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Effects of weight training on
cognitive functions in elderly with
Alzheimer’s disease

Thays Martins Vital', Saima S. Soleman Hernandez', Renata Valle Pedroso’, Camila Vieira Ligo Teixeira',
Marcelo Garuffi', Angelica Miki Stein, José Luiz Riani Costa’, Florindo Stella’?

ABSTRACT. Deterioration in cognitive functions is characteristic in Alzheimer’s disease (AD) and may be associated with
decline in daily living activities with consequent reduced quality of life. Objective: To analyze weight training effects on
cognitive functions in elderly with AD. Subjects: 34 elderly with AD were allocated into two groups: Training Group (TG)
and Social Gathering Group (SGG). Methods: Global cognitive status was determined using the Mini-Mental State Exam.
Specific cognitive functions were measured using the Brief Cognitive Battery, Clock Drawing Test and Verbal Fluency Test.
The protocols were performed three times a week, one hour per session. The weight training protocol consisted of three
sets of 20 repetitions, with two minutes of rest between sets and exercises. The activities proposed for the SGG were not
systematized and aimed at promoting social interaction among patients. The statistical analyses were performed with the U
Mann Whitney and Wilcoxon tests for group comparisons. All analyses were considered statistically significant at a p-value of
0.05. Results: There were no significant differences associated to the effects of the practice of weight training on cognition
in AD patients. Conclusion: In this study, no improvement in cognitive functions was evident in elderly with AD who followed
a low intensity resistance exercise protocol. Thus, future studies could evaluate the effect of more intense exercise programs.
Key words: cognition, Alzheimer’s disease, resistance training.

EFEITOS DO TREINAMENTO COM PESOS NAS FUN(}GES COGNITIVAS DE IDOSOS COM DOENGA DE ALZHEIMER

RESUMO. A deterioracdo das fungdes cognitivas ¢ caracteristica na doenca de Alzheimer (DA) e se relaciona com uma pior
realizagdo das atividades de vida didria levando a uma pior qualidade de vida. Objetivo: Analisar os efeitos de um programa
de treinamento com pesos nas fungdes cognitivas de idosos com DA. Sujeitos: 34 idosos com DA foram alocados em
dois grupos: Grupo Treinamento (GT) e Grupo de Convivio Social (GCS). Métodos: Para caracterizacdo do perfil cognitivo
global utilizou-se o Mini-Exame de Estado Mental. Para a mensuracgdo das fungées cognitivas foram utilizadas: Bateria
Cognitiva Breve, Teste do Desenho do Reldgio e teste de Fluéncia Verbal. Os protocolos oferecidos foram realizados trés
vezes na semana, durante uma hora. O protocolo de treinamento do GT consistiu em realizar trés séries de 20 repeticoes
para cada exercicio, com dois minutos de intervalo entre séries e entre exercicios. As atividades propostas para o GCS ndo
foram sistematizadas e tiveram por objetivo promover uma socializagdo dos pacientes. A andlise estatistica consistiu na
utilizag@o dos testes U Mann Whitney e Wilcoxon para comparagdo intra e entre grupos. Adotou-se nivel de significancia
de 5% para todas as andlises. Resultados: Ndo foram evidenciadas diferencas significativas relacionadas aos efeitos da
prética do treinamento com pesos na cognicéo de idosos com DA. Concluséo: Neste estudo ndo houve melhora nas fungoes
cognitivas em idosos com DA que realizaram um protocolo de exercicios resistidos de intensidade leve. Assim, estudos
futuros poderiam verificar o efeito de exercicios mais intensos.

Palavras-chave: cognigéo, doenga de Alzheimer, treinamento resistido.

