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bstract

This study examined the effect of lifelong bilingualism on maintaining cognitive functioning and delaying the onset of symptoms of dementia in old
ge. The sample was selected from the records of 228 patients referred to a Memory Clinic with cognitive complaints. The final sample consisted of

84 patients diagnosed with dementia, 51% of whom were bilingual. The bilinguals showed symptoms of dementia 4 years later than monolinguals,
ll other measures being equivalent. Additionally, the rate of decline in Mini-Mental State Examination (MMSE) scores over the 4 years subsequent
o the diagnosis was the same for a subset of patients in the two groups, suggesting a shift in onset age with no change in rate of progression.

2006 Elsevier Ltd. All rights reserved.
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Factors that may delay onset of dementia are of great impor-
ance given the social and economic burden of this disorder.
ccording to Brookmeyer, Gray and Kawas (1998), a 2-year
elay in onset of Alzheimer’s disease (AD) would reduce the
revalence in the United States by 1.94 million after 50 years,
nd delays as short as 6 months could have substantial public
ealth implications. Many of the factors predisposing a person
o dementia are biological (Corder et al., 1993), so the search for

ethods to delay onset has focused largely on pharmacological
nd other biologically-based therapies. There is growing evi-
ence, however, that some environmental factors can maintain
ognitive functioning in older adults and mitigate the effects of
llnesses that produce dementia. Notably, research on “cognitive
eserve” has demonstrated that lifestyle factors, such as physical
ctivity, stimulating leisure involvement, and social engagement
lay a role in postponing the onset of AD and other demen-

ias (Alexander et al., 1997; Scarmeas, Levy, Tang, Manly, &
tern, 2001; Scarmeas & Stern, 2003; Singh-Manoux et al.,
003; Stern, 2002).

The literature on brain reserve is somewhat contentious, but
everal recent large-scale reviews have provided a context for
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onflicting results. The overall notion is that some factors allow
person to function within a normal cognitive range, despite

he presence of brain pathology that would usually be associ-
ted with dementia. For example, Mortimer (1997) found that
etween 10 and 40% of autopsy cases showing brain pathology
xceeding the criteria for AD had shown no signs of cognitive
mpairment before death. Similarly a population-based study
arried out by the UK Medical Research Council (quoted by
alenzuela & Sachdev, 2006a) found that more than 30% of

ndividuals with mild and severe AD pathology at autopsy had
hown no previous signs of cognitive impairment. Valenzuela
nd Sachdev (2006a) distinguish between, ‘neurological brain
eserve’ and ‘behavioral brain reserve.’ Proponents of neurologi-
al brain reserve argue that peak brain volume can ameliorate the
ffects of brain pathology on cognitive performance and signs of
ementia. This type of brain reserve is thus presumably biologi-
al and possibly genetic in origin. On the other hand, behavioral
rain reserve (also referred to as cognitive reserve, the term used
n the present report) suggests that sustained complex mental
ctivity protects against dementia in terms of both incidence

Valenzuela & Sachdev, 2006a) and the rate of cognitive decline
n elderly individuals (Valenzuela & Sachdev, 2006b).

In their review of behavioral brain reserve, Valenzuela and
achdev (2006a) found strong evidence for protection against

mailto:ellenb@yorku.ca
dx.doi.org/10.1016/j.neuropsychologia.2006.10.009
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ementia provided by education, high occupational status,
igh levels of premorbid intelligence, and mentally stimulat-
ng leisure activities. Importantly, most of the studies included
n the review found significant effects of the protective vari-
ble in question after co-varying out age and other brain-reserve
easures. One surprising conclusion of the review was that “it

s evident that mentally stimulating leisure activity is the most
obust brain-reserve measure, since all these studies showed a
ignificant protective effect even after controlling for age, educa-
ion, occupation and other potential confounds” (Valenzuela &
achdev, 2006a, p. 447). The authors found an overall decrease

n incident dementia of 46% after a median follow-up interval
f 7.1 years; these figures are based on a total of over 29,000
ndividuals from 22 studies. It is important to note the authors’
aution that higher levels of behavioral brain reserve may simply
elay the onset of dementia, rather than reduce incidence in an
bsolute manner. In a comparison piece, the same authors con-
ucted a review of studies of longitudinal cognitive change and
actors ameliorating cognitive decline in the elderly (Valenzuela

