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ABSTRACT
Background: with the aging of population the cases of dementia will increase.
Consequently, new perspectives are emerging for its approach, amongst them
cognitive training, bilingualism, risk factors prevention and a healthy lifestyle.
Objectives: to select, analyze and contrast, through a literature review, scientific
evidence about bilingualism as a possible physiotherapy technique for treating
dementia.
Search strategy and study selection: the reviewed articles for this work were
chosen from the "Pubmed", "PEDro", "Punto Q de la Biblioteca de la Universidad
de la Laguna" and "Science Direct" databases. We included all the studies found
between January 2013 and April 2018 which analyzed the relationship between
bilingualism and dementia. A total of 10 articles were selected by an electronic
search using a combination of the expressions dementia, bilingualism, aging, elderly
people, physiotherapy and physical therapy.
Analysis and synthesis of results: bilingualism might contribute to cognitive
reserve, protect against cognitive decline, and delay the onset of dementia. Some
authors did not find it when distinguishing prospective from retrospective studies,
however new clinical trials have found positive evidence.
Conclusions: the results observed may confirm that bilingualism has positive effects
on the treatment of dementia in the sense that it could delay the onset of the
condition in 4-5 years. However, bilingualism per se is not a protective factor. There
are many risks factors which make the condition more likely to occur.

Key words: dementia, bilingualism, aging, elderly people, physiotherapy and
physical therapy.

RESUMEN
Introducción: con el envejecimiento de la población los casos de demencia
aumentarán, por lo que nuevos enfoques están surgiendo para su abordaje, entre ellos
el entrenamiento cognitivo, el bilingüismo, la prevención de factores de riesgo y un
estilo de vida saludable.
Objetivos: seleccionar, analizar y contrastar, a través de una revisión bibliográfica
sistemática, evidencia científica sobre el bilingüismo como posible técnica en el
tratamiento de la demencia.
Estrategia de búsqueda y selección de artículos: los artículos revisados para este
trabajo fueron escogidos de las bases de datos "Pubmed", "PEDro", "Punto Q de la
Biblioteca de la Universidad de la Laguna" y "Science Direct". Se incluyeron todos
los artículos encontrados entre enero de 2013 y abril de 2018 que analizaban la
relación entre bilingüismo y demencia. Un total de 10 artículos fueron seleccionados
mediante búsqueda electrónica empleando una combinación de los términos
dementia, bilingualism, aging, elderly people, physiotherapy and physical therapy.
Síntesis y Análisis de los resultados: el bilingüismo podría contribuir a la reserva
cognitiva, proteger contra el deterioro cognitivo, y retrasar el comienzo de la
demencia. Algunos autores no coinciden con estos resultados al distinguir estudios
prospectivos de retrospectivos, sin embargo, nuevos ensayos clínicos han hallado
evidencia científica.
Conclusiones: los resultados observados podrían confirmar que el bilingüismo tiene
efectos positivos en el tratamiento de la demencia, en el sentido de que retrasarían el
comienzo de la enfermedad en 4-5 años. Sin embargo, el bilingüismo per se no es un
factor protector. Hay muchos factores de riesgo que aumentan la probabilidad de que
la enfermedad aparezca.

Palabras clave: demencia, bilingüismo, envejecimiento, personas mayores,
fisioterapia, terapia física.

LIST OF ABBREVIATIONS
AD: Alzheimer´s disease
ALSA: Australian Longitudinal Study of Ageing
CR: cognitive reserve
CSF: cerebrospinal fluid
EC: executive control
FINGER: Finnish geriatric intervention study to prevent cognitive impairment and
disability
FLL: foreign language learning
GAP: Gipuzkoa Alzheimer Project
GMV: gray matter volume
L2: second language
MCI: mild cognitive impairment
MMSE: mini mental state examination
VBM: voxel-based morphometry

IMAGE INDEX
Image 1.1. Different parts of the brain .........................................................................2
Image 1.2. Anatomy and functional areas of the brain ................................................4
Image 1.3. Principal brain structures involved in cognitive control and their putative
functions .......................................................................................................................5
Image 1.4. Growth in numbers of people with dementia in high-income and low and
middle-income countries ..............................................................................................9
Image 1.5. Potential brain mechanisms for preventive strategies in dementia ..........10
Image 1.6. Risk factors for dementia. Life-course model showing potentially
modifiable and non-modifiable risk factors for dementia ........................................12
Image 1.7. A schematic representation of potential bilingual CR mechanisms ........13
FIGURE INDEX
Figure 1.1. Changes associated with a chronologic aging ...........................................8
Figure 3.1. Searching strategies .................................................................................17
Figure 3.2. Research in databases ..............................................................................19

INDEX
1. BACKGROUND................................................................................................. 1
1.1. Anatomy and aging of the brain ..................................................................... 2
1.2. The elderly. Sensory and cognitive changes ................................................... 7
1.3. Dementia........................................................................................................ 9
1.4. Cognitive reserve ......................................................................................... 10
1.5. Lifestyle factors ........................................................................................... 10
1.6. Bilingualism................................................................................................. 12
1.7. Foreign language training as a cognitively stimulating exercise .................... 14
1.8. Combination strategies. Primary prevention ................................................. 15
1.9. Indirect benefits ........................................................................................... 15
2. OBJECTIVES .................................................................................................. 16
2.1. Main objective ............................................................................................. 16
2.2. Secondary objectives ................................................................................... 16
3. SEARCH STRATEGY AND STUDY SELECTION ..................................... 17
3.1. Search strategy ............................................................................................. 17
3.2. Study selection ............................................................................................. 18
4. ANALYSIS AND SYNTHESIS OF RESULTS ............................................... 20
4.1. Results. A brief summary ............................................................................. 20
4.2. Analysis of results ........................................................................................ 20
4.3. Synthesis of results ....................................................................................... 20
4.4. Charts .......................................................................................................... 24
5. DISCUSSION ................................................................................................... 28
6. CONCLUSIONS............................................................................................... 33
7. REFERENCES ................................................................................................. 34

1. BACKGROUND
The Chartered Physiotherapy College of the Canary Islands (Colegio Oficial de
Fisioterapeutas de Canarias) has just declared: "the passage of time generates a
series of physical, cognitive, social and psychological changes in our body that,
however, cannot only be rehabilitated and treated, but also prevented with
physiotherapy and physical exercise techniques". They have led two programmes
with women ranged from 40 to 86 years old. The institution also added "in addition
to physiotherapy, we have included pilates classes, ergonomic lectures and selfcare".

