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a  b  s  t  r  a  c  t

With  the  population  aging  and a dramatic  increase  in  the  number  of  senior  citizens,  public  health  sys-
tems  will  be  increasingly  burdened  with  the  need  to deal  with  the  care  and  treatment  of individuals
with  dementia.  We  review  evidence  demonstrating  how  a  particular  experience,  bilingualism,  has  been
shown to  protect  cognitive  function  in  older  age and  delay  onset  of  symptoms  of  dementia.  This paper
describes  behavioral  and  brain  studies  that  have  compared  monolingual  and  bilingual  older  adults  on
measures  of cognitive  function  or brain  structure  and  reviews  evidence  demonstrating  a  protective  effect
eywords:
lzheimer’s disease
ementia
ilingualism
ognitive aging
ognitive reserve

of bilingualism  against  symptoms  of dementia.  We  conclude  by  presenting  some  data  showing  the  poten-
tial savings  in  both  human  costs  in terms  of demented  patients  and  economic  considerations  in  terms  of
public  money  if  symptoms  of  dementia  could  be postponed.

©  2016  Elsevier  B.V.  All  rights  reserved.
europlasticity

ontents

Acknowledgments  . . .  . .  .  . .  .  .  . . .  .  . . .  .  . .  . . . .  . . .  . . . .  .  . .  .  .  . .  .  .  .  .  .  . . .  . . .  .  .  . . .  . .  .  .  . .  . . .  .  . . .  . . .  . . .  . . . . . . .  . .  . . .  . . . . . . . .  . .  .  . . .  .  . .  .  .  . .  .  .  .  .  . .  .  .  .  . . . . . . . .  . . . .  .  .  .  . .  . .  59
References  .  . . . .  . .  .  . . . .  . . . .  .  . . .  . . . .  . . .  .  . . .  . . . . . .  .  . . .  .  .  . .  .  .  . .  .  . . .  .  . .  .  . . .  . . . .  . . . . . . .  . . . . . . . .  . . . . . .  . . . . .  . .  .  .  .  . .  . . .  . . . . . . .  .  . . .  .  . .  . . .  . . . . . .  .  . . .  .  .  .  . . .  .  .  . . . . .  . . 59

The decline of cognitive function with adult aging and the risk
f experiencing clinical impairment in the form of mild cognitive

mpairment (MCI) or Alzheimer’s disease (AD) make understanding
he process of cognitive decline and the search for remediation an
rgent priority. The high prevalence of dementia (Graham et al.,
997; Plassman et al., 2007) in conjunction with the explosive
rowth in the number of senior citizens present enormous chal-
enges to national economies and the management of health care.

been dominated by biological models with insufficient regard for
environmental and experiential factors. A more balanced view is
needed for progress on these crucial issues.

There have been advances in understanding the biological basis
of AD (Weiner et al., 2012) and developing pharmacological ther-
apies (Zhu et al., 2013), but the effectiveness of these approaches
remains limited. Massoud and Gauthier (2010) claim that the ben-
efits of existing drugs for symptomatic treatments in dementia
ny progress in rethinking the causes of cognitive decline and the
reation of novel approaches to intervention would make a sig-
ificant contribution to public health. This research, however, has
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are modest, and some argue that the magnitude of this benefit,
although statistically significant, is marginal at best and difficult to
detect, measure, and quantify clinically (Hildreth and Church, 2015;
Kaduszkiewicz et al., 2005; Raina et al., 2008). Yet, enabling peo-
ple to function independently for longer has immediate social and
economic benefit by adding quality of life to the patient and time

during which health care resources are not required. Importantly,
some environmental factors have been shown to maintain cogni-
tive functioning with aging and postpone the onset of symptoms
of dementia. These factors contribute to a concept called ‘cognitive
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eserve’ (Stern, 2002), and include education, occupational status,
ocio-economic class, and involvement in physical, intellectual and
ocial activities (Stern et al., 1994; Bennett et al., 2003, 2006).

