
Abstracto
Fondo

Hay evidencia de que la actividad física (AF) tiene beneficios cognitivos para el cerebro envejecido, pero se sabe poco sobre el
efecto en pacientes con enfermedad de Alzheimer (EA). El presente estudio piloto evaluó el efecto de un entrenamiento de AF en
el hogar sobre los síntomas clínicos, las capacidades funcionales y la carga del cuidador después de 12 y 24 semanas.

Métodos

En un ensayo clínico aleatorizado, treinta pacientes (de 72,4 ± 4,3 años de edad) con enfermedad de Alzheimer (MMSE: 20,6 ± 6,5
puntos) y sus cuidadores familiares fueron asignados a un programa de intervención de actividad física en el hogar de 12 semanas
o al grupo de atención habitual. El programa cambiaba entre entrenamiento de piernas pasivo, asistido por motor o activo con
resistencia y cambios de dirección en un entrenador de movimiento para combinar estímulos físicos y cognitivos.

Resultados

El análisis de las actividades de la vida diaria en los pacientes (puntuación total ADCS ADL) reveló un efecto significativo de
interacción grupo × tiempo (IC del 95% de la diferencia entre ambos grupos en T2: 5,01-10,51). El grupo de control experimentó
disminuciones en el rendimiento de las ADL en la semana 12 y 24, mientras que los pacientes del grupo de intervención se
mantuvieron estables. Los análisis de la función ejecutiva y la capacidad del lenguaje revelaron efectos considerables para la
fluidez semántica de las palabras con una interacción grupo × tiempo (IC del 95% de la diferencia entre ambos grupos en T2: 0,18-
4,02). Los pacientes del grupo de intervención mejoraron durante la intervención y volvieron al rendimiento inicial en la semana 12,
mientras que los controles revelaron un empeoramiento continuo. Los análisis del tiempo de reacción, la rapidez mano-ojo y la
atención revelaron una mejora solo en el grupo de intervención. La carga del cuidador se mantuvo estable en el grupo de
intervención, pero empeoró en el grupo de control.

Conclusiones

Este estudio sugiere que la actividad física en el hogar podría ser una forma eficaz e intrínsecamente atractiva de promover la
formación en actividad física en pacientes con EA y modular la carga de trabajo de los cuidadores. Los resultados demuestran los
beneficios de la transferencia a las actividades de la vida diaria, las habilidades cognitivas y físicas en pacientes con EA.
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Animal studies have demonstrated physical exercise effects on brain function over the lifespan. Activity in an enriched environment
stimulates the brain on a physical and cognitive level and has the potential to induce brain plasticity [1]. In humans growing
evidence suggests that lifestyle factors have a significant impact on how well non-demented people age, and physical activity (PA)
is one of the most important protective factors against cognitive decline [2]. However, only few studies have studied the effect of PA
in patients already suffering from Alzheimer’s dementia (AD) [3,4]. Three pilot randomised controlled trials (RCTs) and one larger
RCT were able to demonstrate significant cognitive benefits for AD patients and also on quality of life and depression. Study
limitations included sample size, lack of information on the use of psychotropic medication [5], nursing home setting [6,7] and
discrepancies in contact time [8]. Recent research has demonstrated that PA may induce neuroplastic changes in older age and
therefore exert a protective effect against cognitive decline and that this may also occur in patients already suffering AD, thus
inducing improvement of clinical symptoms [8,9].

In the study presented here we were interested in the effect of a specific home-based PA program performed on a movement
trainer combining physical and basic cognitive stimuli and in the clinical impact on both, patients and caregivers.

Physical intervention that contrasts a monotonous bicycle ergometer training by providing training resistance level (passive,
assisted, active) or direction (forward, reverse) changes may enrich a basic cycling intervention. Prior research has shown that
intervention strategies targeting multiple factors separately are more effective than strategies focusing on single mechanisms or
domains [10]. Anderson-Hanley et al. [11] showed superior effects (23% relative risk reduction for cognitive decline) of stationary
cycling exercise among older adults if the cycling was performed in a virtual environment. The authors suggest that simultaneous
cognitive and physical exercise has greater potential for preventing cognitive decline. However, it is important to highlight that our
intervention design differs from others combining physical and cognitive stimuli. It remains unknown whether the ‘cognitive’
component complementing a physical intervention would require a specific level of complexity to elicit additional beneficial effects.

The decline in activities of daily living (ADL) in AD [12,13] is a source of considerable caregiver burden and socio-economic costs.
Clinical care therefore specifically focusses on maintaining ADL functionality in AD patients. Two meta-analyses report that being
physically active reduces the risk of progression of basic ADL disability in community dwelling adults [14] and in patients with
dementia [15]. The primary outcome measure defined in our investigation therefore was performance in activities of daily living in
the patients with secondary outcomes covering overall cognition, executive function and language control, attention, reaction time
and hand-eye quickness as well as behavioural symptoms of dementia and self-reported caregiver burden. Putative long-term
effects were studied in a post-treatment follow-up.
Methods
The protocol for this trial and supporting CONSORT checklist are available as supporting information; see S1 CONSORT Checklist
and S1 Protocol.

