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Effects of bilingualism on age of onset in two clinical 
Alzheimer’s disease variants
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D. Rabinovicia, Bruce L. Millera, Maya L. Henry**,b, Maria Luisa Gorno-Tempini**,a

aDepartment of Neurology, Memory and Aging Center, University of California, San Francisco, 
San Francisco, CA, 94158, USA

bDepartment of Communication Sciences and Disorders, University of Texas At Austin, TX, 
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Abstract

INTRODUCTION: The effect of bilingualism on age at onset has yet to be examined within 

different clinical variants of Alzheimer’s disease.

METHODS: We reviewed the research charts of 287 well-characterized participants with either 

amnestic Alzheimer’s dementia (AD) or logopenic variant primary progressive aphasia (lvPPA) 

and identified bilingual speakers based on regular use of two or more languages and/or ability to 

communicate with native speakers in two or more languages. We evaluated whether bilingual 

speakers demonstrated a delay in age of symptom onset relative to monolingual speakers while 

controlling for other variables known to influence cognitive reserve.

RESULTS: A five-year delay in age at symptom onset was observed for bilingual relative to 

monolingual speakers with lvPPA. This delay in onset was not observed in the amnestic AD 

cohort.

DISCUSSION: Bilingualism may serve as a unique cognitive reserve variable in lvPPA, but not 

in amnestic AD.

Keywords

Primary progressive aphasia; Alzheimer’s disease; bilingualism; cognitive reserve; dementia; 
multilingualism

1. Background

It has been postulated that individuals with high cognitive reserve can sustain a greater 

degree of pathological burden before displaying clinical symptoms1,2. A number of activities 

and experiences that regularly engage cognition in a sustained and taxing fashion have been 
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found to be contributors to cognitive reserve3,4. Bilingualism may contribute to cognitive 

reserve and serve as a protective factor against the onset of Alzheimer’s dementia (AD)5–7, 

but results have been mixed8–11. In frontotemporal dementia (FTD), results suggest that the 

effects of bilingualism may differ by clinical variant12.

Like FTD, AD comprises distinct clinical variants, including amnestic AD, characterized by 

episodic memory deficits and bilateral hippocampal and mesial temporal lobe atrophy13, and 

logopenic variant primary progressive aphasia (lvPPA)14, characterized by impaired 

phonological processing and left temporo-parietal degeneration15. Although these two 

variants often share AD pathology and biomarkers16–20, they differ in the underlying neural 

networks (episodic memory versus phonological)13–15 that are implicated.

The aim of this retrospective study was to examine the effect of bilingualism on age of 

symptom onset in a large, historical cohort of monolingual and bilingual patients presenting 

with lvPPA or amnestic AD based on established clinical and imaging criteria13,15. We 

predicted that bilingual speakers in each clinical variant would show a delay in age of 

symptom onset relative to monolingual speakers, and that effects would persist when 

accounting for other variables known to influence cognitive reserve. This prediction was 

based upon previous literature indicating that bilingualism may confer a delay in symptom 

onset in individuals with AD5–7,21–23.

2. Methods

2.1 Participants

Individuals seen at the UCSF Memory and Aging Center (MAC) between August 2005 and 

September 2017 were considered for inclusion in this retrospective study. All participants 

were previously recruited for a longitudinal research study through an NIH Program Project 

Grant (PPG) or the Alzheimer’s Disease Research Center (ADRC) at the University of 

California, San Francisco. Participants were evaluated by a team consisting of a behavioral 

neurologist, a neuropsychologist and a nurse practitioner. At the research visit, each 

participant gave a complete clinical history, underwent neuropsychological testing and 

received a neurological examination, and their study partners participated in a nursing 

interview to discuss the participant’s functional status. Diagnosis was reached by a 

multidisciplinary team applying current diagnostic criteria13,15.

All patients or their decision-making surrogate gave written consent for the ongoing, 

longitudinal study from which the data reported in this study were derived. The study was 

approved by the UCSF institutional review board for human research.