Sachdev, 2006b). This second review was based on a new
ample of 18 studies involving more that 47,000 individuals; the
ain finding was that higher levels of behavioral brain reserve
ere related to decreased rates of cognitive decline. The contrib-
tors to behavioral brain reserve were again higher levels of edu-
ation, occupation, and stimulating leisure and social activities.

review of longitudinal studies by Fratiglioni, Paillard-Borg,
nd Winblad (2004) also found strong evidence for the role of
ocial, mental, and physical activities in protecting against all
ypes of dementia. Similarly, Staff, Murray, Deary, and Whalley
2004) concluded that “more education and a more cognitively
omplex occupation predict higher cognitive ability in old age
han would be expected for a person’s childhood ability and
ccumulated brain burden” (p. 1196). From these reviews, it
eems clear that complex mental activity across the lifespan acts
o at least delay the incidence of dementia. Two sets of questions
ollow from this conclusion; first, what types of mental activity
ield this protective function and do they have features in com-
on? Second, what is the mechanism linking mental activity to

ts neuroprotective function?
The present report contributes to the first question by demon-

trating a further type of mental activity that may be associated
ith a delay in the appearance of the symptoms of dementia.
he activity in question is the constant use of two languages
ver many years. Bilingualism has been shown to enhance atten-
ion and cognitive control in both children (Bialystok, 2001)
nd older adults (Bialystok, Craik, Klein, & Viswanathan, 2004;
ialystok, Craik, & Ryan, 2006). In these studies, lifelong bilin-
uals who use both languages in their daily lives showed an
dvantage in a variety of tasks involving attentional control.
he suggested interpretation is that the use of two languages

equires a mechanism to control attention to the relevant lan-
uage and ignore or inhibit interference from the competing
anguage (Green, 1998). This experience provides continual

ractice in attentional control and results in its earlier devel-
pment in children, improved functioning in adults, and slower
ecline in older age. Therefore, bilingualism might contribute
o cognitive reserve and protect older adults from decline in
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he context of dementia. This hypothesis was examined in the
resent study.

Cognitive reserve is considered to provide a general pro-
ective function, possibly due to enhanced neural plasticity,
ompensatory use of alternative brain regions, or enriched brain
asculature (Fratiglioni et al., 2004). Since cognitive reserve
ccurs independently of any specific conditions, such as AD,
ur study sample included all cases of dementia regardless of
iagnosis.

. Method

We examined the records of consecutive 228 patients who were referred to
he Memory Clinic at Baycrest in Toronto, Canada, between 2002 and 2005 with
ognitive complaints. In addition to a medical history, physical examination, and
ental status evaluation, patients were usually assessed with CT, SPECT, and

creening blood tests. There were two exclusion criteria that reduced this sample
y 44 patients, leaving a final sample of 184. First, 23 patients (12 monolin-
uals and 11 bilinguals) received a diagnosis that did not include dementia (e.g.,
epression, mild cognitive impairment), so were not considered further. Second,
1 patients could not be clearly classified as monolingual or bilingual (see below)
nd were therefore excluded as well. Of the remaining 184 patients, 132 patients
et criteria for probable AD by consensus among a group of medically qualified
linic staff, including at least one neurologist, using NINCDS–ADRDA criteria

McKhann et al., 1984). A further 52 patients were diagnosed with other demen-
ias, including possible AD, dementia due to other neurodegenerative disorders,
nd cerebrovascular disease.

The age of onset of cognitive impairment was determined by the interview-
ng neurologist at the first clinic visit who asked patients and their families or
aregivers when symptoms were first noticed. Although this approach involves
subjective estimate by patients and their families, it was applied equally to

ll cases. We see no reason to expect that monolinguals and bilinguals or their
amilies should differ systematically in this judgment, and therefore no reason to
xpect systematic bias in the clinical information that was recorded. Moreover,
he histories were taken prior to any knowledge of the current study.

The files contained the following information about language history: lan-
uages spoken, English fluency, place of birth, date of birth, and year of immi-
ration to Canada. This information, without any other details, was given to 11
udges experienced in conducting behavioral research with bilinguals who classi-
ed each patient as monolingual or bilingual. The criterion for bilingualism was

hat patients had spent the majority of their lives, at least from early adulthood,
egularly using at least two languages. The judges did not reach a consensus for
1 patients, so these were eliminated from further analyses. Inter-rater reliabil-
ty was .95 (S.D. = 0.04) for designating an individual as monolingual and .81
S.D. = 0.08) for designating as bilingual. Immigration occurred predominantly
n the 1940s (n = 14), 1950s (n = 25), and 1960s (n = 17). The bilinguals included
peakers of 25 different first languages, of which the most common examples
ere Polish (n = 20), Yiddish (n = 13), German (n = 12), Romanian (n = 8), and
ungarian (n = 7). Many of these individuals were bilingual prior to arriving

n Canada. The data also included scores from Mini-Mental State Examination
MMSE) (Folstein, Folstein, & McHugh, 1975) at the initial appointment, years
f education, and occupation.