Study population

The Ethics Committee of the University of Technology, Dresden, Germany, approved the study in May 2011 (EK 111032011). This
study is a feasibility study and was aimed at testing the PA program chosen in a study population of patients suffering dementia,
e.g. the patients’ ability to train on the movement trainer without the caregivers’ presence, the adherence to the program at a
frequency expected to be necessary for a training effect. Furthermore, the purpose of the study was to estimate a recruitment rate
of patients with AD and caregivers and the definition of a sample size necessary for a confirmatory study. At the time of submission
of the study protocol, the Ethics Committee did not require registration for feasibility or proof of concept studies. The study was
registered in ClinicalTrials.gov (NCT02196545) in July 2014 in preparation of a manuscript for publication of the data. The authors
confirm that all ongoing and related trials for this intervention are registered. Patient and caregiver enrolment started in August 2011
and ended July 2013 and informed written consent was obtained by all participants.

A total of thirty patients with mild to moderate AD meeting NINCDS-ADRDA criteria aged 55 years or older and their family
caregivers were recruited in the Memory Disorder Clinic, University Hospital Carl Gustav Carus, Dresden. We only recruited
patients with early and moderate stage AD (CDR stage 1 and 2) who had the full capacity to consent. The capacity to consent was
established in a clinical evaluation by an experienced and independent psychiatrist who was not involved in the study. All study
participants were right-handed and underwent medical history evaluation and neuropsychological testing. The AD diagnoses was
established by old age psychiatrists, based on their own patient evaluation and detailed neuropsychological testing administered by
an experienced neuropsychologist including the following measures: Mini Mental State Examination (MMSE); Wechsler Memory
Scale—Revised; Controlled Oral Word Association Test, letters F,A,S; California Verbal Learning Test. Structural MRI and
laboratory testing results complemented the diagnostic procedures to rule out conditions that would have explained the dementia
syndrome otherwise. Patients were reported to have a low habitual activity level by their caregiver, equalling less than 30 minutes
time spent in activity by walking per day [16]. Patients were required to speak German as the dominant language (necessary for
neuropsychological testing), a minimum of 8 years formal school education and a caregiver (e.g. spouse) living at home with the
participant. Furthermore, patients entered the study if internal examination was free of contradictions to physical activity and if they
were on a stable dose of pharmacological dementia treatment according to German guidelines (DGPPN) with acetycholinesterase
inhibitor or memantin or combination for at least 6 months. Patients underwent physical and neurological examination and
electrocardiogram. Participants with clinically relevant medical conditions, e.g. heart disease, hypertension or diabetes or a
medication that could influence cognitive functioning (e.g. benzodiazepines, sleep aids, neuroleptics) were excluded from study
participation. In addition exclusion criteria were history of alcohol or substance abuse, head trauma, psychiatric or neurological
disorder preceding AD onset, or major systemic disease affecting brain function.

Patients were randomly allocated to the 12-week PA intervention program or to the usual care group. Participants were handed a
pedometer worn for 7 days prior to and after completion of the study to document their usual daily activity level. Patients in the
intervention group trained their lower body on a movement trainer (ReckMOTOmed) with a computer controlled and individually
preassigned training flow. Caregivers were asked to choose a familiar chair prior to study begin. The movement trainer was
positioned in front of the patient and PA training was performed from the comfort of that chair. We anticipated that using the familiar
chair would encourage the patient’s participation and reassure the caregiver that PA would not cause adverse reactions, e.g. falls.
Participants were required to train three times a week for 30 minutes at an individually chosen time with at least one day without
training in between two training days. Times and dates of PA training were documented by the movement trainer computer system.
Patients were considered to have successfully completed the intervention if they trained for at least 75% of the time required by the
protocol. The program changed between passive, motor-assisted or active resistive training of the legs as well as changes in
direction (forward, reverse) every 5 minutes. During a familiarization session prior to the study patients were asked to use the
movement trainer and to respond to whether they felt that the training resistance level was appropriate (too easy, too high, just
right). They started with level 1 and the level was increased as they made their choice. The movement trainer has 20 levels of
motor resistance and the patients in the intervention group chose an activity level between 2 and 4. The level did not change over



