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Abstract: A recent paper by Bialystok et al in Neuropsychologia
(vol. 45, pgs. 459 to 464) suggested that early bilingualism
produced a statistically significant 4.1-year delay in onset of
memory loss symptoms in older individuals with Alzheimer disease,
possibly reflecting an increase in the cognitive reserve of these
individuals. That study focused on multilingual elderly patients of
whom 90% were immigrants. Our memory clinic, in Montreal
Canada, has the advantage of having a large set of individuals who
are either multilingual immigrants to Canada, or who are
nonimmigrants but raised in both official languages of Canada—
French and English. We thus attempted to replicate the above
findings using a larger cohort in a different setting. We examined
age at diagnosis of Alzheimer disease and age at symptom onset for
all unilingual versus multilingual participants, and then for those
who were nonimmigrant English/French bilinguals. Overall, we
found a small but significant protective effect of more than 2
languages spoken, but we found no significant benefit in bilinguals
overall in relation to age at diagnosis or age at symptom onset.
However, in the immigrant group, the results mirrored those of
Bialystok et al with 2 or more languages delaying the diagnosis
of Alzheimer disease by almost 5 years. A trend toward the same
effect was also seen in nonimmigrants whose first language was
French. In contrast, in nonimmigrants whose first language was
English, no such effect was found. These results are discussed in
relation to the earlier findings and the theory of cognitive reserve.
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Several recent studies have presented evidence regarding
‘‘cognitive reserve’’ protective factors in Alzheimer

disease (AD) and there is growing evidence that a number
of environmental and life factors enhance cognitive reserve,
and possibly protect against dementia and AD.1,2 Daily
mental activities were associated with a significant relative
risk reduction in the Kungsholmen Study.3 In the
Washington Heights District of New York, a longitudinal
study found an inverse association between leisure activities
and the incidence of dementia.4 Higher levels of education
have been associated with reduced risk of AD, and this
relationship has been confirmed across centers.5 Thus, the
suggestion has been made that a sustained high level of
complex mental activity protects against dementia.6,7 These
authors suggest that the effects of such activity might be
to build reserve and therefore delay (but not necessarily
prevent) the onset of dementia owing to AD. The
mechanisms of cognitive reserve are the subject of recent
investigations, and possible mechanisms include physiolo-
gic alterations such as enriched cerebral vascular supply
and increased neuronal connections, along with better use
of additional brain regions for compensation.8

A recent study 9 explored the possibility that bilin-
gualism builds cognitive reserve and that this is reflected in
a delay in onset of dementia. Bialystok et al earlier showed
that lifelong bilingualism conferred cognitive advantages in
terms of better attention and cognitive control in children
and adults.10–12 This led to the hypothesis that ‘‘bilingual-
ism might contribute to cognitive reserve and protect older
adults from decline in the context of dementia.’’9 Bialystok
et al sought to confirm this hypothesis by examining data
on age of onset of memory complaints and bilingualism in a
cohort of 184 individuals in Toronto, Canada. Participants
included 132 individuals with a diagnosis of probable AD,
and 52 individuals with possible AD, mixed, cerebrovas-
cular, or other dementia. Ninety-one of the 184 were judged
to be unilingual (90% being born in Canada), and 93 were
bilingual. More than 90% of the bilingual participants were
immigrants who had arrived in Canada in the 1940s to
1960s. Families were asked to judge the age of onset of the
patient’s memory problems. The average age of reported
memory impairment onset (based on this method of
assessment) was 71.4 years in the unilingual group, and
75.5 years in the bilingual cohort, a statistically reliable diff-
erence. The authors concluded that bilingualism had con-
ferred a protective effect by delaying the onset of memory
loss by about 4.1 years on average and argued that no other
cultural factors could account for the group differences.

Bialystok is not entirely alone in her conclusions. A
recent poster by Montoya et al13 reached a similar conclu-
sion in a group of 37 Spanish/English bilinguals. Kavé et al14Copyright r 2010 by Lippincott Williams & Wilkins
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found evidence of better cognitive function in the non-
demented elderly in Israelis as a function of the number of
languages spoken (2, 3, or more), irrespective of education
level.