The quotation above makes it clear that there is a social necessity and it is the
physiotherapist the qualified professional to achieve these targets. However, although
physiotherapy is advancing in a lot of areas and it is incorporating new techniques
from other health fields, new possibilities such as bilingualism or foreign language
learning (from a therapeutic approach, neither pedagogical nor professional) seem
not to be taken into account despite scientific evidence of its usefulness as a modality
of cognitive training. Thus, there is a gap where this issue is concerned.

The brain is the most complex organ in the body. It has different structures and
specific functions which have impact all over the body. Although the whole
organism is affected with aging, it is in the brain where usually the origin of these
specific conditions is conveyed. Elderly people suffer from several sensory and
cognitive changes, being a population at risk of suffering from dementia.
Nevertheless, we can perform through our own decisions in life-style to confront the
damages at both structural and functional levels due to aging, and in other words, to
improve the brain ability called cognitive reserve (CR) which allows us to tolerate
more neuropathology without cognitive and functional deterioration, so that
dementia will progress slower.

A common exercise to improve CR is cognitive training; therefore, it is not
surprising that bilingualism or foreign language learning (FLL) has become a
cognitively stimulating exercise with positive effects. Future has the best ally in not
expecting the condition to have arrived at senior citizens and to utilize a combination
1

of primary prevention strategies from the youth. When that happens the benefits will
be greater than we expected.

1.1.

Anatomy and aging of the brain
The brain is the most complex organ in the body. It is made of 4 main parts:

the forebrain, midbrain, hindbrain and spinal cord. The forebrain consists of the
cerebrum, thalamus and hypothalamus. Tectum and tegmentum are the components
of midbrain, and the hindbrain is made of the cerebellum, pons and medulla
oblongata.

Image 1.1. Different parts of the brain. Source: Askiitians2.

Brain activity is explained following the next procedure: 3,4
The brainstem is broken down into three individual structures: medulla oblangata,
pons and midbrain. Its functions are:
- More basic needs (breathing, circulation, digestion, swallowing).
- Routing and filtering information, sending it where it needs to go (sensory
information -in- and motor information -out-).
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Behind the brainstem, at the back of the brain, we find the cerebellum. This region
is a coordinating center for movement, its function is motor control and motor
sensory.
If we move up, we have the thalamus (a large mass of gray matter), which sits
right on top of the brainstem. It basically sorts data and sends them where they need
to go, acting as a gateway to the higher cortical regions. Surrounding the thalamus
there is a structure called the hippocampus. This is a crucial part of the brain, being
the seat for our spatial working memory.
Below the thalamus there is a small structure called the hypothalamus, placed
right above the roof of the mouth. It is responsible for keeping homeostasis. Its
function is to maintain body temperature, osmolarity and also it is important in
circadian rhythms. If we look right below there is a little gland handing out, and onehalf of that pituitary gland, the posterior pituitary, is technically part of the brain. It is
important because of its sending off hormones.
If we keep moving up then we get to the level of the cerebrum. The function of
the cerebrum is integration, that is to say, making sense of all those data that come in.
Brain is not made of muscle or bone, even thought it takes over a fifth (20%) of the
calories we eat just to keep it running. Instead, cerebrum is made up of billions upon
billions of cells called neurons connected together. The cells are very specialized
with long extensions through which they communicate to each other and form large
and complex networks. These networks are the basis of how the brain does what it
does.
Looking at the cerebrum from a top view, it is divided in two hemispheres, one on
the right side and other on the left, both connected in the middle using something
called the corpus callosum which is a connection of nerves in between the two
hemispheres. On the left side it is located mathematical reasoning and logic, while
on the right it is situated facial recognition, but cerebrum has plasticity. Just below
the corpus callosum we get into the area called the basal ganglia. It is made up of a
bunch of nuclei. It controls a great deal of our motor control.
As we move farther up the brain, we eventually reach the central cortex, which is
about 80 per cent of the brain. It is divided into four lobes that perform very different
tasks. At the front of the brain we have the frontal lobe. It is probably the most
3

important part of the brain for defining us as who we are. Its role is mostly executive
and it is where our higher emotions and personality reside as well as language and
social behaviour. It is our decision-making center and contains the motor cortex
which controls voluntary movement.
If we move back towards the back of the brain we arrive at the parietal lobe. Its
function is basically sensation, so dealing with and reacting to the environment. As
we move to the back we have the occipital lobe. It contains the visual cortex and so it
is mainly concerned with vision. When we move to the side we find the temporal
lobes. They are important in language, hearing and memory. It contains the
hippocampus and a number of other regions that are required for us to recognize
different objects and faces, sounds and environments.
If we went inside the parietal zone we would find an important part called
somatosensory cortex that takes in information, makes sense of it. On the other side
of the lobe it is the motor cortex which is sending information out.
Two brain maps are shown to facilitate a comprehension of its function and
consequently to get a better understanding of the bilingual process.

5

Image 1.2. Anatomy and functional areas of the brain. Source: Sukel, K (2011) .
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Image 1.3. Principal brain structures involved in cognitive control and their putative functions. Source:
Abutalebi and Green (2007)6.