To summarize, the final sample consisted of 184 patients, of whom 91 were
onolingual and 93 were bilingual. There were 66 patients in each language

roup diagnosed with probable AD, comprising 73% of monolinguals and 71%
f the bilinguals. AD was sometimes accompanied by other conditions, such as
erebrovascular disease, depression, psychosis, meningioma, and sleep apnea.

. Results
The mean values for the relevant variables are reported in
able 1. The difference between monolinguals and bilinguals
f 4.1 years in age of onset of symptoms of dementia is sig-
ificant, F(1,178) = 9.16, p < 0.003, with no difference between
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Table 1
Mean value (and standard deviation) for descriptors for each language group

Language group N Age of onset Age at first appointment Years of education MMSE at first appointment Occupation status

Monolingual 91 71.4 (9.6) 75.4 (9.3) 12.4 (3.8) 21.3 (6.4) 3.3 (1.5)
Men 43 70.8 (9.5) 76.2 (9.1) 12.9 (4.8) 20.5 (6.8) 3.6 (1.5)
Women 48 71.9 (9.8) 74.7 (9.5) 11.9 (2.8) 22.0 (5.9) 3.0 (1.4)

Bilingual 93 75.5 (8.5) 78.6 (8.4) 10.8 (4.2) 20.1 (7.1) 3.0 (1.6)
Men 38 76.1 (5.9) 79.4 (6.3) 10.8 (4.8) 20.7 (7.5) 3.0 (1.7)
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Women 55 75.1 (9.9) 78.1 (9.6)

en and women, F < 1. The power of this effect with α = 0.05
s 0.87. In addition, bilinguals were 3.2 years older than mono-
inguals at the time of the initial clinic appointment, a differ-
nce that was also significant, F(1,180) = 5.93, p < 0.02, with no
ifference between men and women, F < 1. We also analyzed
hese data separately for diagnoses of AD and other demen-
ias. The delayed onset of symptoms for bilinguals was signif-
cant both in the subsample of 132 patients with probable AD,
(1,128) = 7.07, p < 0.009, with a delay of 4.3 years, and for

he other dementias, F(1,47) = 3.81, p < 0.04, with a delay of
.5 years.

The scores out of 30 on the MMSE, administered at the ini-
ial clinic visit, showed no difference between patients in the
wo language groups, F(1,161) = 1.29, n.s., and no difference
etween men and women, F < 1. We nonetheless carried out an
nalysis of covariance on the age of onset data, using gender as
he covariate. This analysis yielded adjusted scores for age of
nset of 71.4 years for monolinguals and 75.5 years for bilin-
uals; this difference was significant, F(1,179) = 9.13, p < 0.003.

Research on cognitive reserve has pointed to formal educa-
ion as a protective factor against the onset of dementia (Bennett
t al., 2003; Staff et al., 2004). A comparison of the years
f schooling for the participants in the two groups (Table 1)
ndicates that the bilinguals had significantly fewer years of edu-
ation, F(1,171) = 7.06, p < 0.009, with no difference by gender,
< 1. An analysis of covariance on age of onset data using years

f education as the covariate yielded adjusted age of onset scores
f 71.7 years for monolinguals and 75.2 years for bilinguals; this
ifference was significant, F(1,170) = 6.18, p < 0.02. The lower
alue for years of schooling for the bilingual group may reflect
ifferences in opportunity more than ability, given that many
ndividuals in that group came from Europe and their lives were
isrupted by World War II.

The bilinguals varied widely in their cultural experiences, but
e considered whether there might be a general bias in which
ilinguals avoided seeking medical attention longer than mono-
inguals. However, Table 1 shows that the interval between onset
f symptoms and the first clinic visit is actually shorter (3.0
ears) for the bilinguals than for the monolinguals (3.8 years), a
ifference that was almost significant, F(1,178) = 3.69, p = 0.06.
here was a main effect of gender, F(1,178) = 8.84, p < 0.003,
n which men postponed clinic visits longer than women, and
n interaction of language group and gender, F(1,178) = 5.35,
< 0.02, because monolingual males were particularly slow in

eeking medical attention.

