greater extend compared to low or moderate intensity levels, which
are effective as well, in before inactive elderly women (DiPietro, Dziura, Yeckel, & Neufer,
2006). Subjects already suffering from impaired glucose tolerance experienced reduced risk
of diabetes incidents of up to 65% when they increased leisure time PA from moderate to
vigorous within 4.1 years compared to individuals with lower activity levels (Laaksonen et al.,
2005).

Studies on PA and hypertension in older populations are scarce and the evidence is

less consistent compared to the evidence in younger age groups (Vogel et al., 2009).



However, a study by Braith et al. (1994) found a significant decrease in systolic and diastolic
blood pressure in an intervention group after a 6 months walking exercise program compared
to a control group. Another, more recent study discovered only a reduction in resting systolic
blood pressure, but not in diastolic blood pressure after 6 months aerobic exercise training in

men and women with a mean age of 84 years (Vaitkevicius et al., 2002).

Physical activity and musculoskeletal health in older adults

Muscle strength, power or performance are declining in older age leading to a higher
probability of falls, fractures and other health threatening conditions including sarcopenia
(Mazzeo & Tanaka, 2001). Resistance exercise training was found to be an effective way to
counteract these muscle related losses. Such training lead to increases in muscular strength
that were reported to be between 25% and greater than 100% according to a recent review
(Chodzko-Zajko et al., 2009). Muscular power is stronger related to functional performance
in older adults than muscle strength (Foldvari et al., 2000; Reid & Fielding, 2012) and can be
substantially increased with resistance training. Pereira et al. (2012) observed significant
improvements in muscular power, especially for the one repetition maximum in bilateral
bench press (68.1%) after a 12 weeks high speed power training in older women (Pereira et
al., 2012). Furthermore, old and young individuals increased muscle quality, defined as the
muscle performance per unit muscle volume or mass, in similar ranges (Ivey et al., 2000).
The effects of resistance training in terms of muscle endurance in older adults are not well
studied yet, but a few studies found that moderate to high training intensities lead to
improvements between 34% and 200% (Chodzko-Zajko et al., 2009).

The influence of aerobic PA on bone health of older adults is minimal. The American
College of Sports Medicine reviewed research on the effects of aerobic exercise training in

postmenopausal women. The researchers indicated that low intensity activities like walking
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can counteract the age-related bone loss in postmenopausal women that was 0.5%-1% per
year in sedentary controls. Higher intensity activities like stairs climbing or jogging lead to
better results in terms of bone health (Bloomfield, Little, Nelson, & Yingling, 2004). These
positive effects are usually only found in the bones directly involved in the particular activity
(Todd & Robinson, 2003). In contrast, strength training shows significantly stronger effects
on bone mineral density (BMD) (Cussler et al., 2003) while another study showed that BMD
increases, even though minimal, is related to increases in muscular strength (Stewart et al.,
2005). Generally, high intensity resistance training can preserve or improve BMD with a
direct relation between muscle and bone adaptations (Chodzko-Zajko et al., 2009).

The effects of physical activity and exercise in terms of bone health are often
attributed to the prevalence of fractures (Bloomfield et al., 2004). A trial by Feskanich, Willet
and Colditz (2002) compared the effects of hormone therapy and physical activity with
regard to the risk of hip fractures in older women. The most active group reduced the hip
fracture risk about 67% (no hormone use) and 71% (hormone use) respectively compared to

the least active group without any hormone treatment.

Physical activity and the immune system in older adults

Organ resistance decreases with advancing age leading to functional declines of the immune
system. That in turn leads to more infectious diseases and a weaker response to vaccination in
older adults (Goodwin, Viboud, & Simonsen, 2006). Apart from surgeries and other immune-
therapeutic procedures that are commonly applied in generally healthy people, lifestyle
factors including PA seem to influence the immune system in older adults.

Adaptations to regular, moderate PA have been associated with improved antioxidant
defence mechanisms. The higher production of free radicals, which are responsible for tissue

damage, through exercise is in itself not positive but these free radicals are partly responsible
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for beneficial exercise adaptations (Sachdev & Davies, 2008). Impressive effects of PA have
been found in relation to leukocyte telomere length, the most important marker of biological
aging because it acts as an indicator of morbidity and mortality (Simpson et al., 2012). A
study by Cherkas et al. (2008) reported a 200 nucleotides difference in telomere length in
very active compared to the least active adults with a mean age of 49 years (previous 12
months leisure PA). This difference in length suggests that inactive individuals are
biologically 10 years older than their active temporaries. The dose-response relationship in
older individuals (50-70 years) was investigated by Ludlow et al. (2008). The research team
discovered that long term energy expenditures less than 990 kcal and more than 3541 kcal per
week are significantly associated with shorter telomere length compared to expenditures that
are common in moderate activity, thus suggesting an inverted U relationship between PA
intensity and telomere length. Telomerase as a result of PA was not observed.

Viral infections like influenza and secondary infections are a common health threat
for older adults. Martin, Pence and Woods (2009) reviewed the literature on PA and
respiratory viral infections in the general population and found that acute or chronic moderate
exercise is supportive in its prevention. Exercise also reduces the symptoms of viral
infections and increases viral clearance. On the contrary, vigorous exercise showed negative
results. Additionally, exercise improved the vaccine efficiency in older people, which is
important because the effects of vaccines are significantly weaker in this age group (young
adults: 70-90% vs. older adults: 17-53%) leading to higher risks of infections (Goodwin et al.,
2006). Greater increase in antibody titer to HIN1 and H3N2 after immunization was
observed in moderately exercising adults compared to inactive controls after (Kohut et al.,
2004). Furthermore, the association between age-related chronic inflammation and long-term
physical activity was investigated in a large scale (n=368) randomized controlled trial by

Beavers, Hsu and Ismon (2010). The researchers compared the effects of a 12 months
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moderate PA program with an education program. Significant reductions of the biomarker
interleukin-8, which is involved in the recruitment of leucocytes in inflamed areas, were
found in the PA compared to the education group. After adjustment for multiple comparisons
there were no significant effects of PA on any inflammatory markers, a finding that requires

more in-depth investigation.
Physical activity and the cognitive system in older adults

Cognitive decline in its various forms is a normal age-related process leading to many
problems and diseases, like Alzheimer which is responsible for dementia, in older age. So far,
pharmaceutical therapies are only modestly effective, while modifiable lifestyle factors
having a strong impact on the respective prevalence rates (Barnes & Yaffe, 2011). Promising
results concerning the association between PA, exercise and cardiorespiratory fitness, and
brain health in later life were found in a recent review conducted by Errickson, Gildengers

and Butters (2013).