time. Caregivers were asked to act encouraging but to leave the room as soon as the patient started training. This design was
chosen to control for social contact times between both groups. The movement trainer was removed from the patients’ homes after
completion of the 12-week PA program. The control group received the same monthly clinical visits and a counselling by the
treating physician, which included specific advice how to change inactive habits and increase the PA level. All participants
underwent testing by a blinded psychologist at baseline, 12 and 24 weeks (at 10 a.m.). Measures included activities of daily living
(ADL, ADCS ADL total score) and behavioural symptoms of dementia (NPI total score) and caregiver burden (NPI total burden
score). Cognitive evaluation included the MMSE and measures of executive function and language ability applying the semantic
and phonemic word fluency as measured by the CERAD [17] and the FAS-test [18]. The data was compared to age and education
corrected normative data. Reaction time, hand-eye quickness and attention were measured using the reaction time ruler or FETZ-
test [19]. The test determines how long it takes for a patient to respond to the dropping of a ruler with a length of 0.50m. The patient
is asked to hold the ruler with his thumb and forefinger and to release the ruler while the investigator continues to hold it. The
patient is instructed to catch the ruler as fast as he can, as soon as the investigator releases it. The number displayed on the ruler
right over the patient’s thumb is noted. During the visits caregivers were interviewed and asked to report their experience with the
training program and with leaving the patients alone during PA (intervention group) or their progress in daily PA (controls).

Statistical methods

We performed univariate analyses between the intervention and control group on clinical and demographic variables using the
Wilcoxon-Mann-Whitney U-test for continuous variables and the Fisher's exact test for categorical variables.

Mixed effect models were applied to measure the efficacy of the intervention for longitudinal data and to account for the repeated
measurements across time. These models included parameters for the treatment group (intervention and control group), for the
three time points (T0- baseline, T1—3months later or after completion of the intervention and T2- 3 month follow-up) and for time x
treatment interaction. Analyses included the measures for each outcome variable at T0 as covariable.

An autoregressive first order covariance structure was used for repeated measures. Model based estimations of the means and
differences of the means and of their confidence intervals adjusted for overall mean baseline values were computed of all outcome
variables. Formal Tukey adjusted multiple statistical tests were used for the primary variable ADL only. All analyses were performed
with SAS 9.3. (SAS Institute Inc., Cary, North Carolina).
Results
Thirty patients with AD were randomized to either the intervention (n = 15) or control group (n = 15). A total of 64 patients were
eligible and contacted by the physicians of the memory disorder clinic of the university hospital. 32 patients and caregivers declined
participation as they doubted that the patients would adhere to the study protocol as often as required or because they wanted to
travel freely during the three months to follow. Two patients were excluded as they had progressed to severe dementia since first
screening for the study (Fig 1). The restricted availability of the movement trainers and the allocation to each participant for a period
of 3 months made the recruitment period last from August 2011 to July 2013.

Fig 1. Consort Flow Chart.
https://doi.org/10.1371/journal.pone.0121478.g001

All participants in the intervention group successfully completed the study (minimum of 27 training units of 30 minutes over 12
weeks and a frequency of 3/week) and all participants in the control group completed the first follow-up 12 weeks after study
inclusion. One patient in the control group and 2 patients in the intervention group were not available for long-term follow-up after 6
months (hospitalization and death of the caregiver). Demographic and clinical characteristics are reported in Table 1. At the time of
the study all participants were on a stable treatment for AD (acetylcholinesterase inhibitor, memantin or combination) for at least 6
months and did not receive any other medication that could influence cognitive functioning (e.g. benzodiazepines, sleep aids,
neuroleptics).

Table 1. Demographic and clinical characteristics.
https://doi.org/10.1371/journal.pone.0121478.t001

No considerable differences between both groups were noted in the baseline data for demographic and clinical measures. Patients
trained at a relatively uniform level with respect to training frequency and time.

https://doi.org/10.1371/journal.pone.0121478.g001
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Longitudinal analysis of the patients’ ADL (ADCS ADL total scores, the primary outcome) revealed a significant group × time
interaction effect (95% CI of the difference between both groups at T2: 5.01–10.51). Patients in the control group experienced
considerable decreases in their performance in ADL over 12 weeks and at the 3 month follow-up whereas patients in the
intervention group remained stable during the study period and follow-up (Fig 2a, Table 2). Neuropsychiatric symptom profiles as
measured by NPI total scores showed a considerable group × time interaction effect (95% CI of the difference between both groups
at T2: 1.83–9.55). Controls suffered a considerable increase in behavioural changes over 24 weeks whereas patients in the
intervention group remained stable over 24 weeks (Fig 2b, Table 2). Analyses of the specific behavioural symptoms (NPI
subscores) showed that depression (main effect of group estimated to 1.12 with s.e. = 0.51) and anxiety (main effect group x time
interaction estimated to 1.50 with s.e. = 0.67) revealed clinically relevant worsening in the controls. Analyses of executive function
and language ability revealed considerable effects for semantic word fluency with a considerable group × time interaction (95%CI of
the difference between both groups at T2: 0.18–4.02) (Fig 2c, Table 2). Patients in the intervention group considerably improved
during the intervention period and returned to initial performance after completion but without revealing the continuous worsening
over 24 weeks demonstrated in the controls. The measure for global cognitive function as measured by MMSE (20.6±6.5 points)
did not reach significance (F = 0.77, df = 2, 53, p = 0.4659).

