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Introduction

One of the most important goals of the health sys-
tem is to increase life expectancy, improve health 
and make healthy aging possible by limiting illnes-
ses to the shortest possible time at the end of life 
(65). Age-related neurodegenerative diseases (Par-
kinson’s Disease (56) and dementias (55)) are of in-
creasing importance to the quality of life as well as 
to mortality due to the demographic change (aver-
age life expectancy in Germany in 2016 was 81.53 

years for women, 75.19 years for men; in 1966 the 
figures were 65.26 resp. 70.03 years, or more than 
10 years shorter (8). From a neurological point of 
view, stroke is of particular relevance as an age-as-
sociated disease. 

The risk factors are in part identical for demen-
tias and stroke. The most important risk factor is 
age. Common risk factors of vascular dementia and 
Alzheimer-type dementia as well as stroke are 
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›› Cerebral infarcts and haemorrhages, dementia, Parkin-
soń s disease, sarcopenia, falls, and insomnia have in common 
that they frequently occur in higher ages, may considerably 
impair quality of life and cannot be primarily prevented by me-
dication. Regular physical activity and sports however have the 
ability to reduce the risk of these diseases. In this review, main-
ly the results of corresponding meta-analyses are presented. 
The current knowledge indicates that the risk of ischaemic or 
haemorrhagic strokes can by reduced by about one fifth to one 
fourth, that of cognitive decline by about one fifth to one third, 
and that of Parkinsoń s disease by about one third. 

›› The effective risk reduction probably is somewhat higher, 
since in the meta-analyses of the prospective cohort studies the 
known so-called vascular risk factors such as arterial hyperten-
sion, diabetes mellitus, and dyslipidaemia, which also profit by 
physical activity, have been taken into account. The question of 
possible reverse causality has been discussed. 

›› The risk of a sarcopenia may be reduced by one third to al-
most a half. Regular exercise, especially balance training, reduces 
the risk of falls by one fifth to one half. Also sleep disturbances 
are less frequent in physical active as compared to inactive in-
dividuals.

›› Den Schlaganfällen, Demenz-Erkrankungen, Stürzen und 
Schlafstörungen sowie der Parkinson-Krankheit und Sarkopenie 
sind gemeinsam, dass sie vor allem im höheren Lebensalter häu-
fig sind, die Lebensqualität erheblich beeinträchtigen können 
und bisher keine medikamentöse Primärprävention existiert. 
Regelmäßige körperliche Aktivität und Sport sind jedoch in der 
Lage, das Risiko dieser Erkrankungen zu verringern. 

›› In der vorliegenden Übersicht werden vor allem die Ergeb-
nisse entsprechender Metaanalysen vorgestellt. Diese zeigen, 
dass sich das Risiko eines Schlaganfalls um etwa ein Fünftel 
bis Viertel, das eines kognitiven Abbaus um etwa ein Fünftel bis 
Drittel und das einer späteren Parkinson-Krankheit um etwa ein 
Drittel reduzieren lässt. 

›› Die tatsächliche Risikoreduktion dürfte sogar noch höher 
ausfallen, da bei den den Metaanalysen zugrunde liegenden pros-
pektiven Kohortenstudien multivariate Analysen vorgenommen 
wurden, bei denen die diesen Erkrankungen teilweise zugrunde 
liegenden sog. vaskulären Risikofaktoren (arterielle Hypertonie, 
Diabetes mellitus, Dyslipidämien), die ihrerseits durch Sport po-
sitiv beeinflusst werden, als Kofaktoren berücksichtigt wurden. 
Die Frage einer möglicherweise umgekehrten Kausalität wird 
diskutiert. 

›› Das Risiko einer späteren Sarkopenie lässt sich um ein 
Drittel bis fast die Hälfte reduzieren. Regelmäßiges sportliches 
Training, insbesondere Gleichgewichtstraining, vermindert das 
Sturzrisiko um ein Fünftel bis zur Hälfte. Auch Schlafstörungen 
sind bei körperlich aktiven Personen deutlich seltener als bei in-
aktiven.
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arterial hypertension, insulin resistance, diabetes mellitus, 
adiposity, hyperhomocysteinemia, and hyperlipidemia (69). 
Common to the diseases cited is also a lack of possibility for 
influencing by medicational primary-preventive means – 
apart from treatment of the vascular risk factors. For this rea-
son, interest in a possibly non-medication prevention measure 
is especially great. The overview below deals with the prima-
ry-preventive effects of regular physical activity and of sports 
on the diseases cited. While there are controlled randomized 
studies on sports on various disease entities, prospective 
cohort studies usually limit themselves to recording overall 
physical activity. In addition sarcopenia, falls and sleep dis-
orders will be addressed, since they are also age-associated.

Basically, two variants of the way in which physical activity 
could influence the risk of neurological diseases are plausible: 
on the one hand directly and on the other via the so-called 
vascular risk factors. 

	 Effect of Physical Activity on the Vascular Risk Factors	

There are various meta-analyses available on the influence of 
sports training on blood pressure. For example, regular trai-
ning in water reduces the systolic blood pressure on average 
by 8.4mmHg, the diastolic pressure by 3.3mmHg (24). Dan-
cing reduces the systolic blood pressure by 12.01mmHg (95% 
confidence interval (CI): 16.08-7.94mmHg) and the diastolic 
pressure by 3.38 mmHg (95% CI: 4.81-1.94mmHg) (5). Strength 
training reduces systolic blood pressure on average by 5.20 
mmHg (95%-CI: 6.08-4.33mmHg) and diastolic pressure by 
3.91mmHg (95%-CI: 5.68-2.14mmHg) (25) resp. 8.2mmHg (CI: 
10.9-5.5) and 4.1mmHg (CI: 6.3-1.9) (6). Tai Chi reduces systolic 
blood pressure by 13.00mmHg (95%-CI: 21.24-4.77), the diastolic 
pressure by 6.13mmHg (95%-CI: 11.20-1.07) (75). Our own me-
ta-analyses in persons who were healthy, apart from possible 

arterial hypertension and adiposity, brought mostly smaller 
effects, depending on the type of sport. These were, however, 
overproportionally associated with the baseline blood pressu-
re, so that especially persons with arterial hypertension profit 
from regular training (47).

The risk of developing diabetes mellitus type 2 was found 
in the meta-analysis by Smith et al. (61) to be reduced by 26% 
(95%-CI: 20%-31%) in those who spent 11.25 MET h/week (=150 
minutes/week moderate physical activity), compared to physi-
cally inactive persons. Bellou et al. (3) report a risk reduced by 
25% (95%-CI: 21%-30%) in physical leisure activity.