Taking into account the normal structure and function of the telencephalon, we
will now explain what happens to this region with aging. Cognitive change as a
normal process of aging has been well documented in the scientific literature 7,8.
As we age our brains shrink in volume, particularly in the frontal cortex. Memory
decline also occurs with aging and brain activation becomes more bilateral for
memory tasks7.
Dementia is particularly affected on executive functions8. Executive functioning
refers to capacities that allow a person to successfully engage in independent,
appropriate, purposive, and self-serving behaviour. This includes a wide range of
cognitive skills such as the ability to self-monitor, plan, organize, reason, be mentally
flexible, and problem-solve. Research has shown that concept formation, abstraction,
and mental flexibility decline with age, especially after age 70, as older adults tend to
think more concretely than younger adults. Aging also negatively affects response
inhibition, which is the ability to inhibit an automatic response in favour of
producing a novel response. Executive abilities requiring a speeded motor
component are particularly susceptible to age effects. Reasoning with unfamiliar
material also declines with age.
5

Some of the age-related changes that have been identified constitute a grey matter
volume (GMV) decline. It begins to decrease after age 20. The amount of atrophy is
most prominent in the prefrontal cortex. Age-related changes in the temporal lobes
are more moderate and involve decreases in the volume of the hippocampus. The
entorhinal cortex, which serves as a relay center between the hippocampus and
association areas, has been reported to undergo early decreases in volume in
Alzheimer’s dementia (AD), but not in normal aging.
The death of neurons themselves has been implicated as a possible cause of GMV
loss. Also the protein beta-amyloid is found to accumulate in the brains of all patients
with AD, and has been proposed to cause AD via neuronal death. Its elevated
presence in patients with mild cognitive impairment predicts conversion to AD.
Despite the numerous theories explaining neuronal loss, GMV decline in older adults
is best explained not by death of the neurons themselves but by a decrease in their
size and the number of connections between them.
Finally, white matter volume decrease is much greater than grey matter volume
reduction with increasing age. However, biological aging is not associated absolutely
to chronological aging and it may be possible to slow it and even reduce the
possibility of suffering from age related diseases such as dementia 7. Bilingualism, the
question that concerns us, is a good example to help against aging as an aspect of
cognitive processing, in particular EC, becomes enhanced by bilingualism9.
EC embraces the management of processes responsible for working memory,
reasoning, task switching, planning and problem solving. For bilingualism, the
reason for the enhancement of EC is generally traced to the need to manage two
jointly activated representational systems,10 a task that bilinguals likely achieve by
recruiting domain-general mechanisms of attention11 .
There is evidence that both languages are active regardless of a bilingual’s
intention to use one language only producing an “extra effort” provided by handling
two or more languages12,13 This language control device is considered part of the
more general EC system, and the extra use of this system in bilingual speakers may
induce brain plasticity within the related cognitive control brain network 14.

6

1.2. The elderly. Sensory and cognitive changes
Sensory and cognitive changes, as well as weakness may be subtle or may be
serious in the diverse elderly population. Falls, cardiovascular diseases, and
difficulties with activities of everyday life are common but not universal. Some
hearing and vision loss are typical ingredients of aging as well as a reduction in
immune functions. Cardiovascular disease together with osteoporosis and dementia
are usual chronic conditions. Osteoarthritis, diabetes, and their related mobility
disability will rise in prevalence as the population becomes older and more
overweight15.

The changes associated with a chronologic aging can be split into a few categories
as shown in the table below.

7

hearing loss
SENSORY CHANGES

visual acuity
vestibular function

NORMAL AGING
MUSCLE STRENGTH AND FAT CHANGES
IMMUNOSENESCENCE
UROLOGIC CHANGES
CARDIOVASCULAR DISEASE

SOMATIC
DISEASE AND
MULTIPLE
CHRONIC
CONDITIONS

HYPERTENSION
CANCER
OSTEOARTHRITIS
DIABETES MELLITUS
OSTEOPOROSIS
MULTIPLE CHRONIC CONDITIONS
WALKING SPEED

PHYSICAL
FUNCTION

MOBILITY DISABILITY
DISABILITY IN ACTIVITIES OF DAILY LIVING
FALLS
FRAILTY
CONTINENCE
COGNITIVE AGING

PHYCHOLOGICAL DEMENTIA
AND COGNITIVE DEPRESSION
MARRIED

SOCIAL
ENVIROMENTAL

WEALTHY
SOCIAL ISOLATION
POLYPHARMACY

MEDICAL
DECISIONS

HOSPITALIZATION
INSTITUTIONAL PLACEMENT
ADVANCE DIRECTIVES AND END OF LIFE CARE

Figure 1.1. Changes associated with a chronologic aging. Source: own elaboration based on Jaul, E.,
15
Barron, J. (2017) .
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As part of aging, elderly population suffer a decline in cognitive abilities
(memory, executive functions, word-retrieval) and GMV as well as an increased risk
of brain disease16. With this reality, public health systems will be gradually more
troubled with the necessity to cope with the concern and treatment of people with
dementia due to the population aging and the spectacular growth in the amount of
elderly citizens17. In fact, the global incidence of dementia is calculated to go beyond
45 million people18 and is expected to triple by 2050 as a consequence of enlarged
life expectation, proving dementia as one of the major worldwide public health
challenges19. This is expected to occur particularly in low and middle-income
countries20 (image 1.4).

Image 1.4. Growth in numbers of people with dementia in high-income and low and middle-income
countries. Source: LIVINGSTON, G. et al (2017) 20.

Most of society is affected on account of people with dementia, who require
both health and social care. In 2015 the global cost of dementia was calculated to be
US$818 billion (almost 85% of costs are related to family and social, rather than
medical, care), in other words, the more expected the number of people with
dementia, the more economical cost it will generate20.
1.3. Dementia
The word dementia has a Latin origin being composed of two elements, de
(out of) and mens (mind)19. The initial phase of dementia is called mild cognitive
impairment (MCI) which starts with a decline of the preceding cognitive level.
However, in dementia activities of daily living or social functioning are affected, so
that the limit between both of them is difficult to establish20.
9

There are many different types of dementia20 such as vascular, with Lewy
bodies, or the ones produced by brain injury, infections, alcohol abuse or a mix of
them21. Nevertheless, AD, a progressive neurodegenerative, irreversible and
disabling disease22, is the most common form (60-80% of cases)18.
Enlarged levels of amyloid-beta (Aβ) peptide, which is deposited
extracellularly in disperse and neuritic plaques, and hyperphosphorylated tau (p-tau),
a microtubule assembly protein that amasses intracellularly as neurofibrillary tangles
seem to be the characteristic pathological criteria for AD diagnosis19. There is
agreement about an asymptomatic AD stage to emerge about 20 years before the
onset of symptoms23.