An early study by Spirduso (1975) could already show that older adult athletes
outperform more sedentary peers in many cognitive tasks. Another trial indicated that PA
earlier in life predicts better cognitive performance and less cognitive impairment in older
age. Especially teenage PA lead to less cognitive impairment with an odds ratio of 0.73
(95%Cl: 0.58-0.92) (Middleton, Barnes, Lui, & Yaffe, 2010). A meta-analysis concluded that
the effects of aerobic fitness on cognitive domains are general and specific, because many
domains improved after several months while executive functions were significantly more
enhanced than controlled, visuospatial or speed functions (Colcombe & Kramer, 2003). For
example, the increment of PA over 3 to 6 months lead to increased general cognitive

performance of 0.5 SD (Colcombe & Kramer, 2003) while another study on older adults
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discovered increased executive functions like planning, scheduling, inhibition and working

memory but no effects in other domains (Kramer et al., 1999).

The evidence reveals a noticeable picture. First, it seems that some brain regions and
networks, especially those supporting executive functions, are more sensitive to PA than
other areas (specifity). This is important because the brain shrinks about 1% to 2% per year
from the age of 55, especially in the prefrontal cortex and hippocampus, the regions
responsible for memory and executive functions (Raz et al., 2005). Second, the brain seems
to be modifiable well into late adulthood (plasticity) which can be detected in improved

cognitive functions (Colcombe & Kramer, 2003; Erickson et al., 2013).

With this, researchers observed more brain volume in active older adults (aerobic
exercise only) than in inactive older adults (Colcombe et al., 2006). Additionally, higher
hippocampal volume of up to 2% was associated with higher fitness levels, while people with
higher baseline PA levels showed reduced loss of hippocampal volume (Erickson et al., 2009;
Erickson et al., 2011). Finally, increased hippocampal volume was reported to significantly
influence memory functions in the elderly (Erickson et al., 2011). The mentioned benefits of
PA also apply to sedentary older adults who become active (Colcombe et al., 2006). In short,
it can be highlighted that regular PA has consistent and robust effects on the brain which
leads to improvements in cognitive performance (Erickson et al., 2013) and reduced

impairment (Laurin, Verreault, Lindsay, MacPherson , & Rockwood, 2001).
Physical activity and mental health in older adults

In 2013 the World Health Assembly published their first action plan for global mental health.
This shows a growing relevance for mental health issues, while urging member states to act
towards a better mental health state of their populations with the best scientific evidence

(World Health Assembly, 2013). Although the meaning of the term mental health is still
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under debate, mental disorders like depression, dementia and anxiety, which are highly
prevalent in older adults (Yasamy, Dua, Harper, & Saxena, 2013), indicate disturbances of
mental health. Mental health is an integral part of general health and means to preserve a
healthy mental state are under research (Almeida, Norman, Hankey, Jamrozik, & Flicker,
2006). Smoking and a sedentary lifestyle have been reported to contribute significantly to
negative mental health and also well-being (as a part of mental health) in older adults

(Yasamy et al., 2013).

Almeida and colleagues (2006) (Almeida et al., 2006) investigated the impact of PA
in terms of mental health in 601 men in their 80’s. The research group found that successful
mental health aging was directly associated with vigorous and non-vigorous PA over a period
of five years with reduced risks of 89% and 50% for dementia and depression respectively.
Further, the longitudinal case-control study by Pasco et al. (2011) found physical activity to
be protective against the likelihood of depressive and anxiety disorders (OR = 0.55, 95% ClI
0.32-0.94, p = 0.03) in adults aged 60 and older after a mean follow-up of 4.1 years. Older
people with already existing major depressive symptoms were examined in another study that
tested the antidepressant efficacy of exercise and pharmaceutical treatment (Blumenthal et al.,
1999). After the trial period of 16 weeks the results indicated good antidepressant efficacy of
the exercise, medical treatment and the combination of both, with no differences between the
groups. PA was proposed to also influence general life satisfaction and well-being via
improved self-efficacy, self-esteem and affective/emotional experiences which mediate the
effects of PA (Elavsky et al., 2005). A 6 months walking program with 174 adults with a
mean age of 66.7 years revealed that PA has significant direct effects on self-efficacy, self-
esteem and affect after one year follow-up, whereas after 5 years PA influenced self-esteem
and affect significantly (Elavsky et al., 2005). In conclusion, PA, also in light intensity

influences mental health considerably and is equally effective as antidepressant medication.
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Physical activity in the very old

Centenarians live about 50% longer than the world average and this group increases 8%
while the world population increases only 1% annually (Perls, Levenson, Regan, & Puca,
2002). Therefore, this age cohort seems to be an excellent group to study the secrets of
longevity (Venturelli, Schena, & Richardson, 2012). Even though genetic factors play an
important role in terms of lifespan, the impact of modifiable lifestyle factors cannot be

underestimated (Perls and Terry, 2003).