INTRODUCTION

tion of neurofibrillary tangles and beta-amy-

Aizheimer’s disease (AD) is characterized
y progressive and irreversible cognitive
decline resulting from neuronal apoptosis,
predominantly caused by excessive accumula-

loid brain plaques.**

The key characteristic for clinical diagno-
sis of AD is memory impairment and at least
one other disorder such as apraxia, agnosia
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and aphasia that compromise the professional and so-
cial life of the individual.®

Changes in cognitive functions, a characteristic of
AD, are associated with impairment in instrumental
and basic activities of daily living.%” These modifications
can affect the quality of life of patients and caregivers as
well as increase the chance of early institutionalization
of this patient group.®™*

Some studies have shown that physical activity in
older adults with AD can contribute positively by at-
tenuating decline in cognitive function.'*** The possible
mechanisms of physical exercise in improving cognition
include an increase in cerebral blood flow, generating a
greater supply of oxygen and other energy substrates,
changes in the synthesis and use of important neu-
rotransmitters for brain activity and also positive in-
terference in brain angiogenesis, synaptogenesis and
neurogenesis. 1419

Most studies involving physical activity and AD
have used general or aerobic training protocols.”*?8 Few
studies however, have investigated the effects of weight
training on cognitive functions in patients with AD.

Studies with cognitively preserved elderly have
shown that weight training produces significant gains
in cognitive functions.?”*°

OBJECTIVE

To analyze the effects of a weight training program on
cognitive functions in elderly with Alzheimer’s disease.

METHODS

Subjects. All participants in this study were part of the
of Programa de Cinesioterapia Funcional e Cognitiva em
idosos com doenga de Alzheimer (PRO-CDA),*! an exten-
sion project offered by the Department of Physical Edu-
cation, Institute of Biosciences, Universidade Estadual
Paulista, Rio Claro campus.

The elderly entered the program through medical
indications, and also by their own and/or caregiver’s ini-
tiative after the announcement of the project in print
and broadcast media.

The sample comprised a total of 34 elderly with mild-
to-moderate stage of disease according to scores on the
Clinical Dementia Rating scale.?>*

The study inclusion criteria were: clinical diagnosis
of AD, according to the criteria of DSM-IV-TR® applied
by specialists in the area, and elderly with AD of mild
and moderate severities.

In order to characterize the level of physical activity
of the participants, the Modified Baecke Questionnaire
for Elderly was applied.*
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The sample was divided into the two groups by
convenience, adopting a similar distribution in terms
of age, sex, education and clinical condition (variables
characterizing the sample). Thus, the Training Group
(TG) consisted of 17 elderly and the Social Gathering
Group (SGG) also comprised 17 elderly. The evaluation
procedure described below was adopted for both groups.

Caregivers for the elderly signed the consent form,
approved along with the research project by the Re-
search Ethics Committee of the Universidade Estadual
Paulista, under protocol number 4826.

Evaluation procedures. Firstly, all elderly underwent di-
agnostic confirmation with a psychiatrist, specialized
in Geriatric Psychiatry. After confirming the diagnosis
for those patients that met the inclusion criteria of the
study, a second evaluation was scheduled with a blinded
evaluator.

Subsequently, the first evaluations were scheduled,
prior to the familiarization period of this study, in a sin-
gle visit lasting approximately 1 hour during which the
elderly were evaluated using the tests described below.
All evaluations were performed during the afternoon in
a quiet environment.

The Mini-Mental State Examination (MMSE) was
employed to characterize global cognitive status.®

As the MMSE is influenced by education, reference
values were proposed in order to distinguish subjects
with possible cognitive deficits. Brucki et al.* analyzed
a Brazilian sample and suggested the following values or
studies in this area: illiterates, 20 points; subjects with
1-4 years of schooling, 25 points, 5-8 years, 26,5; 9-11
years, 28 and for individuals with over 11 years of edu-
cation, 29 points.