Fig 2. a-e. Effects of physical activity on clinical performance.
This figure shows the effects of physical activity on the patients when compared to the control group for the three time points
(T0- baseline, T1–3 months later or after completion of the intervention and T2- 3 month follow-up). Activities of daily living
(ADCS ADL total scores): patients in the control group experienced significant decreases in their performance over 12 weeks
and at the 3 month follow-up whereas patients in the intervention group remained stable during the study period and follow-up
(Fig 2a). Neuropsychiatric symptom profiles (NPI total scores): controls suffered a considerable increase in behavioural
changes over 24 weeks whereas patients in the intervention group remained stable over 24 weeks (Fig 2b). Executive
function and language ability: patients in the intervention group improved during the intervention period and returned to initial
performance after completion but without revealing the continuous worsening over 24 weeks demonstrated in the controls
(Fig 2c). Reaction time, hand-eye quickness and attention (FETZ-test or Ruler Drop Test): only patients in the intervention
group improved their performance during the study period (Fig 2d). Caregiver burden (NPI): burden increased in the control
group during the first 3 months whereas caregiver burden remained stable in the intervention group during the study period
(Fig 2e).
https://doi.org/10.1371/journal.pone.0121478.g002

Table 2. Model predicted means and their differences.
https://doi.org/10.1371/journal.pone.0121478.t002

Analyses of reaction time, hand-eye quickness and attention (Ruler Drop Test) revealed a considerable group x time interaction
(95%CI of the difference between both groups at T2: 0.006–0.054) and indicates that only patients in the intervention group
improved their performance during the study period (Fig 2d, Table 2). Caregiver burden was measured using the NPI and analyses
revealed a considerable group × time interaction (95%CI of the difference between both groups at T2: 0.62 –-5.20). Caregiver
burden in the control group considerably increased during the first 3 months whereas caregiver burden remained stable in the
intervention group during the study period (Fig 2e, Table 2). There was no difference in daily activities as measured by the
pedometers worn 7 days prior to and following completion of the study within and between groups.
Discussion
We found that the PA training program presented here is of practical and clinical relevance to the treatment of patients with AD and
to caregiver burden. The flexible training schedule and accessibility of the movement trainer associated with the home-based
setting were beneficial: exercise adherence was excellent and measures of differing time and dates for PA training obtained in this
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study were in line with the clinical experience how difficult it is to overcome fluctuations in AD patients’ activity levels. The activity
trainer used made it possible for the patients to be seated on a familiar chair and may have contributed to the fact that caregivers
were not reluctant to leave the patients alone during PA training as revealed by the questionnaire reports. Patients in the
intervention group did not improve their activity level in steps per day at follow-up, which highlights the specific attractiveness of PA
training at home to increase the habitual activity level per week. Benefits in the context of a progressing dementing illness such as
AD are a lack of significant decline during the intervention period, or long-term effects at follow-up measures if performance
remains significantly better when compared to controls. In fact, the results demonstrated considerable benefits of PA training on
cognitive, behavioural and motor function, including of these measures ADL, executive function and language ability,
neuropsychiatric symptoms, reaction time, hand-eye quickness and attention in patients, and reduction of caregiver burden.
Analyses demonstrated long-term effects three months after completion of the intervention on ADL and behavioural symptoms.
Executive function is the key cognitive resource responsible for self-regulation of behaviours including the ability to plan, initiate,
sequence and monitor [20]. In AD executive dysfunction is a prominent clinical symptom directly affecting the patient’s capacity in
activities of daily living [12,13]. Previous studies reported that aerobic exercise leads to an increase in executive function
performance in non-demented elderly with cognitive impairment [21,22,23,24,25]. The beneficial effect of PA on the aging brain or
in dementia [3] is not well explained, but animal studies have revealed activation of adult neurogenesis [1] or increases in plasma
levels of the neuroplasticity associated brain-derived neurotrophic factor [26]. The effect of PA on clinical performance in AD may
therefore rely on improvement of brain functionality. Furthermore, data revealed that patient training had a considerable effect on
caregiver burden as it remained stable during the intervention period whereas it considerably increased in the control group. A
number of studies have demonstrated that behavioural symptoms in AD are a source of distress and burden for family and
professional caregivers, and are associated with more rapid institutionalization for patients with AD [27]. The strengths of this pilot
RCT are the home-based design, PA intervention combining physical and cognitive stimuli, and a design aiming at minimizing social
interaction effects between both study groups. Given the relatively brief intervention period we did not change the individual
resistance level over time. In contrast to investigating cognitive changes following exercise at an individual performance limit in a
laboratory setting (e.g., while monitoring heart rate and other vital parameters) our approach was to administer an exercise that
would require moderate physical resources and would therefore be acceptable for everyday use among demented patients in their
own homes without the help of a trainer or instructor. Important limitations are the sample size and the lack of an active control
group. As the caregivers could not be blinded for the condition, the measures of neuropsychiatric symptoms (NPI total score) and
caregiver burden (NPI caregiver burden) may be biased. Furthermore, we did not specifically investigate whether the additional
stimuli (changes in passive, assisted, active training and cycling direction) complementing the physical intervention would be
associated with independent effects on outcome parameters. Future studies may help determine which stimuli during physical
exercise may not only modulate alertness and intervention adherence but also represent cognitive components with unique effects
on behavioural changes.