1.4. Cognitive reserve
The concept of CR is defined as the capacity to bear more neuropathology
(anatomical damage) without cognitive and functional deterioration, and thus
develop dementia more unhurriedly than individuals without this kind of brain
reserve24.
This is not just a theory, some studies25,26 found that Alzheimer brain
condition occurs in about 30% of all autopsies, although these patients did not suffer
from symptoms of dementia, and therefore, less CR has an earlier development of
dementia as a consequence. CR is modulated by exposure to reserve-enhancing
factors20, for example physical exercise, intellectual stimulation, or leisure activities,
even among those people with genetic tendency to dementia27.

1.5. Lifestyle factors
We are unable to stop time, however, we can choose how to live it and our
relationship with dementia risk factors, since some of them are potentially
modifiable20 through our lifestyle. Therefore, we can partly choose to decrease or
increase the odds of dementia since the more physical conditions people suffer, the
more likely they are to develop dementia, probably related to a lack of pliability and
repair28.
Taking into account the above information, the next image shows all the
possible actions to prevent or delay dementia.
10

Image 1.5. Potential brain mechanisms for preventive strategies in dementia. Source: LIVINGSTON, G.
et al (2017)20.

Having in mind the importance of our own life style where health is
concerned, we should not expect significant changes without improving it.
Livingston, G. el al20. put forward that about 35% of dementia is due to a
combination of the following nine risk factors (see image 1.6.): education to a
maximum of age 11-12 years, midlife hypertension, midlife obesity, hearing loss,
late life depression, diabetes, physical inactivity, smoking, and social isolation. On
the contrary, entirely removing the apolipoprotein E (ApoE) ε4 allele as the main
genetic risk factor is considered to generate a 7% decrease in occurrence.
In any case, there are more factors which could affect our cognitive status, for
instance, visual impairment, sleep disorders or noisy and polluted places, however
further studies must be carried out.

11

Image 1.6. Risk factors for dementia. Life-course model showing potentially modifiable and non20

modifiable risk factors for dementia. Source: LIVINGSTON, G. et al (2017) .

1.6. Bilingualism
Before it was mentioned that CR could be improved by intellectual
stimulation, so bilingualism might be a great source of CR. Bilinguals are considered
those people who are able to communicate fluently at least in 2 languages and carry
out regular use for both29. Science declares that the key to get a greater CR is due to
the fact that bilinguals reinforce their executive control (EC) or discriminating
interest17.
12

Why does bilingualism affect EC processes? The hypothesis is that dissimilar
to monolinguals, bilinguals are constantly demanded to decide on the language they
try to use and / or restrain the language they do not want to utilize, and these
mechanisms are part of the EC system, so the rise in cognitive load would produce
neural plasticity in areas connected to EC resulting in CR that can eventually shield
the aging brain from atrophy. Scientific literature has certified benefits in the left
prefrontal cortex30, inferior parietal lobule31 and temporal poles32.
Gold BT (2015)33 reviewed the findings and potential mechanisms of lifelong
bilingualism and neural reserve against AD (see image 1.7.). Bilingualism may delay
the onset of clinical AD symptoms through positive effects on the functioning of
frontostriatal and frontoparietal brain systems involved in EC functions. The dorsolateral prefrontal cortex represents a key hub in both frontoparietal and frontostriatal
networks relevant to executive functions.

Image 1.7. A schematic representation of potential bilingual CR mechanisms. DA, dopamine; NE,
33
norepinephrine. Source: GOLD BT (2015) .

How does bilingualism produce the benefits aforesaid? We have to
distinguish between two courses of action, on the one hand neural reserve where an
13

increasing of grey and white matter densities make brain more resistant to brain
atrophy or disease, and on the other hand, neural compensation where a loss of brain
structure, such as brain atrophy, is defeated by engaging more intact areas to
compensate for more defenceless ones34.

The benefits of bilingualism turn into a time delay of 4-5 years in relation to
monolinguals17 but not all studies exploring the effect of bilingualism express these
beneficial results, in particular the prospective ones, at least until 2017 where new
discoveries have conveyed favourable evidence for this type of research.16,29,34

1.7. Foreign language training as a cognitively stimulating exercise
Cognitive training has often been applied to enhance health by means of
arithmetic, logic puzzles or board games not including foreign language learning as a
useful method.35 During FLL, several cognitive processes are required such as
working memory, inductive reasoning, sound discrimination, speech segmentation,
task switching, rule learning, and semantic memory, resulting in a broad network of
the brain36. Evidence from young adult learners suggests that foreign language
training started in old age provokes structural brain transformations helpful and
beneficial to fabricate CR.30, 37
However the reality emphasizes other approaches as we can read in the
factual background published in a resolution to help the FLL38:
The learning of a foreign language has become an indispensable
element for the access of university graduates to the labor
market and for the promotion of active professionals in a
globalized economically and culturally world. The level of
knowledge of other languages in our country in general, and in
the Canary Islands in particular, does not reach the standards
that exist elsewhere in Europe, despite the fact that the Spanish
education system includes the study of a language, mainly
English, from primary education. However, after high school the
level acquired is usually low, which leads to think that there is a
problem in the way in which the language is taught, and that the
hours invested do not give the desired results. In primary and
secondary education, more than sixty percent of schools are
bilingual or teach non-linguistic subjects in English. This has
meant that the level of foreign languages, especially English, of
the student body has increased considerably.