The first studies on centenarians were conducted more than 100 years ago and the
importance of the lifestyle factor PA was already mentioned in the early research. Currently,
some scientists even argue that PA is the most important lifestyle factor in terms of disease
prevention and health in centenarians (Venturelli et al., 2012). Ozaki and colleagues (Ozaki,
Uchiyama, Tagaya, Ohida, & Ogihara, 2007) found health in centenarians to be significantly
correlated with PA and recommended regular PA for the very old. With this,
cardiorespiratory fitness and handgrip strength have shown to influence health and
independence in centenarians considerably (Franke, Margrett, Heinz, & Martin, 2012;
Paterson, Govindasamy, Vidmar, Cunningham, & Koval, 2004). However, more research is
necessary to come to a firm conclusion in terms of PA and healthy longevity, especially in
the very old because a recent study could not proof a correlation between PA habits and
longevity when independent very old people were compared with the normal population of

very olds (Rajpathak et al., 2011).

Physical activity recommendation for older adults
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Based on the evidence of the beneficial health effects of PA for older adults and due to the
low PA levels in this population the American College of Sports Medicine and the American
Heart Association published PA recommendations for people aged 65 years or older (Nelson
et al., 2007). It is recommended that older adults perform either 30min of moderate aerobic
exercise on at least five days per week or 20min of vigorous aerobic activity on three days
weekly. Compared to the guidelines for adults under the age of 65 the intensity of the
activities for older adults is not absolute but subjective because of great individual differences
in functionality and fitness. Further, it is advised that older adults engage in moderate to high
intensity muscle-strengthening exercise using the major muscle groups on at least two
nonconsecutive days per week. Flexibility and balance exercise should be performed on a
regular basis as well (about two days per week for 20min) in order to improve functionality
and prevent falls. Finally, it is emphasized that greater amounts of PA also come with more

health benefits (Nelson et al., 2007).

The World Health Organization (WHO) also highlighted the positive health effects of
regular PA when they published their document on global PA recommendations for older
adults in 2010 (World Health Organization, 2010). These guidelines are similar to the
aforementioned. Additionally, the WHO mentions that even smaller amounts of PA are
beneficial for health and that it is therefore advisable to take a gradual stepwise approach
towards initiation and maintenance of PA based on individual capabilities (Chodzko-Zajko et

al., 2009; Taylor et al., 2004).

Physical activity participation in older adults
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Despite the global release of PA guidelines and the widespread promotion of PA participation
in older age PA prevalence rates indicate a threatening picture. For England Taylor et al.
(2004) reported that only 13% of men and 10% of women between 65 and 85+ years are
walking brisk for at least 15min per day, while a strong decline was observed with increasing
age. Further, only about 10% are active at recommended levels with the strongest PA drop at
74 years. Data from the U.S. display a similar picture with older adults are generally less
active then younger groups (Chodzko-Zajko et al., 2009). Troiano et al. (2008) measured PA
with accelerometers in a large cohort and found that activity counts declined with age with
the lowest amount for people who are 60 years or older. Additionally, mean time spent in
vigorous intensity activities did not differ from zero, while moderate activities ranged from 6
to 10 minutes per day. Finally, only 2.4% of older adults adhered to the PA guidelines

mentioned earlier.

Low activity levels of older adults are not only present in global north countries as
shown by Abouzeid, Macniven and Bauman (2008) in their comprehensive work on the PA
levels in Asia-Pacific. Of the 24 countries that collected PA data of older adults 20 indicated
that PA declines with age and, that older adults are the least active group (data from China
was contradictory, but some surveys confirmed this trend). Surveys from Japan, Singapore,

Taiwan and Tokelau did not confirm this general trend.
Barriers and motivators of physical activity in older adults

The lack of PA in older adults and the associated consequences necessitated and still
necessitates research on barriers and enablers of PA participation in order to develop
sustainable promotion approaches. These factors or predictors are partly unique to older
adults and cannot be directly translated from other age groups. A comprehensive overview on

barriers and motivators of PA in older adults comes from a paper by Schutzer and Graves
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(2004). While health issues, the environment, existing knowledge, self-efficacy, prompts and
certain demographic variables are strong predictors for PA participation in older adults the
researchers highlighted the key role of physicians in promoting PA among a population that

has frequent contact with their doctors (Schutzer & Graves, 2004).
The role of physicians in promoting PA in older adults

In 2010, a study by Hsiao, Cherry, Beattly and Rechtsteiner found that on average every U.S.
American visits his/her physician three times annually. The amount of visits is higher among
older adults (Rattay et al., 2013). The regular contact or care continuity for a variety of health
and even personal issues creates positive interaction and communication, and it generates a
relationship of trust. Particularly, older adults seem to value such a relationship (Pandhi &
Saultz, 2006). Hence, the physician who reaches many health-advice-seeking people can
influence lifestyle parameters, because patients consider their general practitioner (GP) as the
most trusted source for health information (Kreuter, Chheda, & Bull, 2000). Consequently,
physicians or other clinicians can and should play a key role in promoting PA in the general
population and especially in older adults who greatly benefit from more PA (Pinto, Goldstein,

Ashba, Sciamanna, & Jette, 2005).