M
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s

10.7 (3.7) 19.6 (6.8) 3.1 (1.4)

On a related point, most of the bilinguals (81/93) were immi-
rants to Canada, whereas most of the monolinguals (78/91)
ere not, and it is possible that immigrants delayed visiting

he clinic. We conducted a two-way ANOVA for language
roup and immigration status on the interval between onset
f symptoms and time of appointment and found no effect
f either language group, F(1,177) = 3.33, p = 0.07, or immi-
ration status, F(1,177) = 1.85, n.s. A further analysis exam-
ned the age of onset of symptoms of dementia for only
hose individuals in the two language groups who were immi-
rants (monolinguals = 13, bilinguals = 81). The age of onset
or monolinguals was 63.8 years and for bilinguals it was 75.3
ears, a difference that was highly significant, F(1,92) = 17.96,
< 0.0001.

Higher occupation status and more intellectually stimulating
ork is associated with retained cognitive function in old age

Staff et al., 2004) and reduced effects of dementia (Seidler et al.,
004). We classified the occupations of the patients using the sys-
em developed by Human Resources and Skills Development,
anada (2001). Occupations are classified on a five-point scale,
ith higher numbers associated with higher status. The scale

eflects the placement of occupations in terms of the two dimen-
ions of skill level and social class associated with each. Women
ho did not work outside the home and patients for whom no
ccupation was listed in the records were not included in this
nalysis. For this reason, 37 patients (13 monolingual and 24
ilingual) were excluded from the analysis of occupational sta-
us. The mean rankings for occupational status for the remaining
47 patients, reported in Table 1, did not differ between the lan-
uage groups, F < 1. An analysis of covariance on age of onset
ata using occupational status as the covariate yielded adjusted
ge of onset scores of 71.3 years for monolinguals and 74.2 years
or bilinguals. This difference was significant, F(1,142) = 3.93,
< 0.05, with bilinguals continuing to show a later age of onset
f symptoms.

Finally, there is evidence that patients with higher education
atch up with their less-educated peers by exhibiting faster rates
f cognitive decline in the 5 years after diagnosis (Scarmeas,
lbert, Manly & Stern, 2006). Therefore, we examined the
rogression of the dementia after the initial appointment for
he 25 monolinguals and 24 bilinguals who received further
MSE tests over the next 4 years. Fig. 1 indicates no group
ifference in rate of decline. A regression analysis showed that
he year of testing subsequent to diagnosis predicted MMSE
core, t(1) = −3.74, p < 0.003, and that the rate of decline for
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ig. 1. Slope of decline in MMSE scores for subset of 25 monolinguals and 24
ilinguals across 4 years, indicating equivalent rates of decline for both groups.

he two language groups was equivalent in that there was
o interaction between language group and slope, t(1) = 1.10,
= 0.28.

. Discussion

The bilingual patients in our sample exhibited a delay of 4.1
ears in the onset of symptoms of dementia in comparison to
onolinguals. The implications of such a delay are substan-

ial. From the meta-analysis based on 16 European and North
merican studies presented by Hy and Keller (2000), we calcu-

ated that a delay of 4 years at the age of our patients translates
nto a reduction of prevalence of 47%. Interestingly, in their
eview, Valenzuela and Sachdev (2006a) report a very similar
gure for the reduction in incidence of dementia associated with
timulating mental activities (46%). There are currently no phar-
acological interventions that have shown comparable effects.
The interpretation that bilingualism delays the onset of

ementia depends on evidence that the monolingual and bilin-
ual groups do not differ apart from their language abilities.
he primary data relevant to this point is that the MMSE scores
ere equivalent for the patients in the two groups at the ini-

ial visit to the Memory Clinic, indicating comparable levels
f impairment. In addition, we considered cultural differences,
mmigration, formal education, and employment status. None
f these could account for the results. Analyses of covariance
n the age of onset data were conducted, using gender, years
f education, and employment status as the covariate, with the
esult that age of onset remained significantly different between
he language groups in all cases. Nonetheless, we acknowledge
hat the present data were gathered retrospectively from clinical
ecords, and that there is necessarily some degree of subjectivity
nvolved in the estimate of age of onset of dementia. There is
lso some degree of subjectivity on the part of patients and their

amilies in terms of deciding when it is necessary to seek help
or the condition, potentially delaying the first visit and increas-
ng the age at which the diagnosis is made. Although we see no
eason for a systematic bias between the groups in this respect,
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he present report should be treated as suggestive rather than as
efinitive.