Unlike earlier meta-analyses which produced a hetero-
geneous picture of the effects of regular physical training 
on lipid metabolism, our own meta-analyses showed slight, 
sometimes significantly reduced triglyceride and LDL cho-
lesterol as well as increased HDL cholesterol concentrations, 
independent of the type of sport (48).

At least with respect to blood pressure and glucose me-
tabolism, probably with respect to lipid metabolism as well, 
sports activity thus shows significant positive effects, which 
may express – depending on the initial situation – as primary 
or secondary-preventive on the risk of neurological diseases 
(stroke, dementia, Parkinson’s Disease). 

	 Strokes	

The annual incidence of cerebral infarcts is cited in Europe 
with 141.3 (95%-CI: 118.9-166.6) per 100,000 men and 94.6 
(95%-CI: 76.5-115.7) per 100,000 women; the corresponding 
frequencies for cerebral hemorrhage are 16.9 (95%-CI: 9.8-27.1) 
and 12.4 (95%-CI: 6.5-21.4) per 100,000 persons (12). The stroke 
prevalence has not changed in the past two decades in Germa-
ny, the stroke mortality has, however, decreased (4, 22), similar 
to the situation for ischemic heart diseases (55). 

Meta-analyse of the risks of developing a stroke in the most physically or sports-active persons compared to the least active persons in prospective cohort 
studies (from: Reimers et al. (51)). CI=confidence interval; n=number of original studies.

TYPE OF STROKE AND  
GENDER OF THE STUDY PARTICIPANT

RELATIVE RISK OF A STROKE IN PHYSICALLY AC-
TIVE PERSONS COMPARED TO INACTIVE PERSONS.

RELATIVE RISK OF A STROKE IN SPORTS-ACTIVE 
PERSONS COMPARED TO INACTIVE PERSONS 

Cerebral infarct 0.69 (95%-CI: 0.57-0.84) 0.61 (95%-CI: 0.47-0.80)

Women n=7 n=2

Cerebral infarct 0.74 (95%-CI: 0.65-0.84) 0.76 (95%-CI: 0.52-1.12)

Men n=10 n=3

Cerebral infarct 0.77 (95%-CI: 0.70-0.85) 0.90 (95%-CI: 0.61-1.33)

Women and Men n=8 n=3

Cerebral hemorrhage 0.85 (95%-CI: 0.62-1.17) 0.73 (95%-CI: 0.47-1.13)

Women n=4 n=2

Cerebral hemorrhage 0.58 (95%-CI: 0.42-0.79) 0.62 (95%-CI: 0.42-0.91)

Men n=6 n=3

Cerebral hemorrhage 0.72 (95%-CI: 0.56-0.92) -

Women and Men n=3 -

Not specified strokes 0.77 (95%-CI: 0.68-0.89) 0.87 (95%-CI: 0.53-1.45)

Women n=17 n=3

Not specified strokes 0.79 (95%-CI: 0.68-0.84) 0.73 (95%-CI: 0.57-0.92)

Men n=25 n=7

Not specified strokes 0.72 (95%-CI: 0.63-0.82) 0.73 (95%-CI: 0.57-0.92)

Women and Men n=10 n=7

Table 1
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In a meta-analysis of seven studies, Li and Siegrist (32) cal-
culated a relative risk of later stroke of 0.80 (95-CI: 0.74-0.87) in 
men with moderate physical leisure sport activity compared 
to those with low activity level. The analogous meta-analysis 
of six studies on women showed a relative risk of 0.82 (95%-CI: 
0.76-0.88). Wendel-Vos et al. (71) calculated a relative risk of 
cerebral infarct among people engaging in leisure sports of 
RR=0.79 (95%-CI: 0.69-0.91, 11 studies), for cerebral hemor-
rhage of RR=0.76 (95%-CI: 0.57-0.96, 9 studies). Our own me-
ta-analyses of prospective cohort studies also showed signifi-
cantly reduced risks (Table 1). The risk thus decreases on the 
order of about one-quarter. Sports activity does not appear to 
have more primary-preventive effect than any other physical 
activity (51).

Remembering that the known risk factors were already 
taken into account in the multivariate analyses on which the 
meta-analyses are based, it can be assumed that the actual 
risk decrease is even greater. A decrease in blood pressure of 10 
mmHg above 115/75mmHg reduces the risk of stroke by about 
one-third. In younger persons, the effects are somewhat clearer 
(31). In other words: The reduction of elevated blood pressure by 
only 5 mmHg reduces the risk of stroke by about 15%. 

	 Dementias	

According to the Deutscher Alzheimer-Gesellschaft [Ger-
man Alzheimer Society] (7) it is estimated that in 2016 the-
re were just over 1.6 million people with dementia living in 
Germany. There is evidence that the number of dementia 
sufferers in countries with high income is stabilizing or even  
decreasing (52).

Meta-analyses of prospective cohort studies have brought 
partially diverging preventive effects of regular physical train-
ing on the risk of later developing cognitive deficits. A current  

 
meta-analysis of five studies with a total of 2,878 randomized 
participants showed no significant preventive effect (2). An-
other current meta-analysis of 15 studies with 3,436 partic-
ipants, by contrast, showed that per 500 kcal or 10 MET*h 
physical leisure activity per week decreased the risk of a not 
specified dementia by 10%. An analogous assessment of eight 
studies on Alzheimer-type dementia with 25,031 participants 
showed a risk reduction of 13%. In their meta-analysis of ten 
studies with 23,345 participants between 70 and 90 years of 
age and an observation time of 3.9 to 31 years, Santos-Lozano 
et al. (54) calculated a mean relative risk of developing Alzhei-
mer-type dementia of 0.65 (95%-CI: 0.56-0.74) among physical-
ly active versus inactive persons. Guure et al. (20) assessed 45 
studies with a total of 117,410 participants and observation pe-
riods up to maximal 28 years. For persons with high physical 
activity compared to lower activity they calculated a relative 
risk of developing a later, not specified dementia of 0.79 (95%-
CI: 0.69-0.88), for Alzheimer-type dementia correspondingly 
a risk of 0.62 (95%-CI: 0.49-0.75), for cognitive deterioration 
of 0.67 (95%-CI: 0.55-0.78), and for the vascular dementias of 
0.92 (95%CI: 0.62-1.30, not significant). No preventive effect for 
vascular dementia was found in this or in another meta-anal-
ysis of four studies with 16,797 participants (76). This may be 
due to the fact that there are only relatively few studies on 
vascular dementias thus far. Apparently, however, vascular 
aspects also play no particularly great role in the development 
of dementia. Similar results were found in our own meta-an-
alytical combinations of 14 prospective cohort studies on 
unspecified dementias (18% risk reduction in every form of 
physical activity compared to inactive persons), of 12 studies 
on Alzheimer-type dementia (26% risk reduction), five studies 
on vascular dementias (31% risk reduction, however barely not 
significant) and nine studies on so-called mild cognitive defi-
cit (47% risk reduction) (13). Norton et al. (39) calculated  

