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Key summary points
Aim  To assess the effects of bilingualism compared to monolingualism on the clinical manifestation of Alzheimer’s Disease.
Findings  Data from meta-analyses suggest that bilingual individuals exhibit Alzheimer’s Disease symptoms are diagnosed 
later than monolingual participants.
Message  Bilingualism may delay the manifestation of symptoms and diagnosis of Alzheimer’s Disease.

Abstract
Objective  To assess the effects of bilingualism compared to monolingualism on the clinical manifestation of Alzheimer’s 
disease.
Methods  We searched the databases: MEDLINE, The Cochrane Central Register of Controlled Trials, Embase and LILACS, 
and searched by hand and in gray literature for studies published before September 2019. The quality of included studies 
was assessed using the Newcastle–Ottawa Scale. Two reviewers independently searched for studies, extracted data, and 
performed the quality assessment.
Results  Eight studies were included in this review. Data from meta-analyses suggest that bilingual individuals with Alzhei-
mer’s disease exhibit symptoms (694 participants; mean difference (MD) (4.05 years; 95% CI: 1.87–6.22 and are diagnosed 
later (1012 participants; MD 2.0 years; 95% CI: 0.08–3.92) than monolingual participants.
Conclusion  Bilingualism may delay the manifestation of symptoms and diagnosis of Alzheimer’s disease. Further studies 
with more rigorous methodology are needed to improve the precision of the results.

Keywords  Alzheimer’s disease · Systematic review · Bilingualism · Cognitive reserve · Meta-analysis

Introduction

Dementia  is a devastating and highly prevalent disease. 
Worldwide, nearly 50 million people live with dementia 
[1]. Alzheimer’s disease (AD) is the most common cause 
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of dementia and may be involved in 80% of the cases [2]. 
AD is a progressive degenerative brain disease of unknown 
cause, characterized by gradual decline in cognitive func-
tions, including memory, praxis, executive function, and lan-
guage [3]. AD causes an expressive effect on the individual’s 
life and generates a huge impact on public health [4]. As 
the population of older adults rises globally, strategies for 
delaying or preventing the onset of AD symptoms become 
increasingly important [5].

Recent studies have indicated that lifelong bilingualism 
plays an important role on the cognitive reserve (CR) [6, 
7]. CR is distinguished by the individual ability to enhance 
neural networks and maintain cognitive function despite the 
neural changes associated with age. Physicians frequently 
observe individuals with relevant level of brain atrophy but 
with preserved cognitive functioning. The exact mecha-
nism that underlies CR is not well-known [6]. However, the 
protective effects of bilingualism may be a result of how 
human brain has adjusted to the additional skill provided by 
managing two or more languages [8]. Older bilingual adults 
switch between perceptual tasks significantly faster than 
their monolingual peers despite requiring less activation in 
primary task-switching regions as measured by magnetic 
resonance imagining (MRI) [9]. Furthermore, bilinguals 
may have increased gray and white matter densities in cer-
ebral regions related to executive control, such as the left 
prefrontal cortex, anterior cingulated cortex, left inferior 
parietal lobule, and the left caudate [10, 11].

The idea of bilingualism as an enhancing factor to CR 
is promising and relatively new, but not completely estab-
lished. On one hand, preliminary evidence has suggested that 
bilingualism might delay the onset of dementia symptoms 
[12, 13]. On the other hand, some studies have failed to find 
protective effects of bilingualism, showing no significant 
differences between monolingual and bilingual AD patients 
in age at the time of AD diagnosis [14, 15]. Therefore, we 
designed this systematic review to compare the effect of 
bilingualism versus monolingualism on the onset of AD.

Methods

This systematic review evaluated the effect of bilingualism 
on the onset of clinical manifestations of AD. The recom-
mendations proposed by the Preferred Reporting Items for 
Systematic Reviews and Meta-Analysis (PRISMA) [16] and 
Cochrane Collaboration Handbook [17] were followed.

Search method

We searched Cochrane Central Register of Controlled Trials 
(CENTRAL) MEDLINE (OVID), EMBASE, and LILACS 
using relevant descriptors and synonyms, adapting the 

search to the specifications of each database (Supplementary 
Figs. 1, 2, 3, and 4). We used the technique of snowballing, 
searching the lists of references of the included studies. All 
studies published before September 2019 were included, and 
no language restrictions were used in the selection.

Data collection and analysis

Primary studies that compared participants diagnosed with 
AD who spoke two or more languages with participants who 
spoke only one language were included. We included cohort, 
cross-sectional, and case–control studies. Case series, case 
reports, narrative reviews, and editorials were excluded. In 
this review, the main outcomes were age at AD diagnosis; 
time of clinical AD manifestation; and incidence of AD. 
Studies including patients with other types of dementia were 
included only if AD patients’ data were presented separately.