14

After reading that, education and health, as two totally different issues and areas of
administration, decision-making process and scientific investigation, seems
obsolete39.

1.8. Combination strategies. Primary prevention
The Finnish Geriatric Intervention Study to Prevent Cognitive Impairment
and Disability (FINGER)40, a randomized controlled trial, raised and executed a
multidomain intervention on a sample of 1200 participants (60-77 years old) in order
to prevent cognitive decline.
FINGER was based on four demanding lifestyle-based strategies, nutritional
control, exercise, cognitive training and social activity, and management (monitoring
and maintenance) of metabolic and vascular risk factors. The participants were
divided into an intervention group versus a control one who received general health
guidance. This vastly intensive intervention consisted of approximately 200 meetings
(300 h) with health professionals and trainers over 2 years. There was a significant
progress in the intervention group versus the control one.

1.9. Indirect benefits
A paradigm among many others where indirect benefits are concerned, with an
enormous significance for physiotherapy, is that individuals with dementia are 2.7
times more likely to suffer a hip fracture than those without it and their managing is
calculated to cost £0.92 billion per year41. Consequently, if the amount of people
with dementia declines, the number of fractures in this population will also diminish.

15

2. OBJECTIVES

2.1. Main objective
To find, through a systematic and bibliographical review, scientific evidence
about the effects of bilingualism on the treatment for dementia.
2.2. Secondary objectives
To prove if bilingualism could delay the onset of dementia.
To show the impact of lifestyle and risk factors on dementia.
To obtain evidence about bilingualism as an alternative to conventional
cognitive training through FLL.
To adjust the role of physiotherapy in the treatment of dementia through
health and education areas.

16

3. SEARCH STRATEGY AND STUDY SELECTION

3.1. Search strategy
This literature review ranged from January 2013 until April 2018 by means of
a rigorous electronic search for literature articles making use of different databases,
such as PubMed, Physiotherapy Evidence Database (PEDro), Punto Q de la
Biblioteca de la Universidad de la Laguna and Science Direct.
The keywords used for research were: "dementia", "bilingualism", “aging”,
“elderly people”, "physiotherapy" and "physical therapy". In order to narrow down
the search further, the boolean “and” was used.

Key words

Combination

Database

1. Dementia

1&2
1&3
1&4
1&5
1&6
2&3
2&4
2&5
2&6
3&4
3&5
3&6
4&5
4&6

Pubmed

2. Bilingualism
3. Aging
4. Elderly people
5. Physiotherapy
6. Physical
therapy

Pedro
Punto Q
Science Direct

Figure 3.1. Searching strategies. Source: own elaboration.
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3.2. Study selection
Once inclusion (filters) and exclusion criteria were applied, 13953 results
were obtained as an initial search.
Inclusion criteria (filters):
studies carried out with human beings
articles published from 2013/ 01/ 01 to 2018/ 04/ 01
languages: articles either in English or Spanish
articles which full text availability
Exclusion criteria:
studies carried out with animals
articles published before 2013
articles published in any language other than English or Spanish
articles which did not have full text

After a thorough reading of title (first), articles that had not direct relationship
with the main objective were discarded. Then article duplicates among databases
were removed (second). Next after reading abstract (third), and finally after reading
article, 10 items were left based on the information they provided.
The following table shows the number of articles obtained from each
electronic database. This was done thanks to the process aforementioned:
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1º

2º

3º

Searching
databases

Results

Pubmed

1243

37

Pedro

7

3

PuntoQ

12458

20

Science
Direct

245

5

Total

13953

65

4º

5º

6º

After
After
After
After
reading duplicates reading reading
title
removed abstract article

(-6)

(-46)

(-3)

59

13

10

Figure 3.2. Research in databases. Source: own elaboration.
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4. ANALYSIS AND SYNTHESIS OF RESULTS
4.1. Results. A brief summary
In this section we have presented the different article results about the subject
that concerns, dementia and bilingualism. We finally collected 10 articles (all of
them in English language): 6 Reviews, 3 Clinical trials and 1 Cohort study, and have
classified them in a chronological order.
It is important to say that this is a new issue in the health field due to the fact
that in the past bilingualism was only investigated from an intelligence approach, so
we have made an updated review, in fact, the articles selected belong to the last five
years (ranged from 2013 to 2018).
To facilitate the reader´s comprehension we have made a specific chart which
shows a clear vision of the different parts of each article, for that reason, we have
organized the information according to several essential points: reference, research,
objective, intervention, results and conclusions.

4.2. Analysis of results
Establishing a chronological order, it is possible to observe how the scientific
community has evolved from papers focussed on reviews to projects targeted on
clinical trials.
In this systematic review there are six reviews belonging, either to 2013 (one
of them), 2016 (two of them) or 2017 (three of them). After that, three clinical trials
were included, which were published in 2017 (two of them) and 2018 (one of them).
Finally, there is only one cohort printed in 2018.