We consider these results to be potentially important,
and that they require replication. One concern is that there
may have been several confounding factors that were not
taken into account in the analysis. First, there was a
mixture of diagnoses of dementia, making it difficult to
know if the effect of bilingualism is specific to AD. Second,
we are concerned about the reliance on an estimated mea-
sure of age of memory impairment onset, a notoriously
unreliable measure for families to provide, which can intro-
duce information bias.15 Third, we are most concerned that
the 2 ‘‘language’’ cohorts are quite different, with 1 being
elderly immigrants and the comparison group being unilin-
gual individuals most of whom spent much of their lives
in Toronto. The life experiences of the immigrants (who
were for the most part children and teenagers who lived
in Europe during World War II) likely differ from the
Canadians in unmeasured ways in terms of diet, stress, and
life history, all of which are possible risk factors related to the
timing onset of dementia. Although common sense suggests
that the nonimmigrant cohort should have the advantages,
this might not necessarily be the case. For example, there are
animal studies in which nutritional deprivation produced a
delay in brain aging and decreased brain oxidative stress16,17

and there are human studies showing caloric restriction
improves memory in the elderly.18

For these reasons, we have taken advantage of the
bilingual nature of Montreal to attempt to replicate the
findings of Bialystok et al. In Montreal, among seniors,
many individuals were born locally and spoke only English
or French during their youth and even into their adult life.
Other individuals, also born in Montreal, grew up speaking
both English and French. Finally, there are also immigrants
who acquired a different birth language abroad. In our
view, these are natural comparison groups as it is reason-
able to assume that those born in Montreal had very similar
life and cultural experiences, allowing for a more controlled
comparison between bilinguals and monolinguals.

METHODS
The database of the Memory Clinic of the Jewish

General Hospital in Montreal, Canada, a tertiary care
referral clinic, contains information on 1842 individuals
referred between 1997 and 2006. For the purposes of this
research, we restricted our sample to those 632 individuals
with memory complaints who were subsequently diagnosed
with probable Alzheimer dementia (AD). AD was diag-
nosed by a neurologist or geriatrician in consultation with
other Memory Clinic physicians, nurses and neuropsycho-
logists using National Institute of Neurological and Com-
municative Disorders and Stroke- the Alzheimer’s Disease
and Related Disorders Associationcriteria.19 The diagnosis
of dementia was, for most patients, made at the time of the
first visit to the Memory Clinic. The initial diagnosis was
Mild Cognitive Impairment (MCI) for 130 participants,
and annual follow-up visits were carried out. For these 130
individuals, the date of onset of dementia was defined as
the clinic visit at which the diagnosis was changed from
MCI to AD. In a subset of all of the dementia cases, follow-
up occurred a year after the diagnosis was given. Folstein
mini-mental state examination (MMSE)20 scores were

available for both the initial diagnostic visit and the annual
follow-up visit.

In this study , we have information on age at the time
of their initial diagnosis for all patients. Age of symptom
onset information was formally assessed in a subset of 143
patients, consisting of family interviews in which an esti-
mate of the year and month of onset of memory complaints
was determined by asking the question ‘‘Can you give the
month and year when you first noticed memory problems
(in the patient).’’

Language history was obtained from patient and
caregiver interviews. We defined 3 levels of language ability:
unilingual, bilingual, and multilingual. The definitions of
these levels changed slightly depending on the analysis being
done. Unilingual participants spoke only 1 language. For our
comparisons of those speaking 1 versus multiple languages,
multilingual participants were defined as speaking 2 or more
languages. For analyses of the effects of increasing numbers
of languages spoken, bilingualism was defined as speaking 2
languages, whereas multilingualism in that case was defined
as speaking 3 or more languages. For our analysis of bilingua-
lism in our nonimmigrant population, we considered only
those who spoke both French and English (but not other
languages) since youth as the ‘‘bilingual’’ cohort for that
analysis, and our unilingual cohort was made up similarly of
English and French speakers only. Bilingualism/multilingu-
alism was defined according to the criterion set out by
Bialystok et al for bilingualism (‘‘The criterion for bilingua-
lism was that patients had spent the majority of their lives,
at least from early adulthood, regularly using at least two
languages’’ p. 4609). We did not control specifically for the
age at which the second language was learned.

We did not have direct information on immigrant/
native status for our patients and therefore made a rough
approximation based on the assumption that all patients
whose first language was English or French (Canada’s
official languages) or one of Canada’s aboriginal languages
(eg, Mohawk—only 1 patient met this criterion) were born
and/or primary/secondary school-educated in Canada
(henceforth native), whereas all unilingual speakers of
languages other than English or French and all multilingual
speakers whose first language was neither English or
French were born and/or primary/secondary school-edu-
cated outside of Canada (henceforth immigrants). In our
sample, there were 253 ‘‘multilinguals’’ [135 (53%) of whom
were defined as immigrants] and 379 unilinguals [23 (6%) of
whom were defined as immigrants] of which 66 (17%) spoke
only French whereas 290 (77%) spoke only English (see
Table 1 for an overview of the breakdown of our cohort, and
supplementary materials for a fuller description of our
cohort). As we did not have direct information on immi-
grant status, we could not determine age of immigration.