Based on the results obtained in this pilot study we would expect a recruitment rate of 1.25 patients per month in a confirmatory
study. The estimation of the sample size was based on three primary outcome variables we suggest including MMSE with the
lowest effect in our pilot study (power of 80% for an effect of 1.2 score points in MMSE). For a confirmatory study with an
intervention and a control group the choice of three primary outcome variables including the measures for ADL (ADL-ADCS),
overall cognition (MMSE) and executive function (semantic word fluency) would necessitate a sample size of 92 patients in each
group at a global significance level of 0.05 (Bonferroni adjusted over all three primary hypotheses).

In summary, this study suggests that PA on a movement trainer in a home-based setting, which combines cognitive and physical
demands in an intrinsically attractive activity, might be an effective way to promote PA training in AD and modulate caregiver
burden. The results are encouraging and demonstrate transfer benefits to ADL, cognitive and physical skills that determine
functional abilities in patients with AD.
Supporting Information
S1 CONSORT Checklist. CONSORT Checklist.
https://doi.org/10.1371/journal.pone.0121478.s001
(PDF)

S1 Protocol. Trial Protocol.
https://doi.org/10.1371/journal.pone.0121478.s002
(PDF)

S1 Dataset. This dataset contains all time dependent MOTODEM variables.
https://doi.org/10.1371/journal.pone.0121478.s003
(SAV)

S2 Dataset. This dataset contains all time independent MOTODEM variables.
https://doi.org/10.1371/journal.pone.0121478.s004
(SAV)

Acknowledgments
The authors acknowledge RECK-Technik GmbH & Co. KG (Betzenweiler, Germany) for the assistance they provided at many
levels of this research project: provision of all movement trainers (ReckMOTOmed viva2), technical support and delivery to and
from the participants’ homes.

Author Contributions
Conceived and designed the experiments: VAH KM MS SM RK MD. Performed the experiments: VAH KM MS JS SM. Analyzed the
data: VAH KM MS JS RK. Contributed reagents/materials/analysis tools: RK. Wrote the paper: VAH KM MS JS SM RK MD.

References
Kempermann G, Fabel K, Ehninger D, Babu H, Leal-Galicia P, Garthe A, et al. Why and how physical activity promotes experience-induced brain
plasticity. Front Neurosci. 2010;

Bherer L, Erickson KI, Liu-Ambrose T. A Review of the Effects of Physical Activity and Exercise on Cognitive and Brain Functions in Older Adults. J Aging
Res 2013:

https://doi.org/10.3389/fnins.2010.00189
http://scholar.google.com/scholar?q=Why+and+how+physical+activity+promotes+experience-induced+brain+plasticity+Kempermann+2010
https://journals.plos.org/plosone/article/file?type=supplementary&id=10.1371/journal.pone.0121478.s001
https://doi.org/10.1371/journal.pone.0121478.s001
https://journals.plos.org/plosone/article/file?type=supplementary&id=10.1371/journal.pone.0121478.s002
https://doi.org/10.1371/journal.pone.0121478.s002
https://journals.plos.org/plosone/article/file?type=supplementary&id=10.1371/journal.pone.0121478.s003
https://doi.org/10.1371/journal.pone.0121478.s003
https://journals.plos.org/plosone/article/file?type=supplementary&id=10.1371/journal.pone.0121478.s004
https://doi.org/10.1371/journal.pone.0121478.s004


View Article Google Scholar

3.

View Article PubMed/NCBI Google Scholar

4.
View Article Google Scholar

5.

View Article PubMed/NCBI Google Scholar

6.

View Article PubMed/NCBI Google Scholar

7.

View Article PubMed/NCBI Google Scholar

8.

View Article PubMed/NCBI Google Scholar

9.