The Brief Cognitive Battery (BCB)*’*® is a screening
instrument that measures cognitive processes, especial-
ly memory. This instrument has been used to identify
cognitive changes and is divided into domains namely:
identification, incidental memory, immediate memory,
learning, delayed recall and recognition. Importantly,
this instrument is not influenced by education.*

This Battery entails presenting the subject with 10
common figures (shoe, spoon, comb, tree, turtle, key,
airplane, house, book and bucket). These objects must
first be named by the subject (identification/appoint-
ment), who are then immediately asked to evoke each
item, without having been informed that the objects
were to be memorized (incidental memory). In the next
stage, the figures are shown again and the subject is re-
quired to memorize them (immediate memory), and the
procedure is repeated (learning). Again, the figures are



presented to the subject, with instructions to memorize
them and recall them later, after 5 minutes. However,
before this evocation, the examiner introduces two tests
that serve as distracters: the Verbal Fluency Test and
Clock Drawing Test (described below). After these two
tests, the subject is asked to evoke the figures previously
memorized (5 minutes). Finally, the 10 figures are pre-
sented along with 10 others and the participant has to
recognize the figures originally presented (recognition).
The total score is given as number of successes in each
domain, except for the recognition domain in which the
number of intrusions (errors) must be subtracted from
the number of successes.

The Clock Drawing Test consists of the task of
drawing a clock, inserting pointers and numbers, and
setting it to a given hour (e.g. 2:45 a.m.). This test as-
sesses executive functions (planning, abstract thinking,
logical and monitoring of executive processing).

The Verbal Fluency test** animals category is a sim-
ple test characterized by the ability of the subject to
name as many animals as possible within one minute.
This test measures processing speed, semantic memory
and especially language.

All evaluations described above were applied pre and
post intervention.

Design and intervention protocol. The study has a longitu-
dinal design, with an intervention period of 16 weeks.
Both intervention protocols involved sessions held
three times a week on nonconsecutive days, with each
sessions lasting one hour. All elderly had a minimum at-
tendance rate of 70% in their respective protocols.

Weight training experimental protocol — Training Group (TG).
The weight training protocol followed an alternating
order of segments, first lower then upper limbs with
five exercises performed, always starting with the large
muscle groups.

Initially, there was a familiarization period of the
patients in the training room (gym) involving three
sessions held on nonconsecutive days, during which pa-
tients performed one set of 20 repetitions for each exer-
cise, with minimal load. This period preceded the period
of the experimental protocol and was not included in
the 16 weeks of training.

The exercises selected for the implementation of this
protocol were: the Peck Deck, the Pull Down, Leg Press,
supported barbell curls performed with free weights and
Triceps Pulley. Participants were encouraged to main-
tain the same movement speed during concentric and
eccentric contractions of approximately two seconds.*?
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Warming up - Immediately before the exercise
sessions, there was a warm-up comprising a set of 20
repetitions with the minimum load for the respective
equipment. These loads were approximately Skg (Peck
Deck), Skg (Pull Down), 7kg (Leg Press), 1kg (Barbell
Curls) and Skg (Triceps pulley).*

Determining training load and overload — To deter-
mine the initial load and subsequent adjustments, a
test was performed with two sets of 20 repetitions and
a third set until fatigue (participant was instructed to
perform as many repetitions as possible), adopting a
five-minute interval between attempts. When the last
series exceeded 22 repetitions the load was increased.
Other parameters such as decrease in speed of execu-
tion and voluntary interruption of the movement were
used as indicators of fatigue during the determination
of load. Both determination and adjustment of loads
were performed during the training sessions and were
counted in the total volume of training.

The load related to exercising to fatigue in the third
set included three sets of 20 repetitions maximum.

Load adjustments were made every 15 days. Adjust-
ment determination was carried out over the course of
three sessions, corresponding to one week. Thus, out of
the 16 weeks of training, five were dedicated to adjust-
ing load.*?

Training sessions — Immediately after the tests were
conducted to determine or adjust load, training sessions
were held, which consisted of performing the same ex-
ercises at 85% of the load established previously in the
determination or adjustment for each exercise.

A two-minute interval was allowed between sets and
exercises. There was no stretching, before or after the
weight training protocol.

For safety, blood pressure was measured before and
immediately after the end of each training session, and
also medical and pharmacological accompaniment of
patients was not interrupted.*?