Yet, only about one third of adult patients received counseling from their GPs to
increase PA (Eakin, Brown, Schofield, Mummery, & Reeves, 2007; Glasgow, Eakin, Fisher,
Bacak, & Brownson, 2001). A German study that examined the frequency of PA advice
given to older adults came to similar results as only one third of the 1937 patients reported
any PA counseling from their GP (Hinrichs et al., 2011). This study also confirmed earlier
findings highlighting that PA counseling is mostly given to patients who have health
problems (Eakin et al., 2007). Thus, the potential preventive impacts of PA are

underestimated among physicians.
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Reasons for the low frequency of PA advice given by physicians are reported in

various research articles. Most prevalent barriers are:

Lack of time for PA advice during consultation

e Lack of PA consultation skills, training and/or knowledge

e Lack of institutional support

e Little of no reimbursement for PA consultation

e Competing demands of providing a broad range of preventive and non-

preventive services

e Preference of patients for drug-treatment (Hinrichs et al., 2011; Tulloch,

Fortier, & Hogg, 2006; Wee, McCarthy, Davis, & Phillips, 1999)

PA topics under recognized in medical journals (Dupen, Bauman, & Lin, 1999)

These reasons are compelling, but so is the success of physical activity counseling
interventions carried out in primary care. The impact of PA counseling in the general
population was examined in a review by Tulloch, Fortier and Hogg (2006). The research
group found that 50% of the interventions that were based solely on physicians’ advice
changed PA behavior positively in short- and also long-term. Better results were reported
when the intervention was carried out by a health care professional or when physicians’
advice was combined with a health care professional intervention. For example, the effects of
a brief PA advice by physicians was compared with an extended PA advice intervention that
included face-to-face counseling with a health educator, tailored PA prescription, counseling
phone calls and mailed tip sheets in adults aged 65 years or older (Pinto et al., 2005).

Objective and subjective measures of PA indicated a significantly stronger increase of PA
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after 3 and 6 months in the group that received the extended PA advice intervention. But also
the group that received only a brief PA advice for about 3 minutes increased their PA levels
considerably (e.g. 16.60 min/week increase compared to baseline). Thus, even low cost and
short time interventions can lead to desirable PA increments in older adults (Pinto et al.,
2005), while more comprehensive approaches seem to be more successful. Increasing PA in
older adults was also observed in a trial carried out in New Zealand that implemented a
system that allows physicians to prescribe PA (Green Prescription) (Kerse, Elley, Robinson,
& Arroll, 2005). Individuals who received a PA prescription that included individual PA
counseling with an exercise specialist, regular phone calls and newsletters increased their
leisure time PA and energy expenditure significantly after 12 months compared to a usual
care group. On average leisure time PA increased 40min per week, an effect that is modestly

stronger than in younger individuals.

In short, the evidence displays a relatively clear picture about the effectiveness of PA
counseling in primary care for older adults. Herein, PA advice from the personal physician
who has strong credibility marks the first step in raising PA levels and should become a
routine (Nelson et al., 2007). Furthermore, in order to effectively utilize the potential of PA
consultation a multidisciplinary team needs to be involved in the counseling process to
reduce the burden of the physicians and to increase sustainability via individual tailoring and

follow-up (Tulloch et al., 2006).

Conclusion
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Physical activity is one of the strongest predictors of health and longevity in older adults.
Effects of PA are not limited to physiological outcomes, but also affect cognitive and mental
domains. The evidence clearly indicates that moderate to vigorous activities are best
associated with health and extended life span in older adults, whereas increases of PA up to a
certain level are responsible for elevated benefits. Individuals with low PA levels do also
benefit from less intense activities. Aerobic exercise appears to be the most important factor
for overall health, whereas strength training specifically improves the health of the
musculoskeletal system. Finally, PA and exercise are effective non-pharmaceutical and cost
effective means to promote successful aging and specific PA counseling should become

routine in primary care.

22



References

Abouzeid, M., Macniven, R., & Bauman, A. (2008). Regional Physical Activity Prevalence in
the Asia-Pacific Region. Sydney. Retrieved from http://www.ap-
pan.org/modules/sections/index.php?op=viewarticle&artid=7

Almeida, O. P., Norman, P., Hankey, G., Jamrozik, K., & Flicker, L. (2006). Successful
mental health aging: results from a longitudinal study of older Australian men. Am J

Geriatr Psychiatry, 14(1), 27-35.

Barnes, D. E., & Yaffe, K. (2011). The projected effect of risk factor reduction on
Alzheimer's disease prevalence. The Lancet Neurology, 10(9), 819-828.
doi:10.1016/S1474-4422(11)70072-2

Beavers, K. M., Hsu, F.-C., Isom, S., Kritchevsky, S. B., Church, T., Goodpaster, B., ...
(2010). Long-term physical activity and inflammatory biomarkers in older adults.

Medicine and Science in Sports and Exercise, 42(12), 2189-2196.

Blair, S. N., Kohl, H. W., Barlow, C. E., Paffenbarger, R. S., Gibbons, L. W., & Macera, C.
A. (1995). Changes in physical fitness and all-cause mortality. JAMA, 273(14), 1093-1098.

Bloomfield, S. A, Little, K. D., Nelson, M. E., & Yingling, V. R. (2004). Position stand.
Physical activity and bone health. Medicine and Science in Sports and Exercise,

195(9131/04), 3611.

Blumenthal JA, Babyak MA, Moore KA, Craighead WE, Herman S, Khatri P, ... (1999).
EFfects of exercise training on older patients with major depression. Archives of Internal

Medicine, 159(19), 2349-2356. doi:10.1001/archinte.159.19.2349

Braith, R. W., Pollock, M. L., Lowenthal, D. T., Graves, J. E., & Limacher, M. C. (1994).

Moderate- and high-intensity exercise lowers blood pressure in normotensive subjects 60

23



to 79 years of age. The American Journal of Cardiology, 73(15), 1124-1128.

doi:10.1016/0002-9149(94)90294-1

Caspersen, C. J., Powell, K. E., & Christenson, G. M. (1985). Physical activity, exercise, and
physical fitness: definitions and distinctions for health-related research. Public Health

Reports, 100(2), 126-131.

Cherkas LF, Hunkin JL, Kato BS, Richards B, Gardner JP, Surdulescu GL, ... (2008). The
association between physical activity in leisure time and leukocyte telomere length.

Archives of Internal Medicine, 168(2), 154-158. doi:10.1001/archinternmed.2007.39
Chodzko-Zajko, W. J., Proctor, D. N., Singh, M. A. F., Salem, G. J., & Skinner, J. S. (2009).