Socioeconomic status (SES) of participants was
assessed retrospectively by applying the method outlined
in Bialystok et al using occupation status as a proxy for
SES (see supplemental materials for a full description
http://links.lww.com/WAD/A2).

RESULTS

Overall Impact of Bilingualism or Multilingualism
on Age of Diagnosis of AD

The mean values for age at diagnosis, years of
education and MMSE score at diagnosis for the cohort
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are reported in Table 2. A cross-tabulation of sex and
language group showed a significant difference in distribu-
tion of men versus women in each language group with
women being far more represented in the unilingual group
than in the multilingual group (Pearson chi square=8.3,
P<0.01). There was also a trend toward men being diag-
nosed at a later age than women overall, z=1.66,
P<0.097. According to our definitions, the cohort was
made up of 158 immigrants (25%) and 474 natives (75%).
There was no difference in age of diagnosis between the
2 groups, z=0.96, P=0.34. A cross-tabulation of
immigrant/native status and language group showed
natives to be far more likely to be unilingual than immigrants
(w2=178.2, P<0.001). A cross-tabulation of sex and immi-
grant/native status showed no difference in the distribution
of women and men in each group (w2=1.04, P=0.31).
Immigrants had significantly less years of education than
natives, however, (9.7 vs. 11.2, z=4.5, P<0.001). There
was no difference between unilinguals and multilinguals in
years of education (10.9 vs. 10.7, P>0.05) and there was
no correlation between education and age of diagnosis
(r=0.05, P=0.26, 95% CI= � 0.03-0.12).

Given the potentially confounding impact of sex,
immigrant/native status, and education on our data, we elected
to do regression analyses on our variables of interest with
education, immigrant/native status and sex as covariates
with language status. In the cases where a variable was

categorical [eg, sex (male/female)], the numbers 0 and 1
were used to code the alternate states.

A model regressing age of diagnosis to language status
(unilingual vs. multilingual), education, immigrant/native
status, and sex trended toward but did not reach significance
overall [F(4, 627)=2.02, P=0.09] and 2 of the indepen-
dent variables in the model contributed to that trend
[language status: unstandardized b coefficient (ubc)=1.40,
P=0.06; immigrant/native status: ubc= � 1.43, P=0.09]
whereas the other 2 did not (education: ubc=0.06,
P=0.45; sex: ubc=0.83, P=0.18) (see Table 2). Given
that language status trended toward significance, we further
examined whether the number of languages spoken within
the multilingual group had an impact on diagnosis. Among
multilinguals, the number of languages spoken was found
to have a small but significant positive association with age
at diagnosis (Spearman r=0.14, P=0.026 (95% CI for
r=0.02-0.26)], suggesting the more languages spoken, the
later dementia was diagnosed. To further examine this
association, we did a multiple regression analysis looking
at the relation of the number of languages spoken with
age of diagnosis in multilinguals in addition to education,
immigrant/native status and sex. The overall model trended
toward significance [F(4, 248)=2.2, P=0.07]. Of the
individual variables, only the number of languages came
out as a significant predictor (ubc=1.90, P=0.008), whereas
education, immigrant/native status and sex did not sig-
nificantly contribute to the model (education: ubc= � 0.04,
P=0.72; immigrant/native status: ubc= � 0.94, P=0.32
sex: ubc=0.79, P=0.39). A post hoc least significant
difference analysis of the different groups based on number
of languages spoken (2, 3, or 4+) showed that those who
spoke 4 or more were diagnosed significantly later than
those who spoke only 2 (Mean difference=4.19, P=0.02),
whereas those who spoke 3 languages showed a trend
toward later diagnosis than those who spoke 2 (Mean
difference=1.87, P=0.075). Including the unilinguals in
the model made the regression significant [F(4, 627)=3.7,
P=0.006]. The individual variables that came out as
significant was a positive relationship with the number of
languages (ubc=1.4, P=0.001) and a negative relation-
ship with immigrant status (ubc= � 2.0, P=0.017),
suggesting that the more languages spoken delayed time
of diagnosis of AD, whereas being an immigrant hastened
it. Education and sex did not contribute significantly to
the model (education: ubc=0.06, P=0.49; sex: ubc=0.71,
P=0.25). In this case, the post hoc LSD analysis of
number of languages showed a significant difference in age
of diagnosis between those who spoke 4 or more languages
and those who spoke 1 (mean difference: 4.21 y, P=0.02)
or 2 languages (mean difference: =4.19 y, P=0.02) and a
trend for those who spoke 3 languages versus those who
spoke 1 (mean difference=1.89 y, P=0.06) or 2 languages
(mean difference=1.87 y, P=0.09). There was no differ-
ence between those who spoke 1 or 2 languages (mean
difference=0.02 y, P=0.98). These results suggest that
speaking 3 or more languages is protective, but that
speaking only 2 is not (see Table 3).