View Article PubMed/NCBI Google Scholar

10.
View Article PubMed/NCBI Google Scholar

11.

View Article PubMed/NCBI Google Scholar

12.

View Article PubMed/NCBI Google Scholar

13.

View Article PubMed/NCBI Google Scholar

14.

View Article PubMed/NCBI Google Scholar

15.

View Article PubMed/NCBI Google Scholar

16.

View Article Google Scholar

17.

View Article Google Scholar

18.

View Article PubMed/NCBI Google Scholar

19.

20.

Ver artículo PubMed/NCBI Google Académico

Herholz SC, Herholz RS, Herholz K. Non-pharmacological interventions and neuroplasticity in early stage Alzheimer's disease. Expert Rev Neurother.
2013;13: 1235–1245. pmid:24134650

Forbes D, Thiessen EJ, Blake CM, Forbes SC, Forbes S. Exercise programs for people with dementia. Cochr Datab Syst Rev. 2013;

Yaguez L, Shaw KN, Morris R, Matthews D. The effects on cognitive functions of a movement-based intervention in patients with Alzheimer's type
dementia: a pilot study. Int J Geriatr Psych. 2011;26: 173–181. pmid:20878665

Kemoun G, Thibaud M, Roumagne N, Carette P, Albinet C, Toussaint L, et al. Effects of a physical training programme on cognitive function and walking
efficiency in elderly persons with dementia. Dement Geriatr Cogn Disord. 2010;29: 109–114. pmid:20150731

Cheng ST, Chow PK, Song YQ, Yu EC, Chan AC, Lee TM, et al. Mental and physical activities delay cognitive decline in older persons with dementia. Am
J Geriatr Psychiatry. 2014;22: 63–74. pmid:23582750

Vreugdenhil A, Cannell J, Davies A, Razay G. A community-based exercise programme to improve functional ability in people with Alzheimer's disease: a
randomized controlled trial. Scand J Caring Sci. 2012;26: 12–19. pmid:21564154

Weinstein G, Beiser AS, Choi SH, Preis SR, Chen TC, Vorgas D, et al. Serum brain-derived neurotrophic factor and the risk for dementia: the
Framingham Heart Study. JAMA Neurol. 2014;71: 55–61. pmid:24276217

Schneider N, Yvon C. A review of multidomain interventions to support healthy cognitive ageing. J Nutr Health Aging. 2013;17: 252–257. pmid:23459978

Anderson-Hanley C, Arciero PJ, Brickman AM, Nimon JP, Okuma N, Westen SC, et al. Exergaming and older adult cognition: a cluster randomized clinical
trial. Am J Prev Med. 2012;42: 109–119. pmid:22261206

Boyle PA, Malloy PF, Salloway S, Cahn-Weiner DA, Cohen R, Cummings JL. Executive dysfunction and apathy predict functional impairment in Alzheimer
disease. Am J Geriatr Psychiatry. 2003;11: 214–221. pmid:12611751

Razani J, Casas R, Wong JT, Lu P, Alessi C, Josephson K. Relationship between executive functioning and activities of daily living in patients with
relatively mild dementia. Appl Neuropsychol. 2007;14: 208–214. pmid:17848131

Tak E, Kuiper R, Chorus A, Hopman-Rock M. Prevention of onset and progression of basic ADL disability by physical activity in community dwelling older
adults: a meta-analysis. Ageing Res Rev. 2013;12: 329–338. pmid:23063488

Stubbs B, Eggermont L, Soundy A, Probst M, Vandenbulcke M, Vancampfort D. What are the factors associated with physical activity (PA) participation in
community dwelling adults with dementia? A systematic review of PA correlates. Arch Gerontol Geriatr. 2014;59: 195–203. pmid:25034708

Tudor-Locke C, Craig CL, Brown WJ, Clemes SA, De Cocker K, Giles-Corti D, et al. How many steps/day are enough? For adults. Int J Behav Nutr Phys
Act. 2011;

Morris JC, Heyman A, Mohs RC, Hughes JP, van Belle G, Fillenbaum G, et al. The Consortium to Establish a Registry for Alzheimer's Disease (CERAD).
Part I. Clinical and neuropsychological assessment of Alzheimer's disease. Neurol. 1989;39: 1159–1165.

Tombaugh TN, Kozak J, Rees L. Normative data stratified by age and education for two measures of verbal fluency: FAS and animal naming. Arch Clin
Neuropsychol. 1999;14: 167–177. pmid:14590600

Davis B, Bull R, Roscoe J, Roscoe D, Saiz M. Educación física y el estudio del deporte. 4ª ed. Londres: Mosby. 2000.