Research has shown that bilingualism is also a potent source
f cognitive reserve, and a growing body of work has documented
rotective effects of bilingualism across the lifespan. The general
nding is that bilinguals outperform monolinguals on tasks that
equire executive control or selective attention (review in Bialystok
t al., 2009). More dramatically, bilingual individuals display symp-
oms of dementia significantly later than comparable monolinguals
e.g., Alladi et al., 2013; Bialystok et al., 2007; Woumans et al.,
015) and show significantly better cognitive recovery following
troke than monolinguals (Alladi et al., 2016). Thus, bilingualism
s an experiential factor that has a substantial impact on cognitive
ging.

Not all studies investigating the effect of bilingualism report
hese beneficial results. Paap and Greenberg (2013), for exam-
le, found no difference between monolingual and bilingual young
dults performing simple executive function tasks and argued
hat such differences did not exist.1 However, an earlier study
y Bialystok et al. (2005) also showed no difference between
onolingual and bilingual young adults but significantly better

erformance by bilinguals for groups of children, middle-aged, and
lder adults performing the same task, suggesting that because of
eiling effects, some tasks are not sufficiently sensitive to detect
ifferences in young adults. But such variability is normal: Kramer
nd Erickson (2007) pointed to studies that failed to support the
ell-established benefit of exercise on cognitive function. Dissent-

ng results are part of the evidence and need to be reconciled with
ositive findings, not used to overrule them (see Bak, 2016 for dis-
ussion).

To understand how bilingualism might protect against symp-
oms of dementia, consider cognitive changes in healthy aging.
ging is accompanied by stability in some cognitive functions and
ecline in others, with the age of onset of decline varying for
ifferent abilities. In language comprehension, for example, seman-
ic processing of single words and discourse shows stability with
ging when measured on-line but decline with aging when atten-
ional control requirements are increased through use of off-line

easures that require memory (for review, see Burke and Shafto,
008). For memory, aging effects are minimal in simple verbal span
asks (e.g., digit span) but more pronounced for complex working

emory tasks that require retention of information while other
nformation is processed and interpreted (e.g., backward span;
opp and Verhaeghen, 2005). Importantly, the typical account of
his pattern of spared and impaired cognition is that it reflects
he degree to which tasks require executive control; age-related
eclines are more evident for tasks requiring updating, switch-

ng and inhibiting attention (Braver and West, 2008; Engle, 2002;
asher et al., 2007). These are precisely the processes for which
ilinguals have been shown to excel. Moreover, poorer perfor-
ance on such functions predicts progression to dementia (e.g.,

lark et al., 2012).
Why  does bilingualism affect executive control processes? The

ypothesis is that unlike monolinguals, bilinguals are continu-

lly required to select the language they intend to use. Because
oth languages appear to be continually active even in strongly
onolingual contexts, the process of selecting the intended

1 An observation in recent studies is that even when a global difference between
ilinguals and monolinguals is not found for young adults, there may nonetheless
e  systematic differences in the way that bilinguals exploit cognitive resources to
erform particular tasks (e.g., Morales et al., 2013). These are not simple effects but

nteractions that reflect a complex engagement of cognitive mechanisms and the
eural networks that support them.
h Reviews 27 (2016) 56–60 57

language recruits mechanisms that enable selection processes
more generally (Kroll et al., 2014, 2015, for reviews). These selection
mechanisms are part of the executive control system, so language
selection may  thus have generalized benefits for cognition. Older
bilinguals, with many years of experience managing the two lan-
guages, therefore, might be expected to be skilled across different
aspects of executive control, all of which are considered to be vul-
nerable with aging. Greater benefits are expected to accrue with
more years of active bilingual experience.

The first study to report these consequences in healthy older
bilinguals (Bialystok et al., 2004) used the Simon task to show that
decline in executive control over the lifespan was modulated, with
less decline for older bilinguals than for age-matched monolinguals.
There were three experiments reported in this paper and in all cases
the bilinguals had used both languages regularly since the age of
6 years, although the languages were different in each case. As in
cognitive aging in general, the evidence for older bilinguals varies
with several factors, but overall, there is strong support for a benefit
for older bilinguals relative to their monolingual counterparts in
both behavioral performance and brain function (Bialystok et al.,
2009, 2012).