Study quality was evaluated using the Newcastle Ottawa 
Scale (NOS), a validated scale for the assessment of observa-
tional studies [18]. It was developed to assess the quality of 
nonrandomized studies directed to the task of incorporating 
the quality assessments in the interpretation of meta-analytic 
results [18]. A ’star system’ is used in which a study is assessed 
in three broad perspectives: the selection of the study groups; 
the comparability of the groups; and the ascertainment of 
either the exposure or outcome of interest for case–control 
or cohort studies, respectively [18]. A study can be awarded 
maximum nine stars [18]. We used a predefined form to extract 
data from included studies. The authors of relevant studies 
were contacted in the case of missing study details.

Study selection, data extraction, and assessment of risk 
of bias were performed by two review authors indepen-
dently. All disagreements in selection, data extraction, or 
risk of bias assessment were solved through discussion or, 
if required, by consulting with a third author. After extrac-
tion, data were analyzed using Review Manager 5.3 (Rev-
Man) software. Continuous data were pooled using Der-
Simonian–Laird random-effects model. The results were 
presented as mean difference (MD) with 95% confidence 
interval (CI) [17].

Results

The database search yielded a total of 248 records. After 
removing duplicated records, we examined 202 titles 
and abstracts and excluded those clearly not related to 
the review question. We retrieved 17 full-text articles for 
further scrutiny. We finally selected 8 studies for inclu-
sion in this systematic review [12–15, 19–22]. PRISMA 
flow chart shows the study retrieval and selection process 
(Fig. 1). None of the included studies were prospective. 
The study details are summarized in Table 1.
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Six studies recruited only AD participants. Two of them 
included participants with other types of dementia but pro-
vided data for AD patients separately and were included 
in this review. The spoken languages varied substantially 
across the studies. Some studies, such as the one from 
India [12], included a bilingual population containing a 
lot of different language combinations. Four of the studies 
included both immigrant and non-immigrant individuals 
[13, 15, 19, 22]. The other studies recruited completely 
non-immigrant samples [12, 14, 20, 21].

All studies were evaluated using the domains of the 
NOS; the results of NOS evaluation are shown in Sup-
plementary Table 1. Two studies received four stars [19, 
22], and six of them received five stars [12–15, 20, 21].

Quantitative syntheses

Age at onset of AD symptoms

We pooled data from four studies [12, 19–21] that had 
evaluated the age at onset of AD symptoms in bilinguals 

compared to monolinguals. This first analysis, shown in 
Fig. 2, included 694 participants. We found that bilingual 
patients exhibit AD symptoms later (MD 4.05 years; 95% 
CI: 1.87–6.22) than monolingual patients.

Age at AD diagnosis

Five studies [14, 15, 19, 20, 22] evaluated the age at AD 
diagnosis. Pooled data from 1012 participants, shown 
in Fig. 3, indicate that bilingual patients are diagnosed 
with AD later (MD 2.0 years; 95% CI: 0.08–3.92) than 
monolinguals.

Incidence of AD

The incidence of AD could not be evaluated, since none 
of the included studies were prospective.

Fig. 1   Study flow diagram

248 of records iden�fied 
through database searching.

0 of addi�onal records 
iden�fied through other 

sources.

46 of records a�er duplicates 
removed.

202 of records screened.

185 of records excluded.

- Inclusion of other demen�a 
subtypes without providing the 

specific AD popula�on data.

- No bilingual group.

- Inclusion of previously reported 
pa�ents’ data.17 of full-text ar�cles assessed 

for eligibility.

7 of studies in quan�ta�ve 
synthesis (meta-analysis).

8 of studies in qualita�ve 
synthesis.
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Discussion

This is the first systematic review with meta-analysis to dem-
onstrate that the bilingualism may delay AD onset. In this 
review, the pooled results of 7 studies indicate that bilingual-
ism is related to a delay of nearly 4.05 years in the onset 
of AD symptoms and 2 years in the age at AD diagnosis 
compared to monolinguals.

A recent review [23] assessed the effects of bilingual-
ism on the risk of cognitive decline and dementia. This 
review found that bilingualism do not reduce the incidence 
of dementia. This is probably because Mukadam et al. [23] 
considered patients with any type of dementia. Currently, 
there are at least ten different types of dementia. Each type 
of dementia has distinguished characteristics, causes, symp-
toms and prognosis. Therefore, it is likely that different fac-
tors may influence AD onset and other types of dementia.

The available evidence suggests that bilinguals might be 
able to withstand more disease pathology than monolinguals, 
probably accruing symptoms later in life. This hypothesis is 
supported by previous data from studies that have evalu-
ated brain atrophy differences between monolinguals and 
bilinguals AD patients. The bilingual population has shown 
substantially greater amounts of brain atrophy in areas com-
monly impaired in AD patients [24]. Perani et al. assessed 
the cerebral resting-state metabolic activity in bilingual and 

monolingual AD participants. Bilinguals showed a more 
severe cerebral hypometabolism but increased connectiv-
ity in the executive control system [15, 25]. Recent studies 
have also reported that bilinguals present increased gray and 
white matter densities in cerebral regions related to execu-
tive control [10, 11]. Together, these results suggest that 
bilingualism may lead to the creation of a broader neural 
network and may increase CR, probably through its effects 
on executive control. These executive abilities and neural 
network may result in compensation mechanisms for early 
cognitive symptoms, which could help delay the clinical 
onset but not the neuropathology of AD.