4.3. Synthesis of results
Once the chronological scheme is known, we are going to analyze the
aforementioned studies. In 2013, through a narrative review, Antoniou, M.,
Gunasekera, G. and Wong, P.35 demonstrated that two seemingly unconnected lines
of research, cognitive training programmes and multilingualism through FLL, could
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be a particularly beneficial safeguard for ensuring healthy cognitive function in older
adults.
They found 2 papers where FLL was implemented as a type of cognitive
training activity. In the first one, Stein et al. (2012)30 examined learning-related
structural changes in English native speakers (aged 18 years) following 5 months of
FLL. They found a correlation between proficiency in Swiss German and gray matter
density in the left IFG and the left anterior temporal lobe.
In the second one, Mårtensson et al (2012)37 examined Swedish native
speakers (aged 21 years) after three months of intensive training in an unfamiliar
language (Dari, Russian or Arabic). They observed significant changes in cortical
thickness in the fronto temporal cortex of the left hemisphere, indicating that adult
FLL is accompanied by increases of GMV in language related areas. Plasticity was
also observed in the hippocampus and left superior temporal gyrus.
Three years later, in March 2016, another narrative review is published by
Bialystok, E., Abulatebi, J., Bak, T., Burke, D. and Kroll, J.17. After taking into
consideration 9 studies, the authors found protective effect of bilingualism against
the onset of symptoms of dementia and a better recovery after stroke, allowing
saving in both human costs in terms of demented patients and economic
considerations in terms of public money.
The third and last narrative review selected in our project was written by
Spitzer, M.39 in July 2016. He found that bilingualism delays the onset of symptom of
dementia by about 5 years. In comparison, the medications available today to prevent
cognitive decline in the elderly, delay the onset, on average, by as little as three
months.
The first one, a systematic review and meta analysis by Mukadam, N.,
Sommerland, A. and Livingston, G.42 which was published before September 2017,
did not find that bilingualism protected from cognitive decline or dementia from
prospective studies, however retrospective studies found that bilinguals developed
symptoms of cognitive decline at a larger age than monolinguals.
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The second in terms of date of publication is a systematic review by Crous,
M., Minguillón, C., Gramunt, N. and Molinuevo, J.19 published in September. In this
paper, the studies, ongoing clinical trials recruiting participants with preclinical AD
or a higher risk for the onset of AD-related cognitive impairment, suggest that life
bilingualism may delay the onset of dementia, coinciding with Spitzer, M.39 but
qualifying the expression "may delay".
The third one, a systematic review and meta analysis by Livingston, G. et al.20
was published in December. They did not find that bilingualism protect from
cognitive decline or dementia from prospective studies.
In February 2017 Estanga et al.29 in their clinical trial found that bilinguals
had better performance than monolinguals regarding tasks of executive and visualspatial functions independently of age, education and intelligence. The participants
were healthy volunteers (aged 40-80) enrolled in the Gipuzkoa Alzheimer Project
(GAP), a longitudinal (prospective) study in nondemented adults recruited from the
community. Also early bilingualism was associated with lower cerebrospinal fluid
(CSF) total-tau (and lower prevalence of preclinical AD).
For their part, also in February 2018, Perani, D. et al.34 studied brain
metabolism and neural connectivity in 85 patients with probable AD, 45 GermanItalian bilingual speakers and 40 monolingual speakers. The results indicate that
lifelong bilingualism acts as a powerful CR proxy in dementia and exerts
neuroprotective effects against neurodegeneration since bilinguals were on average 5
years older than monolinguals, their cerebral hypometabolism was more severe and
showed an increased connectivity in the EC and the default mode network.
Also in February 2018, a cohort study by Mukadam, N., Jichi, F., Green, D.
and Livingston, G.43, the Australian Longitudinal Study of Ageing (ALSA), was
carried out. 2087 participants aged over 65 for more than 20 years were included and
baseline demographics, health, together with social characteristics between bilingual
and non‐ bilingual participants were compared. The results showed that bilingual
and non‐ bilingual participants did not differ in mini mental state examination
(MMSE) decline over time nor on baseline tests of executive function.
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They concluded that bilingualism is complex, and when it is not the result of
greater educational accomplishment, it does not always protect from cognitive
decline, thus, neuroprotective effects of bilingualism over time may be due to the
precise patterns of language use but not to bilingualism per se.
The last clinical trial was published by Borsa, V. et al.16 in March 2018. In
line with the above, the authors concluded that regular (daily) bilingual experience
mitigates the typical effects of aging on cognitive control at the behavioural and the
neural level. For that purpose they report a Voxel-Based Morphometry (VBM) study
showing increasing effects of age on GMV in brain structures that are involved in
cognitive control in bilingual seniors. The sample collected consisted of 20 bilingual
seniors with relatively early age of L2 acquisition and 20 monolinguals seniors.
Participants in each group had a comparable level of age, education and socio
economic status.
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4.4. Charts

DEMENTIA AND BILINGUALISM
Reference

Research

Objective

Intervention

Results

Conclusions

Antoniou, M.,
Gunasekera, G.,
Wong, P. (2013)35

Narrative
review

To
demonstrate
that To examine FLL as a type of FLL is accompanied by FLL programmes are an optimal
cognitive
training
and cognitive training activity.
increases of GMV in solution for building CR.
multilingualism
through
language related areas
FLL is an optimal solution
and brain plasticity.
for building CR.

Bialystok, E.,
Abulatebi, J., Bak, T.,
Burke, D., Kroll, J.
(2016)17

Narrative
review

To verify if bilingualism 9 studies were
protects cognitive function consideration.
and
delay
onset
of
symptoms of dementia.

Narrative
review

To search for evidence about 16 articles were identified.
the relationship between
increasing education through
bilingualism and its major
benefits to health.

Spitzer, M.
(2016)39

taken

into Protective effect
bilingualism.

of If symptoms of dementia could be
postponed, demented patients and
economic cost would be reduced.

Bilingualism delays the
onset of symptoms of
dementia by about 5
years.

Considering education and health
as two completely different
subjects
and
areas
of
administration, decision making
and scientific inquiry, seems
outdated.
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DEMENTIA AND BILINGUALISM
Reference

Research

Objective

Intervention

Mukadam,
N., Systematic To examine the evidence 13 articles were included.
Sommerland, A., review and about
the
effect
of
Livingston,
G. meta-analysis bilingualism on dementia.
(2017)42

Crous, M.,
Minguillón, C.,
Gramunt, N.,
Molinuevo, J. (2017)19
Livingston, G. et al.
(2017)20

Systematic
review

Results

Conclusions

Prospective
studies:
bilingualism did not
protect from cognitive
decline.

Public health policy should
eliminate
recommendations
regarding bilingualism as a
strategy to delay dementia and
instead concentrate on reducing
Retrospective studies: cognitive
inactivity
since
bilingualism protected
bilingualism is not an independent
from cognitive decline.
protective factor.