Figure 1  
Correlation between the observation period and the risk of later developing an Alzheimer-type dementia (Data from Felbecker et al. (13)).
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that 12.7%, resp. 20.3% of the Alzheimer diseases world-
wide and in Europe in 2010 could be mathematically at-
tributed to physical inactivity. Since the known dementia 
risk factors, such as lower education and the so-called vas-
cular risk factors cited above were taken into account in 
most of the multivariate studies (details in Felbecker et al. 
(13)), other factors than these must be the basis of demen-
tia prevention. Possible mechanisms are presented in Ta-
ble 2. The author knows of no prospective cohort studies 
on primary prevention of dementia diseases especially  
through sports. 

Moreover, favorable effects of physical activity on vascu-
lar risk factors could play an important dementia-preventive 
role. Glucose intolerance and diabetes mellitus, arterial hy-
pertension, hyperlipidemia, and adiposity play a causal role 
not only in the development of a vascular dementia, but also in 
Alzheimer-type dementia. For example, diastolic blood pres-
sure increased by 10 mmHg is associated with a 7% great-
er risk of cognitive deficit, systolic blood pressure elevated 
by 1 mmHg in middle age increases the risk of a cognitive 
impairment later in life by 1% (10). Thus, regular physical 
activity alone can reduce the risk of later cognitive impair-
ment by up to more than 10% due to the blood pressure- 
reducing effect. 

A combination of cognitive and physical training signifi-
cantly improves the cognitive performance capacity in healthy 
persons. This combination is significantly more effective than 
purely physical training (15). Additional physical training does 
not significantly increase the effect of purely cognitive train-
ing in the meta-analyses by Gheysen et al. (15). However this 
statement is based only on the assessment of few studies. El-
derly persons capable of physical performance (measured as 
maximum oxygen uptake) do, however, show greater cognitive 
performance capacity than persons less capable of physical 
performance (1). 

Alzheimer-type dementia, like practically all dementias, 
is associated with Parkinson-like impairments. Even in early 
stages of the disease, the gait is slower which becomes more 
pronounced over the course of the disease (41). The clinically- 
manifest disease is preceded by a subclinical phase lasting 
at least a decade (62). It is thus logical that an inverted cau-
sality between physical activity and the risk of dementia is 
under discussion, i.e. persons in whom there is already a sub-
clinical dementia development may be less physically active 
and thus simulate a protective effect of physical activity (53).  

 
An indication toward a preclinically-reduced physical per-
formance capacity and thus possibly also physical activity 
could be the reduced walking speed of persons later suffering 
dementia. This correlates with the cognition; the slower the 
walking speed, the more likely there will be a later cognitive 
deficit (44), the quicker the walking tempo, the lower the risk 
of later suffering dementia (21, 29). Kuate-Tegueu et al. (29) 
found a relative risk of developing Alzheimer-type dementia 
after 12 years of 1.2 (95%-CI: 1.02-1.32) per standard devia-
tion of additional walking time. Welmer et al. (70) came to a 
very similar conclusion. They found a relative risk of develop-
ing dementia of 1.45 (95-CI: 1.17-1.80) per standard deviation 
of low baseline speed. However, the reduced walking speed 
and later dementia could both be the result of insufficient  
physical activity. 

The results of intervention studies which show improved 
cognitive performances in trained versus untrained persons 
argue against inverted causality (16, 33, 38). Sports inter-
ventions with aerobic, strength or combined training and 
Tai Chi have significant positive effects, as long as training 
sessions of 45 to 60 minutes are performed at at least mod-
erate intensity. In the meta-analyses by Northey et al. (38), 
contrary to those by Li et al. (33), the training frequency had 
no influence on the effects. Physically active rats also show 
improved cognitive performance compared to inactive rats 
(46). In the case of inverted causality, it would be expected 
that the relative risk of developing a cognitive deficit would 
be reduced less in physically active persons in studies with 
longer observation periods than in studies with shorter ob-
servation periods. This is, in fact, the case (Fig. 1 and Fig. 2). 
However, the trend is not statistically significant. In the end, 
no definitive proof can be found for either a direct dependen-
cy of the risk of dementia on physical activity or for an in-
verted relationship. It may be that both dependencies exist at  
the same time. 

	 Parkinson’s Disease	

The prevalence of Parkinson’s disease, according to Savica 
et al. (56) increases from 41 in 100,000 (0.04%) in persons 
between 40 and 49 years of age to 1,903 in 100,000 (1.9%) in 
persons aged at least 80 years. The risk of developing a Par-
kinson ś syndrome is lower by 34% (95%-CI: 22%-43%) in 
the persons with the highest level of physical activity com-
pared to the least active, as found in a meta-analysis of six  

Selection of possible mechanisms of dementia-preventive effects in physical activity. BDNF=brain-derived neurotrophic factor, h=human-biological finding, 
a=animal-experimental finding.

DEMENTIA FACTOR EFFECT OF REGULAR PHYSICAL ACTIVITY

Cerebral volume
Physical activity possibly associated with greater volume of the prefrontal gray matter and the hippocampus (11) (ho-
wever, Frederiksen et al. (14) report no significant influence on hippocampus volume. (h)

Neurotrophines
The peripheral and cerebral concentrations of neurotrophines, e.g. BDNF and IGF-1, are increased by acute and chronic 
physical activity (1, 9, 23, 36, 43, 64). (h, a)

Cerebral blood flow acute and regular physical activity increases cerebral blood flow (27, 42).