To illustrate, a study by Gold et al. (2013) used a non-linguistic
switching task to determine whether younger and older healthy
bilingual adults differed from age-matched monolinguals. They
found better behavioral performance for the bilinguals in the older
age group but no language group effects in the younger adults. Sim-
ilarly, the researchers found little difference between young adult
monolinguals and bilinguals in patterns of brain activation but sig-
nificant evidence for more efficient brain function for bilinguals in
the older adult group. The interpretation is that older bilinguals use
relevant brain mechanisms more efficiently than monolinguals, but
absence of such differences in younger adults may reflect ceiling
performance on the simple task.

As in all cross-sectional research, there is a question about
whether it is bilingualism that influences cognitive performance
or whether individuals endowed with better cognitive abilities are
more likely to learn foreign languages. A study by Vega-Mendoza
and colleagues tested language students and literature students at
the beginning of their university careers on executive control per-
formance and found no differences between the groups. However,
after 4 years of intensive study, language students outperformed lit-
erature students on a test of attentional switching—exactly the type
of task in which we  would expect an effect of bilingual language
use (Vega-Mendoza et al., 2015). Similarly, Sullivan et al. (2014)
measured performance on a no-go task conducted while electroen-
cephalography was recorded at the beginning of the academic year
for monolingual university students who  then spent the year study-
ing either Spanish or Psychology with no foreign language classes.
Results at the end of the academic year showed similar behavioral
performance for the two groups but more advanced electrophysi-
ology for the Spanish students in terms of the N2/P3 waveform.

More compelling evidence for a causal role of bilingualism in
improving cognitive performance comes from a study of the Loth-
ian Birth Cohort (Bak et al., 2014). In 1947, all Scottish children
born in 1936 (and therefore aged 11 years) underwent compre-
hensive intelligence testing. Around 60 years later, almost 1000
of those children from the Lothian area near Edinburgh could be
traced and then re-assessed. The important finding was that indi-
viduals who learned a second language after the age of 11 achieved
better cognitive results than would be predicted from their child-
hood performance, suggesting that language learning and use can
mitigate the effects of cognitive aging, independent of childhood

intelligence. The effects were largest for those whose intelligence
scores were initially low. These results provide persuasive evidence
for the direction of influence to be from bilingualism to cognition
and not the reverse.
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the protective effects that bilingualism provides, governments and
health systems should activate social programs and interventions

2 Individuals are typically considered bilingual if they use two or more languages
actively. Bilinguals differ with respect to their level of proficiency in the two  lan-
8 E. Bialystok et al. / Ageing R

Similar patterns can be found by studying brain structure and
unction. Since bilingualism naturally increases the cognitive load
n executive processing (Abutalebi and Green, 2007), it is plausible
o expect to observe neural plasticity, specifically in areas related to
xecutive control. Such neuroplastic changes are best expressed as
daptive effects in the neural regions and circuits that mediate the
pecific demands of bilingual language processing and thus should
e absent in the monolingual brain (Green and Abutalebi, 2013). It is
lso plausible to expect neuroanatomical changes in brain regions
ssociated with language learning (Li et al., 2014). The rationale
or these suppositions is that bilingualism per se stimulates certain
rain areas, resulting in neural reserve that may  eventually protect
he aging brain against atrophy.