To review current strategies To summarize currently ongoing Lifelong
bilingualism
may delay the onset of
for AD prevention.
clinical trials.
dementia by about 4.5
years.

Strategies identifying individuals
at risk of developing AD and the
development
of
primary
prevention initiatives might be the
key to success.

Systematic
To evaluate the risk factors To review the best available Prospective
studies: More than a third of dementia
review
and involved in dementia.
there was no indication cases might theoretically be
evidence.
meta-analysis
that
bilingualism preventable.
protects from cognitive
decline.
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DEMENTIA AND BILINGUALISM
Reference
Estanga, A. et al
(2017)29

Research
Clinical Trial

Objective

Intervention

To
assess
effect
of Cognitively healthy middle-aged
bilingualism
on
the participants were evaluated.
association between age,
CSF AD-biomarkers, and - monolinguals (n = 100)
cognition.
- early bilingualism (n = 81)
- late bilinguals (n = 97)

Perani, D. et al
(2017)34

Clinical Trial

Mukadam, N., Jichi,
F., Green, D.,
Livingston, G.
(2018)43

Cohort

Results
Bilinguals had
performance
monolinguals.

Conclusions
better Bilingualism contributes to CR
than enhancing executive and visualspatial functions.

Early bilinguals had a Early bilingualism is associated
with more favourable CSF ADlower CSF total-tau.
biomarker profile.

Bilinguals were older Lifelong bilingualism acts as a
and showed a higher EC
powerful CR proxy in dementia
- 45 German-Italian bilingual despite
having
and exerts neuroprotective effects
hypometabolism.
speakers.
against neurodegeneration.
- 40 monolingual speakers.

To study brain metabolism 85 patients with probable AD.
and neural connectivity.

To clarify if bilingualism ALSA: 2087 participants aged Bilingual had lower
may be a factor in over 65 for more than 20 years. baseline MMSE scores
and did not differ in
preventing cognitive decline.
MMSE decline over
time.

Neuroprotective
effects
bilingualism over time may
attributable to the patterns
language use but not
bilingualism per se.

Tests
of
executive
function varied neither
over time nor on
baseline.
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of
be
of
to

DEMENTIA AND BILINGUALISM
Reference
Borsa, V.
(2018)16

Research

Objective

Intervention

et al Clinical Trial To test if speaking more A VBM study is reported.
than one language is
associated
with
neurocognitive benefits in
seniors.

Results
Higher aging-effects in
brain regions that are
associated with aging in
monolingual speakers.
Bilingual
seniors
exhibited
a
higher
MMSE global score.