Neurogenesis/-plasticity Physical activity improves the neuronal plasticity, e.g. the neurogenesis (1, 36, 37). (a)

β-Amyloid-precursor-Proteins 
(β-APP- and Aβ-Peptides)

Physical activity reduces the cerebral concentration of these proteins (43). (a)

β-Amyloid-Plaques Physical activity reduces the number of hippocampal formation of β-Amyloid-Plaques (36). (a)

Tolerance to oxidative stress
Physical activity reduces the damaging effects of oxidative stress, among other things by increased production of antioxi-
dative enzymes (primarily hydrogensuperoxiddismutase) (42, 43). (a)

Table 2
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prospective cohort studies. Sports activity alone was not 
found to have a significant preventive effect (77). Physically 
active Parkinson’s patients have better cognitive performance 
capacity than inactive patients (1). Adiposity is a risk factor 
for later development of a Parkinson ś syndrome, probably 
also diabetes mellitus type 2 (78). Physical activity might 
also have a Parkinson-preventive effect in this way. Unlike 
in Alzheimer-type dementia, high blood pressure appears 
rather to have something of a protective effect for the later 
development of a Parkinsoń s syndrome (40). Parkinson’s di-
sease is also preceded by a preclinical phase. Since Parkin-
son’s disease is primarily characterized by hypokinesis, an 
inverted causality between physical activity and disease de-
velopment could play an even greater role than in Alzheimer- 
type dementia. 

	 Sarcopenia	

The total muscle mass decreases per year during life 
by about 0.37% in women and 0.47% in men starting in 
young adulthood. After about the age of 75, the percentu-
al loss is even greater (67). Sarcopenia is understood as low  
muscle mass and muscular strength, the combination 
of low muscle mass with reduced physical performance 
capacity or a combination of all three factors in advan-
ced age (50). Sarcopenic adiposity denotes the combina-
tion of reduced muscle mass with a high proportion of  
body fat.

The meta-analyses by Steffl et al. (63) showed that vari-
ous physical activities by persons older than 40 reduced the 
risk of later sarcopenia by 54% (95%-CI: 42%-63%, 6 stud-
ies, 2,186 participants) in men, 35% (95%-CI: 19%-48%, 6  
studies, 2,598 participants) in women, and 55% (95%-CI:  

 
45%-63%, 7 studies, 2,732 participants) in the studies on men 
and women together. Another meta-analysis of 49 studies 
with a total of 1,328 participants aged at least 50 showed 
an increase in muscle mass of 1.1 kg (95%-CI: 0.9-1.2) after a 
mean of 20.5 weeks of strength training two to three times 
per week (45). A further meta-analysis of 1,079 elderly sub-
jects showed a strength increase of up to 33% after an aver-
age 17.6 weeks of strength training (SE: 2%) depending on the  
muscle type (67).

	 Falls	

Every year, more than 30% of all people at least 65 years of age 
and more than 50% of all 80-year-olds living outside nursing 
homes fall (34, 60). Half of these persons fall several times a 
year (17). 55 to 70% of the falls result in injury, of which in 
turn 20% require medical treatment (34). Falls are the most 
frequent reason for elderly persons to be taken to emergency 
admission (60).

Various systematic studies show a reduced risk of fall-
ing in physically active compared to inactive people. In the 
meta-analysis by Tricco et al. (66), there was a risk reduc-
tion of 49% (95%-CI: 21%-67%, 39 studies, 41,596 partici-
pants). Physical training reduces the risk of falling by 21% 
(95%-CI: 15%-27%, 19,478 participants) in mobile persons at 
least 65 years of age according to results of the meta-anal-
ysis by Sherrington et al. (59). Targeted balance and walk-
ing training of at least three hours per week reduces the 
risk by 39% (95%-CI: 28%-47%). In another meta-analysis, 
physical training in elderly persons results in a 19% reduc-
tion (95% CI: 10%-27%, 4,622 participants) of falls leading 
to injury (19). Tai Chi training reduces the risk of falling by  
up to 50% (35).

Figure 2  
Correlation between the observation period and the risk of later developing an unspecified dementia (Data from Felbecker et al. (13), supplemented by Sabia et 
al. (53) and Zhou et al. (79))
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	 Sleep Disorders (Insomnia)	

In a survey of 8,152 representative adult residents in Germany, 
about one-third of those questioned reported that a poten-
tially clinically relevant problem falling asleep and sleeping 
through the night had been present during the preceding four 
weeks, about one-fifth additionally reported poor quality of 
sleep. Women were twice as affected by insomnia as men. With 
advancing age, sleep disorders, except trouble falling asleep 
in men, increase significantly (57). 

As early as 1998, Sherrill et al. (58) published that regu-
lar physical training at least once a week, or rapid walking 
around at least six blocks per day reduces the risk of all kinds 
of sleep disorders (increased fatigue during the day, trouble 
falling asleep and nightmares). The prospective cohort study 
by Tsunoda et al. (68) confirmed a preventive effect of mod-
erate and intensive physical activity on the quality of sleep 
in persons aged 65 ±- 4.7 years. Moderate physical activity at 
least once a week reduces the risk of insomnia by 42% (95%-
CI: 19%-58%). Moreover, the sleep of physically active persons 
is more efficient than that of inactive persons (18). Trouble 
sleeping through the night especially was significantly less 
frequent in persons who engaged in sports at least five times 
a week in the study by Inoue et al. (26). The meta-analysis by 
Kredlow et al. (28) also showed that regular physical activity 
shortens the time to falling sleep, prolongs the duration of 
sleep and increases sleep efficiency. 

The Restless Legs Syndrome is a frequent cause of insom-
nia, with a prevalence of 10% to15% in the general population, 
whereby only every fourth or fifth person requires medication 
therapy (30). Women who engage at least four times a week in 
sports have a 16% (95% CI: 5%-26%) lower risk of developing 
a Restless Legs Syndrome (73). In men who engage in sports 
five to seven times a week, the risk is reduced by 22% (95%-CI: 
9%-33%) (74). The preventive effect was even more pronounced 
in the prospective cohort study by Tsunoda et al. (68).

	 Conclusion	

Numerous prospective cohort studies substantiate a clearly 
reduced risk of later suffering stroke, developing Parkinsoń s 
syndrome or dementia for people who are regularly physically 
active compared to physically inactive persons. Even though 
both human-biological and animal-experimental study results 
support the hypothesis of a preventive effect, the argument of 
inverted causality, namely already preclinically-reduced phy-
sical activity, for dementia diseases and Parkinson’s Disease 
cannot be definitively rejected as long as there is no long-term 
intervention study on healthy subjects with a physically active 
intervention group and an inactive control group. Such studies 
are, however, hardly feasible for a variety of reasons (such as 
the immense expenditure, ethical considerations). 