Impact of Bilingualism or Multilingualism
on Age of Symptom Onset

In 143 participants, we had available a detailed
assessment to attempt to determine the month and year
of onset of memory impairment symptoms. This consisted

TABLE 1. n of Cohort and its Breakdown According to
Immigrant Status, Language Status, and, for the Native Groups,
English /French (E/F) Bilingualism

Total n of Cohort 632

N of nonimmigrant (Canada born/educated)
subgroup*

474 (75%)

N of nonimmigrants whose first language
was English

379

n who were unilingual 290
n who were bi- or multilingual 89
n who were E/F bilingual 19

N of nonimmigrants whose first language
was French

94

n who were unilingual 66
n who were bi- or multilingual 28
n who were E/F bilingual 24

N of immigrant subgroup 158 (25%)
n who were unilingual 23
n who were bi- or multilingual 135

*One nonimmigrant subject spoke Mohawk as a first language and was
thus not included in either the nonimmigrant English or nonimmigrant
French subgroups.

TABLE 2. Mean Values (and Standard Deviation) for
Demographic Variables of Each Language Group

Language

Group n

Age at

Diagnosis

Mean (SD)

Years of

Education

Mean (SD)

MMSE score

Mean (SD)

Unilingual 379 76.7 (7.8) 10.9 (3.5) 23.1 (3.9)
Men 139 77.1 (7.0) 11.1 (3.7) 22.7 (4.0)
Women 240 76.3 (8.1) 10.8 (3.3) 23.3 (3.8)

Multilingual 253 77.6 (7.2) 10.7 (3.8) 22.9 (4.3)
Men 122 78.1 (7.3) 11.1 (4.2) 23.5 (4.3)
Women 131 76.9 (7.5) 10.3 (3.4) 22.4 (4.2)
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of detailed questioning based on the CSHA approach.15

This group of 89 unilinguals and 54 multilinguals, was
re-analyzed separately. Z-tests were carried out to compare
this subset of 143 patients to the rest of the sample on age of
diagnosis, education, number of languages, and MMSE
score at diagnosis. No difference was found in education
(10.8 vs. 10.8, P=0.86) or number of languages (1.5 vs.
1.6, P=0.47). Differences were found in age and MMSE
score at diagnosis, with the subset being younger and
having a higher MMSE score on average (mean age: 75.9
vs. 77.3, P<0.05; mean MMSE score, 23.8 vs. 22.8,
P<0.01). As in Bialystok et al,9 we examined the time
between symptom onset and first assessment as a function
of immigrant status to check for a potential confound of
individuals being less inclined to present themselves for
medical help as a result of being from different back-
grounds. We found no difference between immigrants and
native-born Canadians on this measure [time from symp-
tom onset to first assessment: immigrants=4.5 y; native
born Canadians=4.8 y; F(1, 141)=0.15, P=0.7]. A
model regressing age of diagnosis to language status (uni-
lingual vs. multilingual), education, immigrant/native status
and sex was not significant overall in this subgroup [F(4,
138)=0.43, P=0.79] and neither were any of the indivi-
dual variables in the model (language status: ubc=1.76,
P=0.25; immigrant/native status: ubc= � 1.49, P=0.36;
education: ubc= � 0.01, P=0.97; sex: ubc= � 0.545,
P=0.67). A similar analysis of age of symptom onset also
did not show a difference [F(4, 138)=0.57, P=0.68;
language status: ubc=1.93 P=0.23, immigrant/native
status: ubc= � 2.13, P=0.24, education: ubc=0.02,
P=0.89, gender: ubc= � 0.14, P=0.92]. A correlation
of age of onset of memory problems with number of
languages spoken among the multilinguals showed a
positive relationship as in the larger group with age of
diagnosis (Spearman r=0.32, P<0.02, 95% CI for
r=0.05-0.54). A further regression analysis of this effect
in the presence of education, immigration/native status
and sex gave the subsequent result: the overall model was
not significant [F(4,138)=1.7, P=0.15], but number of
languages was (ubc=2.4, P=0.02) and immigrant/native
status trended toward significance (ubc= � 3.2, P=0.06).
A post hoc LSD analysis of 1 versus 2 versus 3+languages
spoken (4, & 5 were combined with 3 owing to smaller
numbers in this subgroup) showed those who spoke 3 or
more languages had a later onset of symptoms than those
who spoke 1 (mean difference=4.84 y, P=0.026) or 2
languages (mean difference=5.47 y, P=0.022). As with
age of diagnosis, there was no significant difference between
those who spoke 1 or 2 languages, although unilinguals’
average symptom onset was slightly later than bilinguals
(mean difference=0.63 y, P=0.68). These results mirror