Miyake A, Friedman NP. La naturaleza y la organización de las diferencias individuales en las funciones ejecutivas: cuatro conclusiones generales. Curr
Dir Psychol Sci. 2012;21: 8–14. pmid:22773897

https://doi.org/10.1155/2013/657508
http://scholar.google.com/scholar?q=A+Review+of+the+Effects+of+Physical+Activity+and+Exercise+on+Cognitive+and+Brain+Functions+in+Older+Adults+Bherer+2013
https://doi.org/10.1586/14737175.2013.845086
http://www.ncbi.nlm.nih.gov/pubmed/24134650
http://scholar.google.com/scholar?q=Non-pharmacological+interventions+and+neuroplasticity+in+early+stage+Alzheimer%26apos%3Bs+disease+Herholz+2013
https://doi.org/10.1002/14651858.CD006489.pub3
http://scholar.google.com/scholar?q=Exercise+programs+for+people+with+dementia+Forbes+2013
https://doi.org/10.1002/gps.2510
http://www.ncbi.nlm.nih.gov/pubmed/20878665
http://scholar.google.com/scholar?q=The+effects+on+cognitive+functions+of+a+movement-based+intervention+in+patients+with+Alzheimer%26apos%3Bs+type+dementia%3A+a+pilot+study+Yaguez+2011
https://doi.org/10.1159/000272435
http://www.ncbi.nlm.nih.gov/pubmed/20150731
http://scholar.google.com/scholar?q=Effects+of+a+physical+training+programme+on+cognitive+function+and+walking+efficiency+in+elderly+persons+with+dementia+Kemoun+2010
https://doi.org/10.1016/j.jagp.2013.01.060
http://www.ncbi.nlm.nih.gov/pubmed/23582750
http://scholar.google.com/scholar?q=Mental+and+physical+activities+delay+cognitive+decline+in+older+persons+with+dementia+Cheng+2014
https://doi.org/10.1111/j.1471-6712.2011.00895.x
http://www.ncbi.nlm.nih.gov/pubmed/21564154
http://scholar.google.com/scholar?q=A+community-based+exercise+programme+to+improve+functional+ability+in+people+with+Alzheimer%26apos%3Bs+disease%3A+a+randomized+controlled+trial+Vreugdenhil+2012
https://doi.org/10.1001/jamaneurol.2013.4781
http://www.ncbi.nlm.nih.gov/pubmed/24276217
http://scholar.google.com/scholar?q=Serum+brain-derived+neurotrophic+factor+and+the+risk+for+dementia%3A+the+Framingham+Heart+Study+Weinstein+2014
https://doi.org/10.1007/s12603-012-0402-8
http://www.ncbi.nlm.nih.gov/pubmed/23459978
http://scholar.google.com/scholar?q=A+review+of+multidomain+interventions+to+support+healthy+cognitive+ageing+Schneider+2013
https://doi.org/10.1016/j.amepre.2011.10.016
http://www.ncbi.nlm.nih.gov/pubmed/22261206
http://scholar.google.com/scholar?q=Exergaming+and+older+adult+cognition%3A+a+cluster+randomized+clinical+trial+Anderson-Hanley+2012
http://www.ncbi.nlm.nih.gov/pubmed/12611751
http://scholar.google.com/scholar?q=Executive+dysfunction+and+apathy+predict+functional+impairment+in+Alzheimer+disease+Boyle+2003
http://www.ncbi.nlm.nih.gov/pubmed/17848131
http://scholar.google.com/scholar?q=Relationship+between+executive+functioning+and+activities+of+daily+living+in+patients+with+relatively+mild+dementia+Razani+2007
https://doi.org/10.1016/j.arr.2012.10.001
http://www.ncbi.nlm.nih.gov/pubmed/23063488
http://scholar.google.com/scholar?q=Prevention+of+onset+and+progression+of+basic+ADL+disability+by+physical+activity+in+community+dwelling+older+adults%3A+a+meta-analysis+Tak+2013
https://doi.org/10.1016/j.archger.2014.06.006
http://www.ncbi.nlm.nih.gov/pubmed/25034708
http://scholar.google.com/scholar?q=What+are+the+factors+associated+with+physical+activity+%28PA%29+participation+in+community+dwelling+adults+with+dementia%3F+A+systematic+review+of+PA+correlates+Stubbs+2014
https://doi.org/10.1186/1479-5868-8-79
http://scholar.google.com/scholar?q=How+many+steps%2Fday+are+enough%3F+For+adults+Tudor-Locke+2011
http://scholar.google.com/scholar?q=The+Consortium+to+Establish+a+Registry+for+Alzheimer%26apos%3Bs+Disease+%28CERAD%29.+Part+I.+Clinical+and+neuropsychological+assessment+of+Alzheimer%26apos%3Bs+disease+Morris+1989
http://www.ncbi.nlm.nih.gov/pubmed/14590600
http://scholar.google.com/scholar?q=Normative+data+stratified+by+age+and+education+for+two+measures+of+verbal+fluency%3A+FAS+and+animal+naming+Tombaugh+1999
http://www.ncbi.nlm.nih.gov/pubmed/22773897
http://scholar.google.com/scholar?q=The+Nature+and+Organization+of+Individual+Differences+in+Executive+Functions%3A+Four+General+Conclusions+Miyake+2012


21.