2.2 Chart Review

In order to determine speaker status (monolingual or bilingual), we conducted a 

comprehensive chart review following a four-step procedure (Figure 1). These steps were 

taken not only to discern speaker status, but also to restrict our extensive review of the MAC 

database to diagnoses of interest (AD variants, per our a priori hypotheses), and to extract 

other variables of interest (when available; e.g., languages spoken). The four-step procedure 

was conducted as follows:
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Step 1) A filtering process using a comprehensive list of search terms related to a 

potential positive history of bilingualism (see Appendix Table A.1 for full list) was 

conducted on all research visit summaries (N = 1,628) in the MAC database. Charts 

that were flagged by this filtering process (due to the presence of a search term), 

were reviewed in detail. Patients were classified as bilingual if their chart indicated 

that they regularly used two or more languages and/or they had the ability to 

communicate with native speakers in two or more languages12. For the purposes of 

this study, patients who spoke more than two languages were classified as 

bilingual24. Conversely, individuals were classified as monolingual if their charts 

did not state information regarding exposure to or experience with a second 

language. Participants were excluded if it was not clear whether they were 

monolingual or bilingual according to the above criteria. More specifically, 

participants were excluded if their chart revealed that a) they had enrolled in classes 

to learn a second language for only a few years and did not report any other 

exposure or ongoing experience with the language outside of the classroom; b) they 

immigrated to a country that had a different majority language from the country of 

their previous residence, but it was unclear whether they engaged in formal 

schooling or were employed in their adopted country in an environment that 

required usage of the primary language spoken in that country; or c) they reported 

minimal usage of a second language such that it was unclear if they had attained 

high proficiency or regularly used two or more languages.

The raters (JD or SG) independently determined monolingual or bilingual status for each 

patient. In cases of disagreement, the raters discussed the case to reach consensus. A total of 

895 charts were flagged for review through this filtering process. Of these, 287 individuals 

were classified as bilingual, 459 individuals were classified as monolingual, and 149 were 

excluded due to inability to determine speaker status. The remaining 733 charts did not 

contain a search term related to a potential positive history of bilingualism and were 

therefore considered to be monolingual. In sum, the initial step in our chart review process 

yielded a total of 1,479 charts to be considered in the next step of our chart review procedure 

(n = 287 bilinguals; n = 1192 monolinguals).

Step 2) Given that the focus of this study pertained to the effect of bilingualism on 

age of onset in AD variants, our second step was to identify which of the 1,479 

monolingual and bilingual participants met diagnostic criteria for amnestic AD13, 

lvPPA15, posterior cortical atrophy (PCA)13 or frontal/executive AD13. A total of 

345 participants met diagnostic criteria for one of these four AD variants. However, 

due to an insufficient number of bilingual patients diagnosed with PCA (N = 3) or 

frontal/executive AD (N = 6), all participants with these diagnoses (both 

monolingual and bilingual) were not considered for further analyses. Therefore, a 

total of 287 individuals with amnestic AD or lvPPA were considered for further 

inclusion in this study.

Step 3) Our third step was to perform a more in-depth chart review of the 287 

remaining charts. This chart review identified four bilingual participants who were 

initially and incorrectly classified as monolingual by the filtering process in Step 1 

and one participant for whom speaker status was unable to be determined. This 
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resulted in our final cohort of 286 monolingual and bilingual participants with 

diagnoses of either amnestic AD or lvPPA.

Step 4) Our fourth step was to collect available information regarding patients’ first 

language (L1), second language (L2), additional languages, country of birth, 

occupation and any history of learning disability from the reviewed charts. 

Demographic information, including sex, education, handedness, age at first 

symptom and clinical diagnosis was collected through an established research 

database. Age at first symptom was defined as the age that the participant or family 

member first observed a clinical symptom indicative of a dementia syndrome.

2.3 Statistical analysis

All statistical analyses were performed using Stata 14.1 (StataCorp). 2015. Stata Statistical 
Software: Release 14. College Station, TX: StataCorp LP).

2.3.1 Demographic variables and neuropsychological assessment scores—
The monolingual and bilingual speakers from each diagnostic group were compared to each 

other for the following variables using unequal samples t-tests: years of education, age at 

disease onset, age at diagnosis, CDR, MMSE and additional measures from a standard, 

comprehensive neuropsychological battery25. Tasks from the battery were grouped by 

cognitive domains (i.e., episodic memory, speech and language, visuospatial and executive/

frontal) and a Bonferroni correction was applied to analyses conducted within each domain. 