These predictions have largely been supported. Correlations
etween increases in L2 proficiency and enhanced brain struc-
ure have been found for the left prefrontal cortex (Stein et al.,
012), inferior parietal lobule (Mechelli et al., 2004) and temporal
oles (Abutalebi et al., 2014), all regions concerned with executive
ontrol. Similarly, increased grey matter density of the anterior cin-
ulate cortex, a neural structure involved in monitoring actions and
etecting errors, correlated with better conflict monitoring in bilin-
uals but not in their monolingual counterparts (Abutalebi et al.,
012). Increased grey matter densities in bilinguals compared to
onolinguals have been reported in regions of the basal ganglia

Zou et al., 2012) and left putamen (Abutalebi et al., 2013). These
tudies clearly support the view that neuroplastic changes take
lace in the bilingual brain primarily in areas related to executive
ontrol and language learning. Such findings may  constitute the
eural basis of the cognitive advantages in executive control found

or bilinguals in behavioral studies (Li et al., 2015; for review).
Two possible mechanisms for this protection have been

roposed—neural reserve and neural compensation (Perani and
butalebi, 2015). Following the notion of neural reserve, lifelong
ractice with executive functions entails structural changes in
he brain, namely, increased grey and white matter densities in
rain regions associated with executive control that eventually ren-
er the bilingual brain more resistant to brain atrophy or disease
athology. In contrast, neural compensation acts as a mechanism
o clinically overcome loss of brain structure such as brain atro-
hy in aging or neurodegeneration in diseases by recruiting more

ntact regions to compensate for more vulnerable regions. Evidence
n support of the role of neural compensation was provided by
chweizer et al. (2012) who studied monolingual and bilingual indi-
iduals with AD, matched on age, occupational status, cognitive
erformance and education. Bilinguals had used two languages reg-
larly since childhood, with a variety of languages being included

n the group. The results showed significantly greater medial tem-
oral lobe atrophy in bilinguals using linear measurements derived

rom CT scans. In other words, despite having greater medial tem-
oral lobe atrophy, the bilingual individuals with AD performed in
he same manner on neuropsychological testing as their monolin-
uals peers with less brain atrophy, hence, compensating for the
reater atrophy.

The most consistent results showing protective effects of bilin-
ualism come from retrospective studies in which monolingual
nd bilingual patients who have been diagnosed with dementia are
ompared for age of symptom onset. These studies have reported a
–5 year delay for bilinguals from different populations, such as
anada (Bialystok et al., 2007), India (Alladi et al., 2013), U.S.A.
Gollan et al., 2011), and Belgium (Woumans et al., 2015). The stud-
ed cohorts included migrants as well as non-migrants, educated as

ell as illiterate people, high as well as low socio-economic back-

round, and early as well as late bilinguals. In addition to these
actors, the patterns of language use varied across these studies,
rom predominantly monolingual societies in Toronto and Ghent
o a highly multilingual population of Hyderabad, characterized by
h Reviews 27 (2016) 56–60

frequent language switching and mixing (see Freedman et al., 2014
for discussion).

In this research, greater benefit was  found for less educated
groups than well-educated ones (Alladi et al., 2013; Chertkow
et al., 2010; Gollan et al., 2011). In the Indian cohort, the effects of
education disappeared when performance was controlled for bilin-
gualism, but the effects of bilingualism remained significant after
controlling for education (Bak and Alladi, 2016; Iyer et al., 2014).
This increased benefit for those with less education is similar to the
results reported in the cognitive measures examined in the Lothian
Birth Cohort study (Bak et al., 2014).

Another approach to this question is the use of incidence studies
that examine the onset of dementia in cohorts over time. Wilson
et al. (2015) followed a cohort of approximately 1000 individu-
als over about 6 years. During this time, about 40% of participants
developed MCI, but the risk was significantly lower in bilingual
participants. Similarly, Perquin et al. (2013) examined 232 healthy
older adults in Luxembourg and found that 19% of them met  crite-
ria for MCI. None of the individuals in the Luxembourg sample was
monolingual, but the protection against MCI  significantly increased
with the number of languages spoken.