Position Stand. Exercise and physical activity for older adults. Medicine and Science in

Sports and Exercise, 41, 1510-1530.

Colcombe, S. J., Erickson, K. L., Scalf, P. E., Kim, J. S., Prakash, R., McAuley, E., ... (2006).
Aerobic Exercise Training Increases Brain Volume in Aging Humans. The Journals of

Gerontology Series A: Biological Sciences and Medical Sciences, 61(11), 1166-1170.
Colcombe, S., & Kramer, A. F. (2003). Fitness effects on the cognitive function of older

adults: A meta-analytic study. Psychological Science, 14(2), 125-130. doi:10.1111/1467-

9280.t01-1-01430

Cruz-Jentoft, A. J., Baeyens, J. P., Bauer, J. M., Boirie, Y., Cederholm, T., Landi, F., ...
(2010). Sarcopenia: European consensus on definition and diagnosis: Report of the
European Working Group on Sarcopenia in Older People. Age and Ageing, 39(4), 412—

423. doi:10.1093/ageing/afq034

Cussler, E. C., Lohman, T. G., Going, S. B., Houtkooper, L. B., Metcalfe, L. L., Flint-
Wagner, H. G, ... (2003). Weight lifted in strength training predicts bone change in

postmenopausal women. Medicine and Science in Sports and Exercise, 35(1), 10-17.

24



DiPietro, L., Dziura, J., Yeckel, C. W., & Neufer, P. D. (2006). Exercise and improved
insulin sensitivity in older women: evidence of the enduring benefits of higher intensity
training. Journal of Applied Physiology, 100(1), 142-149.

doi:10.1152/japplphysiol.00474.2005

Doherty, T. J. (2003). Invited review: aging and sarcopenia. Journal of Applied Physiology,

95(4), 1717-1727.

Dupen, F., Bauman, A. E., & Lin, R. (1999). The sources of risk factor information for
general practitioners: is physical activity under-recognised? The Medical Journal of
Australia, 171(11-12), 601-603.

Eakin, E., Brown, W., Schofield, G., Mummery, K., & Reeves, M. (2007). General
Practitioner Advice on Physical Activity--Who Gets 1t? American Journal of Health
Promotion, 21(4), 225-228.

Elavsky, S., McAuley, E., Motl, R. W., Konopack, J. F., Marquez, D. X., Hu, L., ... (2005).
Physical activity enhances long-term quality of life in older adults: efficacy, esteem, and
affective influences. Annals of Behavioral Medicine : a publication of the Society of
Behavioral Medicine, 30(2), 138-145. doi:10.1207/s15324796abm3002_6

Erickson, K. I., Gildengers, A. G., & Butters, M. A. (2013). Physical activity and brain
plasticity in late adulthood. Dialogues in Clinical Neuroscience, 15(1), 99.

Erickson, K. I., Prakash, R. S., Voss, M. W., Chaddock, L., Hu, L., Morris, K. S., ... (2009).
Aerobic fitness is associated with hippocampal volume in elderly humans. Hippocampus,
19(10), 1030-1039. doi:10.1002/hip0.20547

Erickson, K. 1., Voss, M. W., Prakash, R. S., Basak, C., Szabo, A., Chaddock, L., ... (2011).
Exercise training increases size of hippocampus and improves memory. Proceedings of

the National Academy of Sciences, 108(7), 3017—3022. doi:10.1073/pnas.1015950108

25



Feskanich D, Willet W, & Colditz GA. (2002). Walking and leisure-time physical activity

and risk of hip fracture in postmenopausal women. JAMA, 288(18), 2300-2306.
Fleg, J. L., Morrell, C. H., Bos, A. G., Brant, L. J.,, Talbot, L. A., Wright, J. G., & Lakatta, E.

G. (2005). Accelerated longitudinal decline of aerobic capacity in healthy older adults.

Circulation, 112(5), 674-682. doi:10.1161/CIRCULATIONAHA.105.545459

Foldvari, M., Clark, M., Laviolette, L. C., Bernstein, M. A., Kaliton, D., Castaneda, C., ...
(2000). Association of muscle power with functional status in community-dwelling elderly
women. The Journals of Gerontology Series A: Biological Sciences and Medical Sciences,
55(4), M192. doi:10.1093/gerona/55.4.M192

Fortes, C., Mastroeni, S., Sperati, A., Pacifici, R., Zuccaro, P., Francesco, F., ... (2013).
Walking four times weekly for at least 15 min is associated with longevity in a cohort of

very elderly people. Maturitas, 74(3), 246-251. doi:10.1016/j.maturitas.2012.12.001

Franco OH, de Laet C, Peeters A, Jonker J, Mackenbach J, & Nusselder W. (2005). EFfects
of physical activity on life expectancy with cardiovascular disease. Archives of Internal

Medicine, 165(20), 2355-2360. doi:10.1001/archinte.165.20.2355

Franke, W. D., Margrett, J. A., Heinz, M., & Martin, P. (2012). Handgrip strength, positive
affect, and perceived health are prospectively associated with fewer functional limitations
among centenarians. The International Journal of Aging and Human Development, 75(4),

351-363.

Fried LP, Kronmal RA, Newman AB, Bild DE, Mittelmark MB, Polak JF, ... (1998). Risk
factors for 5-year mortality in older adults: The cardiovascular health study. JAMA, 279(8),

585-592. d0i:10.1001/jama.279.8.585

Glasgow, R. E., Eakin, E. G., Fisher, E. B., Bacak, S. J., & Brownson, R. C. (2001).

Physician advice and support for physical activity: Results from a national survey.

26



American Journal of Preventive Medicine, 21(3), 189-196. doi:10.1016/S0749-
3797(01)00350-6

Goodwin, K., Viboud, C., & Simonsen, L. (2006). Antibody response to influenza
vaccination in the elderly: a quantitative review. Vaccine, 24(8), 1159-1169.