the age of diagnosis results (see supplementary materials for
a table of the demographics of the age of onset subcohort).

Analysis of Impact of English-French Bilingualism
in Nonimmigrant Cohort on Age
of Diagnosis of AD

One of the motivations for this study was to look at
the effect of bilingualism without the potential confound of
differences in cultural and life experience between indivi-
duals born in Canada and individuals who were immi-
grants. To that end, we carried out a further analysis
essentially restricted to Canadian born participants. We
assessed the subgroup of individuals who were unilinguals
in either English or French, comparing them to the French/
English bilinguals. These individuals were almost all born
in or around Montreal. This group was made up of 356
unilinguals (290 English-speaking, 66 French-speaking)
and 43 bilinguals (19 with English as first language and
24 with French as first language). The unilinguals were 81%
English speaking compared with only 19% French speaking.
In this group, a regression model for age of diagnosis
with bilingualism status (unilingual vs. bilingual), education,
and sex did not reach significance overall [F(3, 394)=2.02,
P=0.11]. The subvariable for bilingualism did, however,
reach significance (ubc= � 3.0, P=0.018). When we exam-
ine the means, however, the difference turns out to be in favor
of the unilinguals being diagnosed later than the bilinguals
(see supplementary materials for a table of demographics of
the native English/French unilinguals and bilinguals).

Further analysis of the groups according to the first
language showed that among the unilinguals, French
speakers were diagnosed on average 5.3 years earlier than
English speakers (72.7 vs. 78.0; z=4.5, P=0.0001), whereas
in the bilinguals there was no difference [French=75.9,
English=73.2; t(df=41)=1.02, P=0.32]. We then looked
the larger native English and French group, including
speakers of more than 2 languages and bilinguals who
spoke additional languages other than English or French.
Examining language status within each group, we found
there was no difference in the age of diagnosis for the native
English group based on number of languages spoken when
controlling for education and gender (ubc=0.51, P=
0.54), whereas in the native French group, there was a trend
toward significance (ubc=3.4, P=0.084). Looking only
at bilinguals versus unilinguals in the native French group,
the difference did not reach significance [t(df=88)=1.6,
P=0.12] (see Table 4). This suggests that in the native

TABLE 3. Demographic Information Organized According to
Number of Languages Spoken

Number of

Languages

Spoken n

Age at

Diagnosis

Years of

Education

MMSE Score

at Diagnosis

1 379 76.7 (7.8) 10.9 (3.5) 23.1 (3.9)
2 168 76.7 (7.8) 10.7 (3.7) 22.8 (4.3)
3 67 78.6 (6.0) 11.3 (4.2) 23.1 (4.3)
Z4 18 80.8 (5.5) 9.1 (3.6) 23.6 (2.7)

TABLE 4. Age of Diagnosis of Alzheimer’s Disease Organized
According to Number of Languages Spoken Within Native
Canadians Whose First Language is English (Native English),
Native Canadians Whose First Language is French (Native
French), and Immigrants to Canada (Immigrants)

Number of

Languages Spoken

Native

English

Native

French Immigrants

1 78.0 (7.0) 72.7 (9.1) 71.4 (8.1)
(n) (290) (66) (23)
2 77.9 (7.5) 75.9 (6.5) 76.5 (8.2)
(n) (62) (24) (81)
3 79.8 (5.6) 79.5 (2.5) 77.8 (6.4)
(n) (24) (4) (39)
Z4 80.7 (3.2) — 80.9 (5.9)
(n) (3) — (15)
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English group, the number of languages spoken did not
provide or contribute to a later diagnosis, whereas in the
native French population, it trended in that direction,
although again at greater than 2 languages.