Ver artículo Google Académico

22.

Ver artículo PubMed/NCBI Google Académico

23.

Ver artículo Google Académico

24.

Ver artículo PubMed/NCBI Google Académico

25.

Ver artículo PubMed/NCBI Google Académico

26.

Ver artículo Google Académico

27.

Ver artículo PubMed/NCBI Google Académico

Lautenschlager NT, Cox KL, Flicker L, Foster JK, van Bockxmeer FM, Xiao J, et al. Efecto de la actividad física en la función cognitiva en adultos mayores
con riesgo de enfermedad de Alzheimer: un ensayo aleatorizado. J Am Med Assoc. 2008;300: 1027–1037.

Scherder EJ, Van Paasschen J, Deijen JB, Van Der Knokke S, Orlebeke JFK, Burgers I, et al. Actividad física y funciones ejecutivas en ancianos con
deterioro cognitivo leve. Aging Ment Health. 2005;9: 272–280. pmid:16019281

van Uffelen JG, Chinapaw MJ, van Mechelen W, Hopman-Rock M. ¿Caminar o vitamina B para mejorar la cognición en adultos mayores con deterioro
cognitivo leve? Un ensayo controlado aleatorizado. Brit J Sports Med. 2008;42: 344–351.

Baker LD, Frank LL, Foster-Schubert K, Green PS, Wilkinson CW, McTiernan A, et al. Efectos del ejercicio aeróbico en el deterioro cognitivo leve: un
ensayo controlado. Arch Neurol. 2010;67: 71–79. pmid:20065132

Lam LC, Chau RC, Wong BM, Fung AW, Lui VW, Tam CC, et al. Seguimiento provisional de un ensayo controlado aleatorio que compara ejercicios de
estiramiento y de mente al estilo chino (Tai Chi) con la función cognitiva en sujetos con riesgo de deterioro cognitivo progresivo. Int J Geriatr Psychiatry.
2011;26: 733–740. pmid:21495078

Coelho FGdM, Vital TM, Stein AM, Arantes FJ, Rueda AV, Camarini R, et al. El ejercicio aeróbico agudo aumenta los niveles de factor neurotrófico
derivado del cerebro en ancianos con enfermedad de Alzheimer. J of Alz Dis. 2014;39: 401–408.

Brodaty H, McGilchrist C, Harris L, Peters KE. Tiempo transcurrido hasta la institucionalización y la muerte en pacientes con demencia: papel de la
formación de los cuidadores y factores de riesgo. Arch Neurol. 1993;50: 643–650. pmid:8503802

http://scholar.google.com/scholar?q=Effect+of+physical+activity+on+cognitive+function+in+older+adults+at+risk+for+Alzheimer+disease%3A+a+randomized+trial+Lautenschlager+2008
http://www.ncbi.nlm.nih.gov/pubmed/16019281
http://scholar.google.com/scholar?q=Physical+activity+and+executive+functions+in+the+elderly+with+mild+cognitive+impairment+Scherder+2005
http://scholar.google.com/scholar?q=Walking+or+vitamin+B+for+cognition+in+older+adults+with+mild+cognitive+impairment%3F+A+randomised+controlled+trial+van+Uffelen+2008
https://doi.org/10.1001/archneurol.2009.307
http://www.ncbi.nlm.nih.gov/pubmed/20065132
http://scholar.google.com/scholar?q=Effects+of+aerobic+exercise+on+mild+cognitive+impairment%3A+a+controlled+trial+Baker+2010
https://doi.org/10.1002/gps.2602
http://www.ncbi.nlm.nih.gov/pubmed/21495078
http://scholar.google.com/scholar?q=Interim+follow-up+of+a+randomized+controlled+trial+comparing+Chinese+style+mind+body+%28Tai+Chi%29+and+stretching+exercises+on+cognitive+function+in+subjects+at+risk+of+progressive+cognitive+decline+Lam+2011
http://scholar.google.com/scholar?q=Acute+Aerobic+Exercise+Increases+Brain+Derived+Neurotrophic+Factor+Levels+in+Elderly+with+Alzheimer%26apos%3Bs+Disease+Coelho+2014
http://www.ncbi.nlm.nih.gov/pubmed/8503802
http://scholar.google.com/scholar?q=Time+until+institutionalization+and+death+in+patients+with+dementia%3A+role+of+caregiver+training+and+risk+factors+Brodaty+1993