Gregg, E. W., Gerzoff, R. B., Caspersen, C. J., Williamson, D. F., & Narayan, K. M. (2003).
Relationship of walking to mortality among US adults with diabetes. Archives of Internal
Medicine, 163(12), 1440-1447.

Gremeaux, V., Gayda, M., Lepers, R., Sosner, P., Juneau, M., & Nigam, A. (2012). Exercise
and longevity. Maturitas, 73(4), 312-317. doi:10.1016/j.maturitas.2012.09.012

Hank, K. (2011). How “Successful” Do Older Europeans Age? Findings From SHARE. The
Journals of Gerontology Series B: Psychological Sciences and Social Sciences, 66(2),
230-236. doi:10.1093/geronb/ghq089

Helmrich, S. P., Ragland, D. R., Leung, R. W., & Paffenbarger Jr, R. S. (1991). Physical
activity and reduced occurrence of non-insulin-dependent diabetes mellitus. New England
Journal of Medicine, 325(3), 147-152.

He, X. Z., & Baker, D. W. (2004). Body mass index, physical activity, and the risk of decline
in overall health and physical functioning in late middle age. American Journal of Public
Health, 94(9), 1567—1573.

Hinrichs, T., Moschny, A., KlaaBen-Mielke, R., Trampisch, U., Thiem, U., & Platen, P.
(2011). General practitioner advice on physical activity: Analyses in a cohort of older

primary health care patients (getABI). BMC Family Practice, 12(1), 26. Retrieved from

http://www.biomedcentral.com/1471-2296/12/26

27



Holmes MD, Chen WY, Feskanich D, Kroenke CH, & Colditz GA. (2005). Physical activity
and survival after breast cancer diagnosis. JAMA, 293(20), 2479-2486.

doi:10.1001/jama.293.20.2479

Hsiao, C.-J., Cherry, D. K., Beatty, P. C., & Rechtsteiner, E. A. (2010). National Ambulatory

Medical Care Survey: 2007 summary. National health statistics reports, (27), 1-32.

INSERM. (2008). Activité physique: contextes et effets sur la santé. Expertise collective.

[Physical Activity: Contexts and effects for health. Expertise collection.] Paris.

Ivey, F. M., Tracy, B. L., Lemmer, J. T., NessAiver, M., Metter, E. J., Fozard, J. L., & Hurley,
B. F. (2000). Effects of Strength Training and Detraining on Muscle Quality: Age and
Gender Comparisons. The Journals of Gerontology Series A: Biological Sciences and

Medical Sciences, 55(3), B152. doi:10.1093/gerona/55.3.B152

Kerse, N., Elley, C. R., Robinson, E., & Arroll, B. (2005). Is Physical Activity Counseling
Effective for Older People? A Cluster Randomized, Controlled Trial in Primary Care.
Journal of the American Geriatrics Society, 53(11), 1951-1956. do0i:10.1111/j.1532-
5415.2005.00466.x

Knoops KB, de Groot LM, Kromhout D, Perrin AE, Moreiras-Varela O, Menotti A, & van
Staveren WA. (2004). Mediterranean diet, lifestyle factors, and 10-year mortality in
elderly European men and women: The hale project. JAMA, 292(12), 1433-14309.

doi:10.1001/jama.292.12.1433

Knowler, W., Barrett-Connor, E., Fowler, S. E., Hamman, R. F., Lachin, J. M., Walker, E. A,
& Nathan, D. M. (2002). Reduction in the incidence of type 2 diabetes with lifestyle
intervention or metformin. New England Journal of Medicine, 346(6), 393-403.

doi:10.1056/NEJM0a012512

28



Kohut, M. L., Arntson, B. A., Lee, W., Rozeboom, K., Yoon, K.-J., Cunnick, J. E., &
McElhaney, J. (2004). Moderate exercise improves antibody response to influenza
immunization in older adults. Vaccine, 22(17-18), 2298-2306.

doi:10.1016/j.vaccine.2003.11.023

Kramer, A. F., Hahn, S., Cohen, N. J., Banich, M. T., McAuley, E., Harrison, C. R., ...
(1999). Ageing, fitness and neurocognitive function. Nature, 400(6743), 418-4109.
doi:10.1038/22682

Kreuter, M. W., Chheda, S. G., & Bull, F. C. (2000). How does physician advice influence
patient behavior? Evidence for a priming effect. Archives of Family Medicine, 9(5), 426—
433.

Laaksonen, D. E., Lindstrom, J., Lakka, T. A., Eriksson, J. G., Niskanen, L., Wikstrom, K.,
... (2005). Physical activity in the prevention of type 2 diabetes. The Finnish Diabetes
Prevention Study. Diabetes, 54(1), 158-165.

Laurin D, Verreault R, Lindsay J, MacPherson K, & Rockwood K. (2001). Physical activity
and risk of cognitive impairment and dementia in elderly persons. Archives of Neurology,
58(3), 498-504. doi:10.1001/archneur.58.3.498

Lee, I.-M. (2003). Physical activity and cancer prevention-data from epidemiologic studies.
Medicine and Science in Sports and Exercise, 35(11), 1823-1827.

Lee, I.-M., & Paffenbarger, R. S. (2000). Associations of Light, Moderate, and Vigorous
Intensity Physical Activity with Longevity: The Harvard Alumni Health Study. American
Journal of Epidemiology, 151(3), 293-299.

Ludlow, A. T., Zimmerman, J. B. O., Witkowski, S., Hearn, J. W., Hatfield, B. D., & Roth, S.
M. (2008). Relationship between physical activity level, telomere length, and telomerase

activity. Medicine and Science in Sports and Exercise, 40(10), 1764-1771.

29



Martin, S. A., Pence, B. D., & Woods, J. A. (2009). Exercise and respiratory tract viral
infections. Exercise and Sport Sciences Reviews, 37(4), 157-164.