Analysis of Age of Diagnosis of AD as a Function
of Number of Languages Spoken in
Immigrant Subgroup

Given the unexpected results we obtained in the native
English and French groups, we looked at our immigrant
group separately to see if it showed a similar pattern. A
model regressing age of diagnosis to language status
(unilingual vs. multilingual), education and sex was
significant overall in this subgroup [F(3, 157)=5.09,
P=0.002] with language status driving the significance
(ubc=4.8, P=0.01). Education and sex did not contribute
significantly to the model (education: ubc=0.21, P=0.18;
sex: ubc=1.4, P=0.25). Replacing simple language status
with number of languages (1, 2, 3, 4+) in the regression
made for an even stronger model [F(3,157)=6.8,
P=0.0001] with number of languages again being sig-
nificant (ubc=2.5, P=0.001) and education showing a
trend toward significance (ubc=0.28, P=0.055). Further
post hoc analyses showed a significant difference between
unilingual immigrants and all other language groups, with
unilinguals being diagnosed 5 years earlier than bilinguals
(P=0.006), 6.4 years earlier than trilinguals (P=0.002),
and 9.5 years earlier than those speaking 4 or more languages.
Also, there was a significant difference between 4+
language speakers and bilinguals, with bilinguals being
diagnosed 4.5 years earlier on average (P=0.038). A post
hoc analysis of education showed unilinguals had signifi-
cantly less education than all other language groups (6.2 y
vs. 10.7, 10.2, 9.0 y for the 2, 3, and 4+ language groups,
respectively; Ps between 0.001 and 0.03) and there were no
differences between the other groups. It should be noted
that, given our definition of immigrants for this study (first
language not English or French), the unilinguals therefore
did not speak either of the local languages. In the
immigrant subgroup, we see a definite impact of number
of languages spoken, both at the level of bilingualism
and at the level of 4 or more languages (see Table 4 and
supplementary materials for a table of education and
MMSE scores by cultural group and linguistic attainment).

Analysis of Age of Diagnosis of AD as a Function
of Cultural Group (Native English, Native French,
Immigrant) and Number of Languages Spoken

To further examine the patterns uncovered by
separating the cohort into Canadian born participants
whose first language was English, Canadian born partici-
pants whose first language was French, and immigrants, we
analyzed the difference in age of diagnosis between these
groups within each linguistic group (1 language, 2 langua-
ges, etc.). In the unilingual group, there was a significant
difference in the age of diagnosis [F(2, 378)=20.02,
P=0.0001]. Post hoc LSD analysis showed Canadian
born participants whose first language was English were
diagnosed significantly older than Canadian born partici-
pants whose first language was French (5.36 y, P=0.0001)
and immigrants (6.57 y, P=0.0001). There was no signifi-
cant difference between Canadian born participants whose
first language was French and immigrants. In the bilingual
and multilingual (3+ languages) groups, there was
no significant difference between the 3 groups (bilinguals:

[F(2, 166)=0.91, P=0.41]; Multilinguals: [F(2, 84)=0.37,
P=0.69]. This shows that native English unilinguals are
diagnosed later than either native or immigrant unilinguals,
but that this difference disappears in bilinguals and multi-
linguals.

Analysis of Impact of Occupational Status
Given the difference in age of diagnosis between our

native English unilinguals and the other unilinguals, we
looked at the possible impact of occupational status in
protecting against the onset of dementia in the unilinguals.
Higher occupation status and more intellectually stimula-
ting work are associated with retained cognitive function in
old age21,22 and reduced effects of dementia.23 However,
in our cohort, we found that the group with the highest occupa-
tional status was the unilingual native French. This shows
that the difference seen in the age of diagnosis between
native English unilinguals and the other unilinguals is not
attributable to occupational status. (see supplementary
materials for a table and fuller description of this analysis).

Analysis of Rate of Cognitive Decline
Finally, the rate of cognitive decline after the diagnosis

of AD was assessed using Folstein MMSE score at 2 visits,
the initial diagnosis visit and the subsequent visit, in a
subset of 92 of the unilinguals and 62 of the multilinguals.
There was no difference between these rates when regressed
with education, immigrant/native status, and gender effects.
Our analysis produced rates of decline similar to the results
of Bialystok et al9 (see supplementary materials for a fuller
description of this analysis).