The Sport Medical Societies (72) recommend at least 150 
minutes of moderate (3 to 6 MET) or 75 minutes of intensive 
physical activity (>6 MET) or combinations of the two per 
week. The meta-analyses presented show that physical activity 
is also very effective in the primary prevention of neurological 
diseases. However, with respect to neurological diseases, they 
have not as yet demonstrated a superiority of sports versus 
general physical activity. In elderly persons, strength train-
ing should additionally be performed to prevent sarcopenia 
(and osteoporosis). Especially in dementia prevention, regular 
training sessions of about one hour duration with aerobic or 
strength training, so-called body-mind techniques (e.g. Tai 

Chi) or combinations of sports types are recommended at least 
once per week, since these probably improve the cognitive per-
formance capacity in cognitively-healthy and already afflict-
ed elderly persons (16). Recommendations for sport-practical 
implementation of primary and, if needed secondary and 
tertiary prevention as well, by means of sport can be found  
in Reimers et al. (49).�

Conflict of Interest
The author has no conflict of interest.



Review

63GERMAN JOURNAL OF SPORTS MEDICINE  70  3/2019

Primärprävention neurologischer Erkrankungen

References

(1)	 AHLSKOG JE. Does vigorous exercise have a neuroprotective effect 
in Parkinson disease? Neurology. 2011; 77: 288-294. doi:10.1212/
WNL.0b013e318225ab66

(2)	 BARRETO PS, DEMOUGEOT L, VELLAS B, ROLLAND Y. Exercise training 
for preventing dementia, mild cognitive impairment, and 
clinically meaningful cognitive decline: a systematic review and 
meta-analysis. J Gerontol A Biol Sci Med Sci. 2018; 73: 1504-1511. 
doi:10.1093/gerona/glx234

(3)	 BELLOU V, BELBASIS L, TZOULAKI I, EVANGELOU E. Risk factors for 
type 2 diabetes mellitus: An exposure-wide umbrella review of 
meta-analyses. PLoS One. 2018; 13: e0194127. doi:10.1371/journal.
pone.0194127

(4)	 BUSCH MA, SCHIENKIEWITZ A, NOWOSSADECK E, GÖSSWALD A. 
Prävalenz des Schlaganfalls bei Erwachsenen im Alter von 40 bis 
79 Jahren in Deutschland. Ergebnisse der Studie zur Gesundheit 
Erwachsener in Deutschland (DEGS1). Bundesgesundheitsblatt 
Gesundheitsforschung Gesundheitsschutz. 2013; 56: 656-660. 
doi:10.1007/s00103-012-1659-0

(5)	 CONCEIÇÃO LS, NETO MG, DO AMARAL MA, MARTINS-FILHO PR, OLIVEIRA 
CARVALHO V. Effect of dance therapy on blood pressure and 
exercise capacity of individuals with hypertension: A systematic 
review and meta-analysis. Int J Cardiol. 2016; 220: 553-557. 
doi:10.1016/j.ijcard.2016.06.182

(6)	 DE SOUSA EC, ABRAHIN O, FERREIRA ALL, RODRIGUES RP, ALVES EAC,  
VIEIRA RP. Resistance training alone reduces systolic and 
diastolic blood pressure in prehypertensive and hypertensive 
individuals: meta-analysis. Hypertens Res. 2017; 40: 927-931. 
doi:10.1038/hr.2017.69

(7)	 DEUTSCHE ALZHEIMER-GESELLSCHAFT V. (https://www.deutsche-
alzheimer.de/fileadmin/alz/pdf/factsheets/infoblatt1_
haeufigkeit_demenzerkrankungen_dalzg.pdf) [20th October 
2018].

(8)	 DEUTSCHES STATISTISCHES BUNDESAMT. https://www-genesis.
destatis.de/genesis/online [22nd September 2018].

(9)	 DINOFF A, HERRMANN N, SWARDFAGER W, LANCTÔT KL. The effect 
of acute exercise on blood concentrations of brain-derived 
neurotrophic factor in healthy adults: a meta-analysis. Eur J 
Neurosci. 2017; 46: 1635-1646. doi:10.1111/ejn.13603

(10)	 ENDRES M, HEUSCHMANN PU, LAUFS U, HAKIM AM. Primary prevention 
of stroke: blood pressure, lipids, and heart failure. Eur Heart J. 
2011; 32: 545-552. doi:10.1093/eurheartj/ehq472

(11)	 ERICKSON KI, LECKIE R, WEINSTEIN AM. Physical activity, fitness, 
and gray matter volume. Neurobiol Aging. 2014; 35: S20-S28. 
doi:10.1016/j.neurobiolaging.2014.03.034

(12)	 EUROPEAN REGISTERS OF STROKE (EROS) INVESTIGATORS;  
HEUSCHMANN PU, DI CARLO A, BEJOT Y, RASTENYTE D, RYGLEWICZ D, 
SARTI C, TORRENT M, WOLFE CD. Incidence of stroke in Europe at the 
beginning of the 21st century. Stroke. 2009; 40: 1557-1563.

(13)	 FELBECKER A, TETTENBORN B, REIMERS CD, KNAPP G. Kognitive 
Störungen. In: Reimers CD, Reuter I, Tettenborn B, Mewes N, 
Knapp G, Hrsg. Prävention und Therapie durch Sport. Band 2: 
Neurologie, Psychiatrie/Psychosomatik, Schmerzsyndrome. 2. 
Aufl. München: Elsevier Urban & Fischer, 2015: 315-54.

(14)	 FREDERIKSEN KS, GJERUM L, WALDEMAR G, HASSELBALCH SG. Effects 
of Physical Exercise on Alzheimer’s Disease Biomarkers: A 
Systematic Review of Intervention Studies. J Alzheimers Dis. 
2017; 61: 359-372. doi:10.3233/JAD-170567

(15)	 GHEYSEN F, POPPE L, DESMET A, SWINNEN S, CARDON G, DE 
BOURDEAUDHUIJ I, CHASTIN S, FIAS W. Physical activity to improve 
cognition in older adults: can physical activity programs 
enriched with cognitive challenges enhance the effects? A 
systematic review and meta-analysis. Int J Behav Nutr Phys Act. 
2018; 15: 63. doi:10.1186/s12966-018-0697-x

(16)	 GOMES-OSMAN J, CABRAL DF, MORRIS TP, MCINERNEY K, CAHALIN LP, 
RUNDEK T, OLIVEIRA A, PASCUAL-LEONE A. Exercise for cognitive 
brain health in aging: A systematic review for an evaluation 
of dose. Neurol Clin Pract. 2018; 8: 257-265. doi:10.1212/
CPJ.0000000000000460

(17)	 GSCHWIND YJ, KRESSIG RW, LACROIX A, MUEHLBAUER T, PFENNINGER B, 
GRANACHER U. A best practice fall prevention exercise program 
to improve balance, strength/power, and psychosocial health in 
older adults: study protocol for a randomized controlled trial. 
BMC Geriatr. 2013; 13: 105. doi:10.1186/1471-2318-13-105

(18)	 GUBELMANN C, HEINZER R, HABA-RUBIO J, VOLLENWEIDER P, MARQUES-
VIDAL P. Physical activity is associated with higher sleep 
efficiency in the general population: the CoLaus study. Sleep 
(Basel). 2018; 41. doi:10.1093/sleep/zsy070.