Mazzeo, R. S., & Tanaka, H. (2001). Exercise prescription for the elderly. Sports Medicine,
31(11), 809-818.

Middleton, L. E., Barnes, D. E., Lui, L.-Y., & Yaffe, K. (2010). Physical activity over the life
course and its association with cognitive performance and impairment in old age. Journal
of the American Geriatrics Society, 58(7), 1322-1326. d0i:10.1111/].1532-
5415.2010.02903.x

Morley, J. E. (2008). Sarcopenia: Diagnosis and treatment. The Journal of Nutrition Health
and Aging, 12(7), 452-456. doi:10.1007/BF02982705

Morris, J. N., & Heady, J. A. (1953). Mortality in relation to the physical activity of work: a
preliminary note on experience in middle age. British Journal of Industrial Medicine,
10(4), 245.

Morris, J. N., Heady, J. A., Raffle, P. A., Roberts, C. G., & Parks J. W. (1953). Coronary
heart-disease and physical activity of work. Lancet, 262(6796), 1111-1120.

Myers, J., Prakash, M., Froelicher, V., Do, D., Partington, S., & Atwood, J. E. (2002).
Exercise capacity and mortality among men referred for exercise testing. New England
Journal of Medicine, 346(11), 793-801. doi:10.1056/NEJM0a011858

Nelson, M., Rejeski, W., Blair, S., Duncan, P., Judge, J., King, A., ... (2007). Physical
activity and public health in older adults: Recommendation from the American College of
Sports Medicine and the American Heart Association. Circulation, 116(9), 1094-1105.
doi:10.1161/CIRCULATIONAHA.107.185650

Ozaki, A., Uchiyama, M., Tagaya, H., Ohida, T., & Ogihara, R. (2007). The Japanese

centenarian study: Autonomy was associated with health practices as well as physical

30



status. Journal of the American Geriatrics Society, 55(1), 95-101. doi:10.1111/j.1532-

5415.2006.01019.x

Paffenbarger Jr, R. S., Hyde, R., Wing, A. L., & Hsieh, C.-C. (1986). Physical activity, all-
cause mortality, and longevity of college alumni. New England Journal of Medicine,

314(10), 605-613.

Pandhi, N., & Saultz, J. W. (2006). Patients’ perceptions of interpersonal continuity of care.

The Journal of the American Board of Family Medicine, 19(4), 390-397.

Pasco, J. A., Williams, L. J., Jacka, F. N., Henry, M. J., Coulson, C. E., Brennan, S. L., ...
(2011). Habitual physical activity and the risk for depressive and anxiety disorders among
older men and women. International Psychogeriatrics, 23(2), 292—298.

doi:10.1017/S1041610210001833

Paterson, D. H., Govindasamy, D., Vidmar, M., Cunningham, D. A., & Koval, J. J. (2004).
Longitudinal study of determinants of dependence in an elderly population. Journal of the

American Geriatrics Society, 52(10), 1632-1638. doi:10.1111/j.1532-5415.2004.52454.x

Penedo, F. J., & Dahn, J. R. (2005). Exercise and well-being: a review of mental and physical
health benefits associated with physical activity. Current Opinion in Psychiatry 18(2),

189-193.

Pereira, A., Izquierdo, M., Silva, A. J., Costa, A. M., Bastos, E., Gonzélez-Badillo, J. J., &
Marques, M. C. (2012). Effects of high-speed power training on functional capacity and
muscle performance in older women. Experimental Gerontology, 47(3), 250-255.

doi:10.1016/j.exger.2011.12.010

Perls, T., Levenson, R., Regan, M., & Puca, A. (2002). What does it take to live to 100?
Mechanisms of Ageing and Development, 123(2-3), 231-242. doi:10.1016/S0047-

6374(01)00348-7

31



Perls, T. & Terry, D. (2003). Understanding the determinants of exceptional longevity.
Annals of Internal Medicine, 139(5 part 2), 445-449.

Petrella, R. J., Lattanzio, C. N., Demeray, A., Varallo, V., & Blore, R. (2005). Can adoption
of regular exercise later in life prevent metabolic risk for cardiovascular disease? Diabetes
Care, 28(3), 694-701.

Pinto, B. M., Goldstein, M. G., Ashba, J., Sciamanna, C. N., & Jette, A. (2005). Randomized
controlled trial of physical activity counseling for older primary care patients. American
Journal of Preventive Medicine, 29(4), 247-255. doi:10.1016/j.amepre.2005.06.016

Rajpathak, S. N., Liu, Y., Ben-David, O., Reddy, S., Atzmon, G., Crandall, J., & Barzilai, N.
(2011). Lifestyle factors of people with exceptional longevity. Journal of the American
Geriatrics Society, 59(8), 1509-1512. doi:10.1111/j.1532-5415.2011.03498.x

Rattay, P., Butschalowsky, H., Rommel, A., Pritz, F., Jordan, S., Nowossadeck, E., ...
(2013). Utilisation of outpatient and inpatient health services in Germany.
Bundesgesundheitsblatt-Gesundheitsforschung-Gesundheitsschutz, 5, 1-12.

Raz, N., Lindenberger, U., Rodrigue, K. M., Kennedy, K. M., Head, D., Williamson, A., ...
(2005). Regional brain changes in aging healthy adults: General trends, individual
differences and modifiers. Cerebral Cortex, 15(11), 1676-1689.
doi:10.1093/cercor/bhi044

Reid, K. F., & Fielding, R. A. (2012). Skeletal muscle power: a critical determinant of

physical functioning in older adults. Exercise and Sport Sciences Reviews, 40(1), 4-12.
Rowe, J. W., & Kahn, R. L. (1997). Successful aging. The Gerontologist, 37(4), 433-440.