Experimental protocol — Social Gathering Group (SGG). The
activities proposed for this group were not systematic,
however they were designed to promote socialization of
patients and adaptation to the routine of the activities
developed in the project. The sessions were conducted
in a quiet environment without external influence. Ac-
tivities such as group dynamics, relaxation, short walks,
reading, poetry, musical activities, painting, movies,
mimes and recreational activities were carried out.

The lessons were developed by a multidisciplinary
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team composed of Physiotherapy, Psychology and Phys-
ical Education professionals, as well as undergraduate
trainees from the university and other private universi-
ties in the city.

For activities and materials, colored pencils and felt
pens were used for the drawing and painting activities,
rubber balls and balloons for group dynamics, and blunt
scissors for cutting out activities.*?

Statistical analyses. The U Mann Whitney and Wilcoxon
tests were used for all variables analyzed: BCB domains
(identification, incidental memory, immediate memory,
learning, delayed recall and recognition) and distracter
tests (Clock Drawing Test and Verbal Fluency). De-
scriptive statistics were employed to illustrate the data
analyzed. The significance level adopted was 5% for all
analyses.

RESULTS

On the initial analysis, there were no significant differ-
ences between groups at pre and post experimental pe-
riod and likewise no significant differences were found

Table 1. Means and standard deviations of variables characterizing the
Training Group (TG) and Social Gathering Group (SGG).

TG SGG

Age (years) 78.2+7.3 77.6+6.5
Education (years) 5.4+3.6 5.2+3.8
Mini-Mental State Examination (points) 18.4+4.3 17.7+5.3
Physical activity level (points) 5.4+2.7 3.7+£3.8
Duration of disease (months) 31.2+24.7 32.5+39.3
Female 14 13
Male 3 4

for all intra-group variables (domains, Clock Drawing
Test, Verbal Fluency and characteristic variables of the
sample).

Table 1 shows the characteristics of the study
participants.

Tables 2 and 3 contain the descriptive statistics of
the data analyzed by domains of the Brief Cognitive
Battery (BCB), Clock Drawing Test (CDT) and Verbal
Fluency (VF).

Table 2. Medians, range and p-value of domains on BCB for Training Group (TG) and Social Gathering Group (SGG) pre and post intervention.

TG SGG
Range Range
Domains Median Min. - Max. Median Min. - Max. p
Identification Pre 10.0 0-10 10.0 3-10 0.7
Post 10.0 3-10 10.0 2-10 0.6
Incidental Memory Pre 2.0 0-7 2.0 0-9 0.6
Post 2.0 0-9 30 0-8 09
Immediate Memory Pre 3.0 1-9 4.0 0-9 0.2
Post 5.0 0-9 3.0 0-10 0.1
Learning Pre 4.0 1-8 4.0 0-10 0.9
Post 5.0 0-10 50 0-8 0.7
Delayed Recall Pre 1.0 0-7 0.0 0-10 0.6
Post 0.0 0-10 0.0 0-8 09
Recognition Pre 4.0 0-10 5.0 0-10 0.7
Post 5.0 0-10 50 1-10 04

Table 3. Medians, range and p-value of Clock Drawing Test (CDT) and Verbal Fluency (VF) for Training Group (TG) and Social Gathering Group (SGG) pre and

post intervention.

TG SGG
Range Range
Tests Median Min. - Max. Median Min. - Max. p
coT Pre 6.0 0-9 40 0-9 0.4
Post 7.0 0-9 5.0 1-10 0.8
VF Pre 5.0 3-13 6.0 1-11 09
Post 6.0 0-12 5.0 0-13 0.6
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DISCUSSION

The present study found no significant differences asso-
ciated to the effects of the practice of strength training
on memory and cognition in elderly with AD.

By contrast, some studies have found positive ef-
fects of physical activity on cognitive function in elderly
with AD.?>15

Antunes et al.’® emphasized that the effects of the
practice of physical activity depend on the cognitive task
and type of exercise chosen.

All studies reviewed by Coelho et al.”® involved proto-
cols of generalized physical activity or aerobic training.
Few studies have addressed cognitive function in elderly
and weight training,*® while fewer still have investigated
the effects of such training on cognitive functions in el-
derly with AD.