(19)	 GUIRGUIS-BLAKE JM, MICHAEL YL, PERDUE LA, COPPOLA EL, BEIL TL, 
THOMPSON JH. Interventions to Prevent Falls in Community-
Dwelling Older Adults: A Systematic Review for the U.S. 
Preventive Services Task Force (Internet). Rockville, MD: Agency 
for Healthcare Research and Quality (US); 2018 Apr.

(20)	GUURE CB, IBRAHIM NA, ADAM MB, SAID SM. Impact of physical 
activity on cognitive decline, dementia, and its subtypes: 
meta-analysis of prospective studies. BioMed Res Int. 2017; 2017: 
9016924. doi:10.1155/2017/9016924

(21)	HACKETT RA, DAVIES-KERSHAW H, CADAR D, ORRELL M, STEPTOE A. 
Walking speed, cognitive function, and dementia risk in the 
English Longitudinal Study of Ageing. J Am Geriatr Soc. 2018; 66: 
1670-1675. doi:10.1111/jgs.15312

(22)	HEUSCHMANN PU, BUSSE O, WAGNER M, ENDRES M, VILLRINGER A, 
RÖTHER J, KOLOMINSKY-RABAS PL, BERGER K. Schlaganfallhäufigkeit 
und Versorgung von Schlaganfallpatienten in Deutschland. Akt 
Neurol. 2010; 37: 333-340. doi:10.1055/s-0030-1248611

(23)	HUANG T, LARSEN KT, RIED-LARSEN M, MØLLER NC, ANDERSEN LB. 
The effects of physical activity and exercise on brain-derived 
neurotrophic factor in healthy humans: A review. Scand J Med 
Sci Sports. 2014; 24: 1-10. doi:10.1111/sms.12069

(24)	IGARASHI Y, NOGAMI Y. The effect of regular aquatic exercise 
on blood pressure: A meta-analysis of randomized 
controlled trials. Eur J Prev Cardiol. 2018; 25: 190-199. 
doi:10.1177/2047487317731164

(25)	INDER JD, CARLSON DJ, DIEBERG G, MCFARLANE JR, HESS NC, SMART NA. 
Isometric exercise training for blood pressure management: 
a systematic review and meta-analysis to optimize benefit. 
Hypertens Res. 2016; 39: 88-94. doi:10.1038/hr.2015.111

(26)	INOUE S, YORIFUJI T, SUGIYAMA M, OHTA T, ISHIKAWA-TAKATA K, DOI H.  
Does habitual physical activity prevent insomnia? A cross-
sectional and longitudinal study of elderly Japanese. J Aging Phys 
Act. 2013; 21: 119-139. doi:10.1123/japa.21.2.119

(27)	JORIS PJ, MENSINK RP, ADAM TC, LIU TT. Cerebral Blood Flow 
Measurements in Adults: A Review on the Effects of Dietary 
Factors and Exercise. Nutrients. 2018; 10(5): E530. doi:10.3390/
nu10050530.

(28)	KREDLOW MA, CAPOZZOLI MC, HEARON BA, CALKINS AW, OTTO MW. The 
effects of physical activity on sleep: a meta-analytic review. J 
Behav Med. 2015; 38: 427-449. doi:10.1007/s10865-015-9617-6

(29)	KUATE-TEGUEU C, AVILA-FUNES JA, SIMO N, LE GOFF M. Amiéva 
H, Dartigues JF, Tabue-Teguo M. Association of Gait Speed, 
Psychomotor Speed, and Dementia. J Alzheimers Dis. 2017; 60: 
585-592. doi:10.3233/JAD-170267

(30)	LAKASING E. Exercise beneficial for restless legs syndrome. 
Practitioner. 2008; 252: 43-45.

(31)	 LAWES CM, BENNETT DA, FEIGIN VL, RODGERS A. Blood pressure and 
stroke: an overview of published reviews. Stroke. 2004; 35: 776-
785. doi:10.1161/01.STR.0000116869.64771.5A

(32)	LI J, SIEGRIST J. Physical activity and risk of cardiovascular 
disease—a meta-analysis of prospective cohort studies. Int 
J Environ Res Public Health. 2012; 9: 391-407. doi:10.3390/
ijerph9020391

(33)	LI Z, PENG X, XIANG W, HAN J, LI K. The effect of resistance training 
on cognitive function in the older adults: a systematic review of 
randomized clinical trials. Aging Clin Exp Res. 2018; 30: 1259-
1273. doi:10.1007/s40520-018-0998-6 
 



Review

64 GERMAN JOURNAL OF SPORTS MEDICINE  70  3/2019

Primary Prevention of Neurological Diseases

(34)	LOGGHE IHJ, VERHAGEN AP, RADEMAKER AC, BIERMA-ZEINSTRA SM, 
VAN ROSSUM E, FABER MJ, KOES BW. The effects of Tai Chi on 
fall prevention, fear of falling and balance in older people: 
A meta-analysis. Prev Med. 2010; 51: 222-227. doi:10.1016/j.
ypmed.2010.06.003

(35)	LOMAS-VEGA R, OBRERO-GAITÁN E, MOLINA-ORTEGA FJ, DEL-PINO-
CASADO R. Tai Chi for risk of falls. A meta-analysis. J Am Geriatr 
Soc. 2017; 65: 2037-2043. doi:10.1111/jgs.15008

(36)	MALISZEWSKA-CYNA E, LYNCH M, OORE JJ, NAGY PM, AUBERT I. 
The benefits of exercise and metabolic interventions for the 
prevention and early treatment of Alzheimer’s disease. Curr 
Alzheimer Res. 2017; 14: 47-60. doi:10.2174/156720501366616081
9125400

(37)	NISHIJIMA T, TORRES-ALEMAN I, SOYA H. Exercise and 
cerebrovascular plasticity. Prog Brain Res. 2016; 225: 243-268. 
doi:10.1016/bs.pbr.2016.03.010

(38)	NORTHEY JM, CHERBUIN N, PUMPA KL, SMEE DJ, RATTRAY B. Exercise 
interventions for cognitive function in adults older than 50: a 
systematic review with meta-analysis. Br J Sports Med. 2018; 52: 
154-160. doi:10.1136/bjsports-2016-096587