DISCUSSION
In this study, we found only partial evidence for a

protective effect of bilingualism using 6 different ap-
proaches to analysis. On the one hand, we were unable
to clearly replicate the results reported by Bialystok et al:
whereas they found a statistically significant 4.1-year
average difference in age at symptom onset with later onset
in the multilingual group, we found a nonsignificant 1.0-
year difference between the 2 groups, with multilinguals
having symptom onset slightly later. When we considered
age of dementia diagnosis rather than age at symptom
onset, this difference (still favoring multilingual individuals)
was reduced to 0.9 years (see Table 2), and again was found
not significant. When we considered age of dementia
diagnosis, restricting the cohort to nonimmigrant English/
French bilinguals, the difference was now significant, but
in the opposite direction, with unilingual individuals having
dementia diagnosis 2.6 years later than bilinguals. Further-
more, we found no difference in the rate of cognitive decline
between the multilingual and unilingual groups.

In contrast, there was other evidence found favoring
a protective effect for multilingualism consisting of a
significant relationship between number of languages spoken,
and age of diagnosis assessed with Spearman correlation,
with those speaking more languages having an older age at
diagnosis and symptom onset. A linear regression analysis
supported the significance of this finding. Post hoc analysis
and examination of Table 3 suggests that this delay in age
at diagnosis holds only for men and women speaking 3 or
more languages. Further analyses of the native English,
native French and immigrant subcohorts showed that
bilingualism was significantly protective among immigrants
(with bilinguals being diagnosed 5.1 y later than unilinguals),
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and trended toward significance in our native French
subcohort, (with bilinguals being diagnosed 3.2 y later than
unilinguals). However, this protective effect was conspicu-
ously absent in our native English subcohort, owing to the
linear age of diagnosis present across all language status
subgroups. In fact, our uniligual English group was
diagnosed at approximately the same age as our multilingual
native French and immigrant groups.

These results are fairly straightforward but also per-
plexing; immigrants and native-born bilinguals whose first
language is French show a protective effect of bilingualism
(and even more so of multilingualism), whereas native-born
bilinguals whose first language is English (ie, the large
majority of our cohort) do not show this protective effect.
We see the effects solely when these 3 groups are separated
out. For all the other analyses, the absence of any protec-
tive effect in the native English group serves to ‘‘wash out’’
the effect of number of languages spoken in the entire
group, whether we consider age at dementia diagnosis or
age at onset of symptoms.

Note that if one considers only the immigrant
subgroup in our study (Table 4), the age at dementia
diagnosis was remarkably similar to the age of symptom
onset found in Bialystok et al, as was the beneficial effect of
bilingualism versus unilingualism (although in that study
the unilinguals were mostly Canadian born). Although the
effect of bilingualism is strongest in our immigrant
subgroup, there are also other possible reasons for this
finding that our data suggest. First, there is the finding of
lower education in our immigrant unilingual group as
compared with the bilingual or multlingual immigrants.
Lower education has been associated with earlier onset
of dementia.24,25 This could also contribute to their not
learning additional languages. As well, given our definition
of immigrants as not having as their primary language
either English or French, this would mean that unilingual
immigrants do not speak either of the main languages of the
community. It is possible that this could make them more
isolated from the larger community and contribute to
greater stress in day to day living, both of which are also
associated with earlier onset of dementia.26,27 Recall that
most of the bilingual participants in their study were
immigrants, suggesting that the finding does not generalize
reliably beyond that population.

The puzzle is why native-born bilingual speakers
whose first language is English performed differently. The
unilingual English speakers had no evidence of any earlier
onset of AD symptoms or diagnosis compared with
multilinguals. Owing to their greater age at diagnosis, the
data even trended in the opposite direction. When the
bilingual group is restricted to Canadian-born French and
English speakers, we found some evidence of a later age at
diagnosis among unilinguals compared with bilinguals.
Given that these groups are better matched and drawn from
a more homogeneous background than a sample of patients
from immigrant backgrounds, we expected to encounter no
differences between English and French native speakers;
however, the opposite was the case.

So how do we explain these results? The education
levels between the French and English native groups were
not different; thus, this factor is unlikely to be responsible.
It is documented that prior to the 1960s there was a
socioeconomic divide between the English and French
populations of Canada, with the English population having
greater access to higher paying employment than the

French, who made only 62% of the income of the English
population according to the 1961 Census.28 Given that
most of our cohort entered the workforce before 1960, we
had anticipated a tendency for the unilingual English-
speaking native population of the memory clinic from
which this group was sampled to have worked in a
profession (medicine, law) or to have owned their own
business whereas many (although not all) of the French-
speaking population were retired laborers. In fact our
analysis of occupational status within the unilinguals
suggested that the Native French group had a higher
occupational status than either the native English group or
the immigrants, who were equivalent. We cannot ascribe
any cognitive reserve effects, therefore, to differences
associated with a higher SES among certain subgroups. If
there are environmentally induced differences in cognitive
reserve between the English and French subgroups, the
source of this remains to be determined.