The protective effect of bilingualism found in the present
tudy cannot be generalized to individuals who have some
nowledge of another language but are not fully bilingual. All
he patients classified as bilingual in the present study were fluent
n English as well as another language and have used both lan-
uages regularly for most of their lives. A study by LoGiudice,
assett, Cook, Flicker, and Ames (2001) showed that patients

iving in Australia who spoke another language and had poor
nglish skills arrived at a memory clinic at a later stage in the
isease than did the native English-speaking patients. In con-
rast, the patients in the present study had fluent English skills
nd arrived at the memory clinic at the same level of cognitive
mpairment as the English-speaking monolinguals.

Dementia can be affected by a variety of factors, includ-
ng genetic, neurobiological, environmental, intellectual, and
ifestyle. The finding that bilingualism delays the onset of
ementia by 4 years in our sample falls into the last category.
hese results demonstrate how a psychological factor can affect
biologically-based disease state. Given the findings on behav-

oral brain reserve reviewed by Valenzuela and Sachdev (2006a,
006b) the present findings are not entirely surprising. Some
aution, however, is needed in interpreting the results. First,
he finding is correlational and not the result of an experimen-
al design with random assignment to groups. Such a design is
mpossible in research of this type; people are monolingual or
ilingual for reasons that have nothing to do with our exper-
mental inquiry. However, unlike the correlation between AD
nd reduced activity levels in midlife (Friedland et al., 2001)
here causality could operate in either direction, it is quite
nlikely that the early effects of AD predispose a person to be
onolingual, especially since most of these patients became

ilingual at an early age. Second, the measure of “age of onset”
s somewhat subjective, relying on the report of the patient, fam-
ly members, and caregivers. However, the measure and means
f obtaining the data were equivalent for all the cases so we
ee no reason to expect systematic bias. Having considered and
ejected some obvious confounding factors, the data are strongly
n line with our hypothesis that bilingualism delays the onset of
ymptoms of dementia. Third, the evidence on post-diagnosis
ecline (Fig. 1) is fragmentary, but the evidence suggests that
he time between initial appearance of symptoms and the first
linical appointment is the same for the two groups, as is the
ubsequent rate of cognitive decline. This pattern suggests that
ilingualism simply shifts the function relating level of impair-
ent to passage of time by 4.1 years, a pattern also reported

y Salthouse (2006) for the beneficial effects of stimulating
ctivities on normal age-related cognitive decline. In contrast
o this result, the second review by Valenzuela and Sachdev
2006b) reports results in favor of the notion that behavioral
rain reserve slows the rate of cognitive decline in older people.
owever, another recent report (Scarmeas et al., 2006) found that

hereas higher levels of education delay the onset of dementia,

he rate of decline is actually faster post-diagnosis in the highly
ducated group. Further elucidation of this point is obviously
eeded.
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The present results identifying an experience that may help
o maintain cognitive functioning in older age are impor-
ant because of their implications for research showing that
uch cognition-enhancing experiences affect both structural vol-
me and functional organization of the central nervous system
Draganski et al., 2004; Karni et al., 1995; Maguire et al., 2000;
teven & Blakemore, 2004). However, unlike most of the stud-

es in which plasticity traced to such experiences is specific
o particular skills, the present findings suggest that extensive
xperience of one kind can have widespread effects on general
ognitive functioning. The speculative conclusion (following
ratiglioni et al., 2004; Scarmeas & Stern, 2003; Staff et al.,
004; Valenzuela & Sachdev, 2006a, 2006b) is that bilingualism
oes not affect the accumulation of pathological factors associ-
ted with dementia, but rather enables the brain to better tolerate
he accumulated pathologies. The mechanisms underlying such
rotective effects are not yet clear, and the present results yield
o direct evidence on such mechanisms, but plausible candidates
isted by Valenzuela and Sachdev (2006a) include increases in
esting phosphocreatine levels, increased generation of neurons,
ynapses and arborized dendrites, and functional reorganization
f brain networks. In general, it is increasingly clear that biologi-
al factors interact with environmental experiences to determine
ognitive outcomes; the present findings suggest that bilingual-
sm is one experiential factor that can provide a positive benefit
n this respect.
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