(39)	NORTON S, MATTHEWS FE, BARNES DE, YAFFE K, BRAYNE C. Potential 
for primary prevention of Alzheimer’s disease: an analysis 
of population based data. Lancet Neurol. 2014; 13: 788-794. 
doi:10.1016/S1474-4422(14)70136-X

(40)	NOYCE AJ, BESTWICK JP, SILVEIRA-MORIYAMA L, HAWKES CH,  
GIOVANNONI G, LEES AJ, SCHRAG A. Meta-analysis of early nonmotor 
features and risk factors for Parkinson disease. Ann Neurol. 
2012; 72: 893-901. doi:10.1002/ana.23687

(41)	 OGAWA Y, KANEKO Y, SATO T, SHIMIZU S, KANETAKA H, HANYU H. 
Sarcopenia and muscle functions at various stages of Alzheimer 
disease. Front Neurol. 2018; 9: 710. doi:10.3389/fneur.2018.00710

(42)	PAILLARD T. Preventive effects of regular physical exercise 
against cognitive decline and the risk of dementia with age 
advancement. Sports Med Open. 2015; 1: 20. doi:10.1186/s40798-
015-0016-x

(43)	PAILLARD T, ROLLAND Y, DE SOUTO BARRETO P. Protective effects of 
physical exercise in Alzheimer’s disease and Parkinson’s disease: 
A narrative review. J Clin Neurol. 2015; 11: 212-219. doi:10.3988/
jcn.2015.11.3.212

(44)	PEEL NM, ALAPATT LJ, JONES LV, HUBBARD RE. The association 
between gait speed and cognitive status in community-dwelling 
older people: A systematic review and meta-analysis. J Gerontol 
A Biol Sci Med Sci. 2018 [Epub ahead of print]. doi:10.1093/
gerona/gly140

(45)	PETERSON MD, SEN A, GORDON PM. Influence of resistance 
exercise on lean body mass in aging adults: A meta-analysis. 
Med Sci Sports Exerc. 2011; 43: 249-258. doi:10.1249/
MSS.0b013e3181eb6265

(46)	PIETRELLI A, MATKOVIC L, VACOTTO M, LOPEZ-COSTA JJ, BASSO N, 
BRUSCO A. Aerobic exercise upregulates the BDNF-Serotonin 
systems and improves the cognitive function in rats. Neurobiol 
Learn Mem. 2018; 155: 528-542. doi:10.1016/j.nlm.2018.05.007

(47)	REIMERS CD. Arterielle Hypertonie. In: Mooren FC, Reimers CD, 
Hrsg. Praxisbuch Sport in Prävention und Therapie. München: 
Urban & Fischer, 2018: 91-98.

(48)	REIMERS CD. Dyslipidämien. In: Mooren FC, Reimers CD, Hrsg. 
Praxisbuch Sport in Prävention und Therapie. München: Urban 
& Fischer, 2018: 135–42.

(49)	REIMERS CD, STRAUBE A, VÖLKER K, EDS. Patienteninformationen 
Sport in der Neurologie – Empfehlungen für Ärzte. Berlin: 
Springer, 2018.

(50)	REIMERS CD, KNAPP G. Sarkopenie. In: Reimers CD, Reuter I, 
Tettenborn B, Mewes N, Knapp G, Hrsg. Prävention und Therapie 
durch Sport. Band 2: Neurologie, Psychiatrie/Psychosomatik, 
Schmerzsyndrome. 2. Aufl. München: Elsevier Urban & Fischer, 
2015: 163-210.

(51)	REIMERS CD, WINGENDORF I, HOLZGRAEFE M, REIMERS AK, KNAPP G. 
Schlaganfälle. In: Reimers CD, Reuter I, Tettenborn B, Mewes N, 
Knapp G, Hrsg. Prävention und Therapie durch Sport. Band 2: 
Neurologie, Psychiatrie/Psychosomatik, Schmerzsyndrome. 2. 
Aufl. München: Elsevier Urban & Fischer, 2015: 19-76.

(52)	ROEHR S, PABST A, LUCK T, RIEDEL-HELLER SG. Is dementia incidence 
declining in high-income countries? A systematic review and 
meta-analysis. Clin Epidemiol. 2018; 10: 1233-1247. doi:10.2147/
CLEP.S163649

(53)	SABIA S, DUGRAVOT A, DARTIGUES JF, ABELL J, ELBAZ A, KIVIMÄKI M, 
SINGH-MANOUX A. Physical activity, cognitive decline, and risk of 
dementia: 28 year follow-up of Whitehall II cohort study. BMJ. 
2017; 357: j2709. doi:10.1136/bmj.j2709

(54)	SANTOS-LOZANO A, PAREJA-GALEANO H, SANCHIS-GOMAR F, QUINDÓS-
RUBIAL M, FIUZA-LUCES C, CRISTI-MONTERO C, EMANUELE E, 
GARATACHEA N, LUCIA A. Physical activity and Alzheimer disease: 
A protective association. Mayo Clin Proc. 2016; 91: 999-1020. 
doi:10.1016/j.mayocp.2016.04.024

(55)	SASS A-C, WURM S, ZIESE T. Alter = Krankheit? Gesundheitszustand 
und Gesundheitsentwicklung. 2.1 Somatische und psychische 
Gesundheit. In: Böhm K, Tesch-Römer C, Ziese T, Hrsg. Beiträge 
zur Gesundheitsberichterstattung des Bundes. Gesundheit und 
Krankheit im Alter. Berlin: Robert Koch-Institut., 2009: 49-51.

(56)	SAVICA R, GROSSARDT BR, ROCCA WA, BOWER JH. Parkinson disease 
with and without Dementia: A prevalence study and future 
projections. Mov Disord. 2018; 33: 537-543. doi:10.1002/mds.27277

(57)	SCHLACK R, HAPKE U, MASKE U, BUSCH MA, COHRS S. Häufigkeit und 
Verteilung von Schlafproblemen und Insomnie in der deutschen 
Erwachsenenbevölkerung. Ergebnisse der Studie zur Gesundheit 
Erwachsener in Deutschland (DEGS1). Bundesgesundheitsbl. 
2013; 56: 740-748. doi:10.1007/s00103-013-1689-2

(58)	SHERRILL DL, KOTCHOU K, QUAN SF. Association of 
physical activity and human sleep disorders. Arch Intern Med. 
1998; 158: 1894-1898. doi:10.1001/archinte.158.17.1894

(59)	SHERRINGTON C, MICHALEFF ZA, FAIRHALL N, PAUL SS, TIEDEMANN A, 
WHITNEY J, CUMMING RG, HERBERT RD, CLOSE JCT, LORD SR. Exercise to 
prevent falls in older adults: an updated systematic review and 
meta-analysis. Br J Sports Med. 2017; 51: 1750-1758. doi:10.1136/
bjsports-2016-096547