Alternatively, the English (mostly of British or Eastern
European ancestry) and French (mostly of Western
European ancestry) subgroups come from differing genetic
backgrounds. Might there be certain populations wherein
multilingualism produces beneficial ‘‘cognitive reserve’’
whereas other groups fail to gain such a benefit? This is
purely speculative. In either case, these data point to the
complexity of multiple influences that might affect ‘‘cogni-
tive reserve.’’ It seems that the benefit of bilingualism may
emerge only if other factors (genetics, socioeconomic status,
stress) are equivalent across groups.

We must acknowledge some important limitations of
our study. First, we have used a definition of bilingualism
and multilingualism that makes no mention of the age of
acquisition of the second or other languages or of age of
immigration, which has been shown to also have an impact
on additional language learning.29 This was done for
practical reasons—it would be quite unreliable to depend
on the report of elderly demented individuals as to the exact
age at which they acquired a second language. A second
limitation was the lack of direct information of immigrant/
native status. We used a rough estimation based on the
assumption that anyone whose first language was a
language native to Canada was native-born, and those
whose first language was not native to Canada were
immigrants. We understand that it may be argued that
some participants in the native category could have
immigrated from English-speaking countries or French-
speaking countries, and that individuals born in Canada
may have a first language other than English or French (ie,
if their parents were recent immigrants). We would
respond, however, that in the absence of direct information,
this method of estimation comes closest to accurately
categorizing our cohort in terms of their native/immigrant
status and that, in the main, it is correct. A third and fourth
limitation was the relatively small sample size of the
bilingual native-born cohort, along with the cross sectional
nature of the study. Last, a fifth limitation was our use of
the age at diagnosis (age of presentation to the clinic, or age
at which an MCI individual was rediagnosed as AD) as
the main outcome measure in the majority of stati-
stical comparisons. Given the many environmental factors
(access to specialists, clinic waiting time) the age at
diagnosis is a somewhat arbitrary marker for most
individuals. In contrast, there were no obvious systemic
factors that should have made the age at diagnosis different
for unilingual or bilingual or multilingual individuals and
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our original hypothesis that immigrants may seek help at
a later time was not supported. We can therefore argue
that age of diagnosis is a valid evaluation point for the
hypothesis that bilingualism delays dementia.

The other analysis was carried out for the age of
onset of memory problems, determined in a subset of our
participants. Note that ‘‘age of onset of memory pro-
blems,’’ whereas seemingly a more ‘‘ecological’’ milestone,
is also fraught with problems. It has been shown that
informants often fail to recognize memory problems in their
family members.30 Recent work by one of us has showed
that both of these points in the natural history will be
misreported by many participants with memory loss, often
by up to a year in either direction.15 In that study, the
reported age of onset of memory problems was in fact a
year later than the reported age at which individuals saw a
physician for assessment of their memory problems. Again,
however, there was no obvious systematic factor that would
make unilinguals report an earlier onset age than multi-
linguals in our study, especially after our original hypo-
thesis that immigrants would be more likely to report later
was not supported.

It should be noted that overall our age of symptom
onset and diagnosis was considerably younger than the
Canadian average determined from data collected 15 years
ago in a large population study, the Canadian Study of
Health and Aging (CSHA).31,32 Analysis of the data from
983 CSHA participants showed a mean age of onset of
memory problems as 80.5 years, compared with our age
of onset of 71.5 years in unilinguals and 72.5 years in
multilinguals. This difference may reflect growing public
awareness of dementia, or cultural local factors in
Montreal, or the fact that those who are older are less
likely to present to their physicians or a memory clinic. In
contrast, it could simply reflect oversampling of the older
age groups in the CSHA.

In summary, these findings both constrain and expand
upon the findings of Bialystok et al.9 On the one hand, we
found a protective effect of bilingualism in native Cana-
dians whose first language was French and also in
immigrants to Canada, in replication of their results. On
the other, this benefit was absent in native English speakers,
the majority of our participants, and thus overall,
bilingualism did not show a protective effect in our cohort.
However, we did find a consistent protective effect for
speaking 3 or more languages, both overall and in
individual groups, which is consistent with the findings of
Kavé et al.14 Therefore, the protective effect of speaking
multiple languages may be clearest in those speaking more
than 2. Further research will be needed to clarify these
intriguingly different patterns and the meaning of these
trends in understanding cognitive reserve.
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