In contrast to these results, an incidence study from New York
failed to find a significant protective effect of bilingualism (Zahodne
et al., 2014). Nonetheless, the incidence of MCI  was lower in bilin-
guals than monolinguals, bilinguals were older at the time of
diagnosis, and bilinguals outperformed monolinguals on the execu-
tive control tasks. It is possible that bilingualism was not significant
because of design issues, such as including age in the same model
as bilingualism; all else being equal, older individuals are more
likely to become demented than younger individuals and this dif-
ference was  not controlled. An earlier study by the same group
also reported no protection from education, a well-known source
of cognitive reserve (Zahodne et al., 2011), possibly because of sim-
ilar design details. Moreover, bilingualism was defined differently
in the Zahodne et al. (2014) study than in most research: the mono-
linguals were Spanish-speakers who had lived in New York City for
about 50 years, blurring the distinction between monolinguals and
bilinguals in this community. Definitions of bilingual are central to
this research but are rarely discussed.2 Overall, the studies present
strong support for the role of bilingualism in protecting cognitive
function with aging.

As the population ages, the most pressing issue for public health
is the availability of resources to maintain adequate care for seniors,
but the nature of these services depends on the context. In Hong
Kong, for example, natives generally have Cantonese as their first
language and may  acquire English in school. English is then widely
used during schooling and in their professional lives, leading to
somewhat equivalent use of Cantonese and English. However, once
these individuals retire they use English less than Cantonese. Abu-
talebi and colleagues (Abutalebi et al., 2015, 2014) reported that
in this aging population, only those who  maintained high usage
of a second language showed neuroprotective effects in terms
of increased grey matter in certain brain areas that may  even-
tually protect against cognitive decline. If we  are to profit from
guages, the degree to which one language is more dominant, was  acquired early or
late in life, whether the two  languages are used in the same or different contexts,
and  whether one of the languages is a minority language. Each of these factors may
potentially impact the consequences of bilingualism (see Luk and Bialystok, 2013
for a discussion).



esearc

t
c

U
m
h
2
l
e
r
i
n

t
i
o
t
e
o
n
m
t
a
e

e
t
I
o
i
t
a
s
d
i
a
a
G
i
w
p

A

o
U
t

f
G
a
G
P
o

R

A

A

A

E. Bialystok et al. / Ageing R

o support the maintenance of the second language among senior
itizens.

There are also financial costs associated with these issues. In the
nited States, data from about 10 years ago reported that seniors
ade up about 13% of the population but consumed 36% of personal

ealth care expenses (Agency for Healthcare Research and Quality,
006). In Canada, a similar report stated that seniors accounted for

ess than 15% of the population but consumed 45% of health care
xpenditures (Canadian Institute for Health Information, 2014). A
eport from the National Institutes for Health (2013) claimed that
n 2010 alone, the cost of treating dementia in the U.S., including
ursing homes, medication, and physician care, was $215 billion.

These figures underline the urgency of the problem. Ultimately,
he best solution is to find effective biological or pharmaceutical
nterventions that can directly address the disease with the goal
f curing, and more optimistically, preventing it. But such a solu-
ion seems a long way off. What is immediately available is a set of
nvironmental solutions to reduce the risk or mitigate the effects
f the disease. Thus, the lifestyle factors that contribute to cog-
itive reserve become part of the arsenal against dementia, with
ore powerful impact than any known drug. Societies have a role

o play in supporting and maintaining bilingualism in older adults
nd in nurturing bilingualism in children and young adults through
ducation.

In a recent article in the New York Times,  Newt Gingrich (2015)
xpressed concern for the problem of rising numbers of demen-
ia patients in our aging population and argued that the National
nstitutes of Health should double its budget devoted to research
n dementia in an attempt to hasten a solution. He wrote, “Delay-

ng the average onset of the disease by just five years would reduce
he number of Americans with Alzheimer’s in 2050 by 42 percent,
nd cut costs by a third.” These dramatic claims are consistent with
cientific evidence: Brookmeyer et al. (2007) used epidemiological
ata from 2006 to predict the prevalence of Alzheimer’s disease

n 2050. Their model projected public health savings that would
ccrue from only a one year delay in symptom onset and showed

 staggering 9.2 million fewer cases of the disease. In this context,
ingrich’s projection for public savings based on a five-year delay

s completely reasonable, and a five-year delay is almost exactly
hat has been found for bilingualism. A solution may  be hiding in

lain view.
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