Sachdev, S., & Davies, K. J. A. (2008). Production, detection, and adaptive responses to free

radicals in exercise. Free Radical Biology and Medicine, 44(2), 215-223.

32



Schutzer, K. A., & Graves, B. S. (2004). Barriers and motivations to exercise in older adults.

Preventive Medicine, 39(5), 1056-1061. doi:10.1016/j.ypmed.2004.04.003
Simpson, R. J., Lowder, T. W., Spielmann, G., Bigley, A. B., LaVoy, E. C., & Kunz, H.

(2012). Exercise and the aging immune system. Aging Research Review, 11(3), 404—420.

doi:10.1016/j.arr.2012.03.003

Sddergren, M. (2013). Lifestyle predictors of healthy ageing in men. Maturitas, 75(2), 113—

117. doi:10.1016/j.maturitas.2013.02.011

Spirduso, W. W. (1975). Reaction and movement time as a function of age and physical

activity level. Journal of Gerontology, 30(4), 435-440. doi:10.1093/geronj/30.4.435

Stewart, K. J., Bacher, A. C., Hees, P. S., Tayback, M., Ouyang, P., & Jan de Beur, S. (2005).
Exercise effects on bone mineral density: Relationships to changes in fitness and fatness.
American Journal of Preventive Medicine, 28(5), 453-460.

doi:10.1016/j.amepre.2005.02.003

Taylor, A. H., Cable, N. T., Faulkner, G., Hillsdon, M., Narici, M., & van der Bij, A. K.
(2004). Physical activity and older adults: a review of health benefits and the effectiveness
of interventions. Journal of Sports Sciences, 22(8), 703-725.

Taylor, R. S., Brown, A., Ebrahim, S., Jolliffe, J., Noorani, H., Rees, K., ... (2004a).
Exercise-based rehabilitation for patients with coronary heart disease: systematic review
and meta-analysis of randomized controlled trials. The American Journal of Medicine,

116(10), 682—-692. doi:10.1016/j.amjmed.2004.01.009

Todd, J. A., & Robinson, R. J. (2003). Osteoporosis and exercise. Postgraduate Medical

Journal, 79(932), 320-323. d0i:10.1136/pmj.79.932.320

33



Troiano, R. P., Berrigan, D., Dodd, K. W., Mésse, L. C., Tilert, T., & McDowell, M. (2008).
Physical activity in the United States measured by accelerometer. Medicine and Science in

Sports and Exercise, 40(1), 181.

Tulloch, H., Fortier, M., & Hogg, W. (2006). Physical activity counseling in primary care:
Who has and who should be counseling? Patient Education and Counseling, 64(1-3), 6—

20. doi:10.1016/j.pec.2005.10.010

Vaitkevicius, P. V., Ebersold, C., Shah, M. S,, Gill, N. S., Katz, R. L., Narrett, M. J., ...
(2002). Effects of aerobic exercise training in community-based subjects aged 80 and
older: A pilot study. Journal of the American Geriatrics Society, 50(12), 2009-2013.

d0i:10.1046/j.1532-5415.2002.50613.x

van Dam, R. M., Schuit, A. J., Feskens, E. J. M., Seidell, J. C., & Kromhout, D. (2002).
Physical activity and glucose tolerance in elderly men: the Zutphen Elderly study.
Medicine and Science in Sports and Exercise, 34(7), 1132-1136.

Venturelli, M., Schena, F., & Richardson, R. S. (2012). The role of exercise capacity in the
health and longevity of centenarians. Maturitas, 73(2), 115-120.

doi:10.1016/j.maturitas.2012.07.009

Vogel, T., Brechat, P.-H., Leprétre, P.-M., Kaltenbach, G., Berthel, M., & Lonsdorfer, J.
(2009). Health benefits of physical activity in older patients: a review. International

Journal Of Clinical Practice, 63(2), 303-320. d0i:10.1111/j.1742-1241.2008.01957.x

Warburton, D. (2006). Health benefits of physical activity: the evidence. Canadian Medical

Association Journal, 174(6), 801-809. doi:10.1503/cmaj.051351

Warburton, D. E., Katzmarzyk, P. T., Rhodes, R. E., & Shephard, R. J. (2007). Evidence-
informed physical activity guidelines for Canadian adults. Applied Physiology, Nutrition,

and Metabolism, 32(S2E), S16-S68. d0i:10.1139/H07-123

34



Warburton, D., Charlesworth, S., Ivey, A., Nettlefold, L., & Bredin, S. S. (2010). A
systematic review of the evidence for Canada’s physical activity guidelines for adults.
International Journal of Behavioral Nutrition and Physical Activity, 7(1), 39-219.

Wee CC, McCarthy EP, Davis RB, & Phillips RS. (1999). Physician counseling about
exercise. JAMA, 282(16), 1583-1588. doi:10.1001/jama.282.16.1583

Weinert, B. T., & Timiras, P. S. (2003). Invited review: Theories of aging. Journal of Applied
Physiology, 95(4), 1706-1716.

Wild, S., Roglic, G., Green, A,, Sicree, R., & King, H. (2004). Global prevalence of diabetes
estimates for the year 2000 and projections for 2030. Diabetes Care, 27(5), 1047-1053.
World Health Assembly. (2013). Comprehensive mental health action plan 2013-2020. Sixth

World Health Assembly A66/70.

World Health Organization. (2010). Global recommendations on physical activity for health.
Geneva: World Health Organization.

World Health Organization. (2013). Global action plan for the prevention and control of
noncommunicable diseases 2013-2020., Geneva: World Health Organization.

Yasamy, M. T., Dua, T., Harper, M., & Saxena, S. (2013). Mental health of older adults,
addressing a growing concern. In World Feferation of Mental HealthMental (Ed.), Mental

health and older people, October 10 2013 (pp. 4-9). Occoquan, USA: World Federation

of Mental Health.

35