We found moderate to high heterogeneity in both our 
meta-analysis. This may be mainly justified by clinical het-
erogeneity in included studies. We could not address the 
influence of age of acquisition of the second language on 
bilingual advantages, years of schooling, and language used 
during the assessments (dominant or non-dominant), since 
these characteristics were not reported in the included stud-
ies. Kowoll et al. [26] showed that while the dominant lan-
guage is more vulnerable to brain damage, the non-dominant 
is affected later in the course of AD. It is therefore plausible 
that differences in the choice of dominant or non-dominant 
language to be applied in the study assessments might affect 
the results. Therefore, the clinical heterogeneity should be 
addressed in future studies, considering baseline differences 
between groups.

Fig. 2   Age at onset of Alzheimer’s disease symptoms. Age is expressed in years (mean); N number of participants, SD Standard Deviation, IV 
inverse-variance, Confidence interval

Fig. 3   Age at Alzheimer’s disease diagnosis. Age is expressed in years (mean); N number of participants, SD Standard Deviation, IV inverse-
variance, Confidence interval
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This review is not without limitations. Our data should 
be interpreted with caution, since some shortcomings in 
the methodology of the included studies, such as the pres-
ence of confounding factors, can interfere in the precision 
of the results. A possible confounding previously reported 
is the “healthy migrant effect”, in which healthier people 
are more likely to migrate [27]. However, the results of 
the studies that included non-immigrant participants in 
this review [12, 14, 20, 21] (Figs. 2 and 3) have the same 
direction of the effect as the studies that included immi-
grants. Some of the included studies have also controlled 
for other confounding factors. Alladi et al. [12] reported 
a delay of 4.5 years for bilinguals, independent of sex, 
occupation, immigration status, education, and setting 
(urban or rural). Craik et al. [19] demonstrated that bilin-
guals showed symptoms of dementia 5.1 years later than 
monolinguals, even after controlling for education, gender, 
cognitive, and occupational levels. Furthermore, most of 
the studies included in this review do not have a reliable 
instrument that indicates to which extent each individual 
can be considered bilingual. It is a limitation for most 
studies to rely on the patients and caregivers’ information 
for the bilingualism factor. It is noteworthy that it may be 
very difficult to quantify a life experience such as bilin-
gualism, and reliable instruments for use in each language 
are scarce. However, it is important to assess bilingual 
usage as fully as possible, considering both measures of 
daily usage and age of acquisition of the second language 
[like in the Language and Social Background Question-
naire (LSBQ)] [28]. Additionally, although bilingualism 
commonly refers to the ability of speaking two languages, 
we have included 4 studies [12, 13, 19, 20] that defined 
bilingualism as the ability to speak two or more languages. 
Further studies can clarify if the multilingualism may have 
a more important effect on neural plasticity than bilingual-
ism in patients with AD. Finally, in our study, the rela-
tion between bilingualism and the incidence of AD could 
not be evaluated, since none of the included studies were 
prospective.

In this systematic review, we conducted extensive 
searches on large databases with a sensitive search strat-
egy. To minimize the likelihood of bias, we followed the 
recommendations of the Cochrane Handbook for Sys-
tematic Reviews of Interventions [17]. We found promis-
ing results suggesting that bilingual patients may exhibit 
symptoms and diagnosis of AD later than a comparable 
group of monolingual patients. Of note, the late diagnosis 
does not necessarily prove that bilingualism delays AD. 
Instead, it may be the result of a delay in the diagnosis 
and consequently in the disease management. Neverthe-
less, the fact that bilinguals have also exhibited symptoms 
later than monolinguals and that no other obvious reasons 
explain why monolinguals could have been systematically 

diagnosed earlier than bilinguals are additional arguments 
that strengthen the hypothesis that bilingualism actually 
delays the disease onset.

While current drugs may help to slow the progression 
of AD, none of them have showed to delay the onset of AD 
[29]. On the other hand, and more importantly, this study 
exposes a critical issue: the need of future strong prospective 
studies with more rigorous methodology, including com-
prehensive clinical, imaging, and neuropathological data, 
to improve the precision of these results and address the 
possible underlying mechanism of this advantage. Large 
prospective studies using reliable instruments for evaluating 
bilingualism, with good follow-up rates, and controlling for 
confounders such as the years of schooling, age of acquisi-
tion of the second language, number of spoken languages, 
native language, and immigrant status, are necessary to 
improve the precision of the results.

Conclusion

Bilingualism may delay the manifestation of symptoms and 
diagnosis of AD. Further studies with more rigorous meth-
odology are needed to improve the precision of the results.
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