Perrig-Chiello et al.*” and Lanchman et al.** found
no significant differences in memory in the elderly after
practicing resistance training.

However, Cassilhas et al.?® and Liu-ambrose et al.*®
showed positive effects of weight training on memory
and cognitive functioning among elderly. Busse et al.*
found that older adults with memory impairment had
significant improvement on tests of episodic memory
after undergoing a period of resistance training.

Itis important to emphasize that none of the studies
mentioned above involved a sample of elderly with AD.

Thomas and Hageman®® found positive effects of
weight training on neuromuscular function of elderly
with dementia, however, the sample was heterogeneous
in type of dementia and authors did not focus on the
results for cognition of participants.

Areview by Hurley et al.*’ found an inverse relation-
ship between muscle strength and AD. The systematic
review conducted by Coelho et al.* found that system-
atic physical activity can preserve or even improve cog-
nitive function in elderly with AD.

Given the fact that the present study failed to show
improvement in any of the cognitive variables tested,
we suggest the implementation of resistance training
with higher intensities, in order to verify whether great-
er intensities promote gains in cognitive levels.

This finding however, must be treated with caution
since progression of cognitive decline is also related to
stage of the disease. Thus, not only the protocols used
but the clinical condition of elderly, still relatively pre-
served, could have influenced the study results.

The number of sessions in the present study may
have been insufficient to generate significant results,
because there were only 48 sessions of weight training,
of which 15 were used to adjust the load.
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Lachman et al.** found that elderly people who had
greater changes in load during the training program
showed significant improvement in working memory.
In the present study, the evolution of load achieved by
all patients in the TG was observed, and the training vol-
ume was expressed by multiplying the number of sets
(three sets) by the number of repetitions (20 repeti-
tions) by the averageload of all patients for each exercise.

For all periods employed, the patients showed an in-
crease of at least 50% in the total volume of exercise.
However, no significant difference in memory as as-
sessed by the BCB was detected. Therefore, we empha-
size that the number of repetitions used in this study
may not have generated sufficient intensity to pro-
mote significant responses, mainly in the central levels,
whereas the intensity of the present training was con-
sidered low.

First, it is important to emphasize that this low in-
tensity of training was determined to promote greater
patient safety, thus avoiding possible muscle damage.

The training protocol used in this study seems to
have generated an intensity which was not sufficient to
generate a satisfactory response among patients, thus
being considered an exercise program of low intensity.
Programs investigating higher intensities in training
have tended to show different results regarding the ef-
fects of weight training and cognitive functions in el-
derly with AD.

Moreover, no significant difference was observed in
the groups’ behavior after the intervention period on
the distracter tests: CDT and VF aimed at testing frontal
executive functions and language.

Adherence to physical activity programs by eldetly
with AD remains a limitation to the research on this
population. In our study, the program was widely publi-
cized in newspapers and television and medical indica-
tions also helped patients enter the program. However,
factors such as the association of AD with a clinical pa-
thology and resistance or lack of availability of caregiv-
ers, represent barriers to the practice of physical activity
by this population.

Motivation to attend the program should be con-
stant, since it is an inherently unstable population from
a behavioral point of view. In this sense, inter and intra
generations should be encouraged in order to strength-
en social networks. Thus, it is believed that investiga-
tion into barriers to the practice of physical activity in
this population may yield further insights for future
approaches.

The present study has some limitations such as the
absence of a control group that did not do any kind of
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activity, the non-random distribution, and also the
small sample size.

Accordingly, it is important to encourage further
studies that investigate and manipulate the frequency,
number of sets, repetitions, interval and intensity of
training in order to verify other responses to resistance
training in elderly with AD. Furthermore, the use of
other instruments to determine cognitive functions
in more depth could help to investigate the results of
the training. Studies should be undertaken to verify
the effects of this type of training on motor functional-
ity of AD patients and also to ascertain how this type

of training could help reduce the burden and stress of
caregivers.
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