Conclusions
Regular
(daily)
bilingual
experience mitigates the typical
effects of aging on cognitive
control at both behavioural and
neural levels.
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5. DISCUSSION
Through this work, and after an interpretation of the literature, we have tried
to show the knowledge regarding to the effects of bilingualism on the treatment for
dementia. At this point it is important to clarify the observed results because of the
limitations of some of them, so we are going to explain the most significant ones to
our knowledge.
The systematic review by Crous, M., Minguillón, C., Gramunt, N. and
Molinuevo, J.19 suggests that life bilingualism may delay the onset of dementia,
coinciding with Spitzer, M.39 but qualifying "may delay". It is important to highlight
the difference between "delay" the onset of dementia on the one hand and "may
delay" the onset of dementia on the other, as bilingualism per se is not the only factor
involved in health.
In the two systematic reviews and meta analyses, the first one corresponding
to the work of Mukadam, N., Sommerland, A. and Livingston, G.42, and the second
one by Livingston, G. et al.20, both of them from the point of view of prospective
studies do not find that bilingualism protects against cognitive decline or dementia.
Mukadam, N., Sommerland, A. and Livingston, G.42 add that public health policy
should eliminate recommendations regarding bilingualism as a strategy to delay
dementia and instead concentrate on a more general reduction of cognitive inactivity
since bilingualism is not an independent protective factor.
In relation to this conclusion, it seems reasonable to think that neither
bilingualism nor physical exercise, neither education nor other types of cognitive
training that have been investigated (e.g.: maths and crossword puzzles), are per se
independent factors. Moreover the authors distinguish cognitive training from
bilingualism when the question could be, is not bilingualism a direct or indirect kind
of cognitive training?
It is curious the way that the three authors from the first systematic review
and meta analysis also take part in the second systematic review and meta analysis.
The last paper is a greater and deeper study than the first one due to the fact that it
analyzes dementia compared with all possible related factors to this condition. In the
first systematic review and meta analysis the authors search Pubmed (1946) and Web
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of knowledge (from 1900) until 23 November 2016, thus, they cannot include
information about new discoveries such as the three clinical trials analyzed in this
job,16,29,34 so in the future it would be foreseeable to expect different results from
this type of scientific articles, hopefully with less publication bias.
We have to observe that the same authors’ intervention in the second
systematic review and meta analysis, consists of reviewing the best available
evidence and produce recommendations on how to best manage, or even prevent, the
dementia outbreak. Because of this fact, they include bilingualism on their approach.
What do they find? They only analyze the very systematic review and meta analysis
Mukadam, N., Sommerland, A. and Livingston, G.42 had published before, so it is not
strange to think about this first work as a little effort compared with their much more
extensive second paper which does not include any new difference with regard to the
paper published some months before.
On the other hand, Borsa, V. et al.16 conclude that regular (daily) bilingual
experience mitigates the typical effects of aging on cognitive control at both the
behavioural and the neural level, whereas one month before, a cohort study by
Mukadam, N., Jichi, F., Green, D. and Livingston, G.43, the Australian Longitudinal
Study of Ageing (ALSA), declares that bilingual and non‐ bilingual participants do
not differ in MMSE decline over time nor on baseline tests of executive function.
The ALSA researchers take for granted that bilingualism is complex, and
when it is not the result of greater educational attainment, it does not always protect
from cognitive decline, thus, neuroprotective effects of bilingualism over time may
be attributable to the precise patterns of language use but not to bilingualism per se.
This idea is ambiguous; a simile could be that the benefits of jogging can be
attributed to the physiological changes of the body but not to run per se.
This study has a relevant difference with Estanga et al.29, where there is one
official language for the whole country (Spanish) and a co-official language
(Euskera). In the GAP they have the following data about birthplace in The Basque
Country: monolinguals (71%), late bilinguals (90.5%), early bilinguals (97.5%). In
contrast, the ALSA demographic information about birthplace in Australia (study
site) shows the following details: non-bilinguals (74.8%), bilinguals (3.6). It attracts
our attention the fact that only 3% of bilinguals were born in Australia while in
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Estanga et al.29 there were above 90%. Therefore, bilingualism is considered to be
acquired due to change of country rather than because of cultural aspects or having
received a better education.
It is interesting to say again that bilingualism per se does not protect at all
because health is multifactorial and also bilingualism can be obtained from different
processes such as FLL, work (English teaching, tourism, professional translation and
interpretation), immigration or living in places where two languages can be spoken,
as is the case of Gipuzkoa (Basque Country, Spain).
In the ALSA study bilinguals have more frequently been born outside
Australia, are less educated, have fewer medical conditions but more frequently
suffer from diabetes, and less commonly have had a transient ischaemic attack. They
smoke more often, less commonly exercise, and have less social contact with their
immediate families.
The results of being less educated is based on the age they have left school,
whose results are: no schooling (non- bilingual 1.1 % vs bilingual 4.7%) and < 14
(non-bilingual 13.7% vs bilingual 26.4%). The authors attribute their findings to
educational attainment, but if bilinguals, apart from being less educated, have
suffered from diabetes more frequently, smoke more often, exercise less commonly
and have less social contact with their immediate families, how can the authors
exclude the influence and importance of all these factors and only assign the findings
to the only fact of being less educated?
One limitation of this work could be the difference between the samples of
non-bilingual and bilingual groups which are 1894 and 193 respectively. As regards
to the bilingual group, this sample may not represent the entire bilingual community
that lives among that population.
The ALSA authors say that in multilingual societies in which all population is
at least bilingual, they obtain extensive practice in speaking additional languages,
switching between different languages several times a day. Language use in such
circumstances may enhance executive functioning44 in a way that knowing another
language and using it in just one environment (eg.: home or work) may not. In such
circumstances, speakers may not know words for certain concepts in their other
language, and language switching will be rare. This is the case of the population in
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the study of Estanga et al.29, where also early and late bilinguals are more educated
than monolinguals.
At this point some questions may appear: What type of bilingual is the best
one (immigrant, professional translator and interpreter, the one who is because of
work, high education, FLL)? And how often we need to be bilingual to get the
maximum benefits? For the first question, a healthy bilingual regardless of their
nature, for the second one, at least as if it were a daily exercise routine.
Taking into consideration that many individuals with cognitive difficulties
never appear at a clinic and their characteristics are unknown, similarly, individuals
without cognitive difficulties seldom show up at a health centre. Those individuals
comprise the complement class. We only know the size and composition of the class
that has visited the treatment centre, a class that may or may not be representative of
the general population45.
While some authors keep going making studies focusing the attention on
older adults, in contrast, other researchers have brought a sensible approach based on
primary prevention initiatives, such as Crous, M., Minguillón, C., Gramunt, N. and
Molinuevo, J.7; or Antoniou, M., Gunasekera, G. and Wong, P.35.
It seems reasonable to think that cognitive training, education, FLL, to
prevent risk factors and keeping a healthy life style should be the best
recommendations and a model for the population. Spitzer, M.39 suggests increasing
education through bilingualism since FLL is an optimal solution for building CR.
In our opinion, but based on the scientific findings, a physiotherapy approach
should include, as a minimum, physical exercise (therapeutic), cognitive exercise
(FLL) and physiotherapeutic techniques. The FINGER study40 specifies that the
physical exercise training programme is guided and supervised by physiotherapists.
The intervention comprises individually tailored, progressive muscle strength
training and aerobic exercise programmes, including exercises to maintain and
improve postural balance.
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Following Trejo, J.46 while physical activity preserves neuronal structural
integrity and brain volume (hardware), cognitive activity strengthens the functioning
and plasticity of neural circuits (software), thus supporting cognitive reserve in
different ways. It is not so much the need of an intense exercise or of a permanent
enrichment for our mind, but the need to have optimal cerebral functions. In fact, the
negative thing is a physical sedentary life and a lack of active mental activity.
Moderate exercise and non-stressful environmental enrichment do lead to a healthier
mind since, among many other factors, they show a greater number of new neurons
the way to our hippocampus.
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6. CONCLUSIONS

In this bibliographic review we have found a great deal of studies related to
the effects of bilingualism on the treatment for dementia. Those articles published in
the last six years have been thoroughly analyzed and finally after reading them, 10
works have been selected based on the information they provided.
The results observed after our exhaustive bibliographic review may confirm
that bilingualism has positive effects on the treatment of dementia in the sense that it
could delay the onset of the condition in 4-5 years. However, bilingualism per se is
not a protective factor, since both lifestyle and risk factors influence on dementia’s
appearance. In fact, 35% of risk factors are thought to be potentially modifiable.
Bilingualism is said to contribute to build CR and protect against
neurodegeneration, thus, cognitive training should not be only based on logic puzzles
or board games, but also on FLL. Increased brain CR is believed to be the best way,
better than medications available today, to retard dementia. In any case, further
research is needed.
A physiotherapy approach could be of great help from a primary intervention,
through training programmes including physical exercise (therapeutic), cognitive
exercise (FLL) and other physiotherapeutic techniques, which should be guided and
supervised by physiotherapists.
Health and education, then, should be united as a conscious attempt to
prevent dementia since early ages, and therefore, achieve the ultimate aim of being
able to postpone its symptoms, accomplishing in that case not only that the number
of patients suffering from this condition could be reduced, but also that economic
costs could decrease.
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