(60)	SHUBERT TE. Evidence-based exercise prescription for balance 
and falls prevention: A current review of the literature. J Geriatr 
Phys Ther. 2011; 34: 100-108. doi:10.1519/JPT.0b013e31822938ac

(61)	 SMITH AD, CRIPPA A, WOODCOCK J, BRAGE S. Physical activity and 
incident type 2 diabetes mellitus: a systematic review and 
dose-response meta-analysis of prospective cohort studies. 
Diabetologia. 2016; 59: 2527-2545. doi:10.1007/s00125-016-4079-0

(62)	SOLDAN A, PETTIGREW C, CAI Q, WANG MC, MOGHEKAR AR, O‘BRIEN RJ,  
SELNES OA, ALBERT MS; BIOCARD RESEARCH TEAM. Hypothetical 
Preclinical Alzheimer Disease Groups and Longitudinal 
Cognitive Change. JAMA Neurol. 2016; 73: 698-705. doi:10.1001/
jamaneurol.2016.0194

(63)	STEFFL M, BOHANNON RW, SONTAKOVA L, TUFANO JJ, SHIELLS K, 
HOLMEROVA I. Relationship between sarcopenia and physical 
activity in older people: a systematic review and meta-analysis. 
Clin Interv Aging. 2017; 12: 835-845. doi:10.2147/CIA.S132940

(64)	SZUHANY KL, BUGATTI M, OTTO MW. A meta-analytic review 
of the effects of exercise on brain-derived neurotrophic 
factor. J Psychiatr Res. 2015; 60: 56-64. doi:10.1016/j.
jpsychires.2014.10.003

(65)	TESCH-RÖMER C, WURM S. Wer sind die Alten? Theoretische 
Positionen zum Alter und Altern. In: Robert Koch Institut, 
Hrsg. Gesundheit und Krankheit im Alter. Berlin: Robert Koch 
Institut; 2009: 7-30.

(66)	TRICCO AC, THOMAS SM, VERONIKI AA, HAMID JS, COGO E, STRIFLER L, 
KHAN PA, ROBSON R, SIBLEY KM, MACDONALD H, RIVA JJ, THAVORN K, 
WILSON C, HOLROYD-LEDUC J, KERR GD, FELDMAN F, MAJUMDAR SR, 
JAGLAL SB, HUI W, STRAUS SE. Comparisons of interventions for 
preventing falls in older adults: A systematic review and meta-
analysis. JAMA. 2017; 318: 1687-1699. doi:10.1001/jama.2017.15006

(67)	TROUWBORST I, VERREIJEN A, MEMELINK R, MASSANET P, BOIRIE Y,  
WEIJS P, TIELAND M. Exercise and nutrition strategies to 
counteract sarcopenic obesity. nutrients. 2018; 10. pii: E605. 
doi:10.3390/nu10050605. 
 
 



Review

65GERMAN JOURNAL OF SPORTS MEDICINE  70  3/2019

Primärprävention neurologischer Erkrankungen

(68)	TSUNODA K, KITANO N, KAI Y, UCHIDA K, KUCHIKI T, OKURA T,  
NAGAMATSU T. Prospective study of physical activity and sleep in 
middle-aged and older adults. Am J Prev Med. 2015; 48: 662-673. 
doi:10.1016/j.amepre.2014.12.006

(69)	VIJAYAN M, REDDY PH. Stroke and vascular dementia and 
Alzheimer’s disease - molecular links. J Alzheimers Dis. 2016; 54: 
427-443. doi:10.3233/JAD-160527

(70)	WELMER AK, RIZZUTO D, QIU C, CARACCIOLO B, LAUKKA EJ. Walking 
speed, processing speed, and dementia: a population-based 
longitudinal study. J Gerontol A Biol Sci Med Sci. 2014; 69: 1503-
1510. doi:10.1093/gerona/glu047

(71)	WENDEL-VOS GC, SCHUIT AJ, FESKENS EJ, BOSHUIZEN HC,  
VERSCHUREN WM, SARIS WH, KROMHOUT D. Physical activity and 
stroke. A meta-analysis of observational data. Int J Epidemiol. 
2004; 33: 787-798. doi:10.1093/ije/dyh168

(72)	WORLD HEALTH ORGANIZATION. 2010 (http://apps.who.int/iris/
bitstream/handle/10665/44399/9789241599979_eng.pdf; 
sequence=1) [21st October 2018].

(73)	WINTER AC, SCHÜRKS M, GLYNN RJ BURING JE, GAZIANO JM, BERGER K,  
KURTH T. Vascular risk actors, cardiovascular disease, and 
rRestless legs syndrome in women. Am J Med. 2013; 126: 220-227. 
doi:10.1016/j.amjmed.2012.06.040

(74)	WINTER AC, BERGER K, GLYNN RJ, BURING JE, GAZIANO JM, SCHÜRKS M,  
KURTH T. Vascular risk factors, cardiovascular disease, and 
Restless legs syndrome in men. Am J Med. 2013; 126: 228-235. 
doi:10.1016/j.amjmed.2012.06.039

(75)	XIONG X, WANG P, LI S, ZHANG Y, LI X. Effect of Baduanjin exercise 
for hypertension: a systematic review and meta-analysis of 
randomized controlled trials. Maturitas. 2015; 80: 370-378. 
doi:10.1016/j.maturitas.2015.01.002

(76)	XU W, WANG HF, WAN Y, TAN CC, YU JT, TAN L. Leisure time physical 
activity and dementia risk: a dose-response meta-analysis of 
prospective studies. BMJ Open. 2017; 7: e014706. doi:10.1136/
bmjopen-2016-014706

(77)	YANG F, TROLLE LAGERROS Y, BELLOCCO R, ADAMI HO, FANG F,  
PEDERSEN NL, WIRDEFELDT K. Physical activity and risk of 
Parkinson’s disease in the Swedish National March Cohort. 
Brain. 2015; 138: 269-275. doi:10.1093/brain/awu323

(78)	ZHANG P, TIAN B. Metabolic syndrome: an important risk factor for 
Parkinson’s disease. Oxid Med Cell Longev. 2014; 2014: 729194. 
doi:10.1155/2014/729194

(79)	ZHOU Z, FU J, HONG YA, WANG P, FANG Y. Association between exercise 
and the risk of dementia: results from a nationwide longitudinal 
study in China. BMJ Open. 2017; 7: e017497. doi:10.1136/
bmjopen-2017-017497