Fisher’s exact test was used to test for between-group differences (monolingual versus 

bilingual) on categorical variables including sex, handedness, history of learning 

disability26, immigrant status, occupational level and diagnostic phenotype.

2.3.2 Effect of bilingualism and clinical phenotype on age of onset—Analyses 

of covariance (ANCOVA) were used to assess the effects of bilingualism and clinical 

diagnosis on age of symptom onset while controlling for other variables known to influence 

cognitive reserve. Data used in our analyses met assumptions for ANCOVA. Our omnibus 

test comprised a two-way ANCOVA with the independent variables of clinical variant 

(amnestic AD and lvPPA) and speaker status (monolingual and bilingual), the dependent 

variable of age at first symptom onset, and the covariates of sex, immigrant status, and years 

of education, with alpha set at p < 0.05. Post-hoc analyses were conducted, as appropriate.

3. Results

3.1 Demographic and neuropsychological assessment results of the entire cohort

The current study included a total of 286 participants. The cohort was 48% male. The mean 

level of education was 15.9 years (SD = 3.0). Mean age at symptom onset was 60.6 years 

(range 40-89 years) with a mean age at diagnosis of 64.6 years (range 44-92 years).

The entire cohort consisted of 242 monolingual speakers and 44 bilingual speakers. With 

regard to demographic variables, monolingual and bilingual speakers did not differ 

significantly from each other on the basis of sex, education, handedness, history of learning 

disability, or occupation (Table 1). Consistent with the demography of the general 
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population of the United States of America27, bilingual relative to monolingual speakers 

were more likely to have immigrated from another country (2% of the monolingual group 

versus 55% of the bilingual group; p < .0001; Table 1). Within the bilingual cohort, a variety 

of languages were spoken (Appendix Table A.2). Performance on neuropsychological 

assessment did not differ between monolingual and bilingual speakers (Table 2).

A comparison of the lvPPA group to the amnestic AD group revealed the expected pattern of 

differences on neuropsychological assessment per diagnostic criteria13–15 (Table 3). More 

specifically, the lvPPA cohort performed significantly worse than the amnestic AD cohort on 

tasks assessing language and phonological short-term memory. In addition, individuals in 

the amnestic AD cohort performed significantly worse than individuals with lvPPA on tasks 

assessing episodic memory.

3.2 Demographic and neuropsychological assessment results of monolingual/bilingual 
speakers within each clinical variant

The monolingual and bilingual speakers in each AD variant did not differ significantly from 

each other with regard to sex, education, handedness, history of learning disability, 

occupation, diagnostic category or CDR (Table 4). In the lvPPA cohort, bilingual speakers 

were significantly older than monolinguals at time of diagnosis (M = 68.2 ± 8.6 years for the 

bilingual lvPPA group versus M = 62.8 ± 8.1 years for the monolingual lvPPA group; p = 

0.021; Table 4). The monolingual and bilingual speakers within the AD and lvPPA cohorts 

did not differ in their performance on neuropsychological measures (Appendix Tables A.3 

and A.4).

3.3 Effects of bilingualism and clinical diagnosis on age of symptom onset

The omnibus ANCOVA revealed a marginally significant crossover interaction of clinical 

variant and speaker status on age of symptom onset (F(1, 279) = 3.78, ηp2 = .013, p = .05). 

To investigate this interaction, we conducted post-hoc analyses comparing monolinguals and 

bilinguals within each clinical variant. An ANCOVA (covariates = sex, immigrant status and 

years of education) revealed no significant difference in age of symptom onset between 

monolingual and bilingual patients with amnestic AD (F(1, 202) = 3.64, ηp2 = .018, p = 

0.06; Bilinguals M = 60.9 years; Monolinguals M = 60.9 years; Table 4, Figure 2). 

Conversely, an ANCOVA (covariates = sex, immigrant status and years of education) 

revealed that bilingual lvPPA patients developed symptoms significantly later than 

monolingual lvPPA patients (F(1, 74) = 4.40, ηp2 = 0.056, p = 0.04; Bilinguals M = 63.6 

years; Monolinguals M = 58.7 years; Table 4, Figure 2). On average, bilingual speakers with 

lvPPA manifested clinical symptoms 5 years later than monolingual speakers.

In order to further investigate whether speaker status interacted with other variables known 

to influence cognitive reserve in the lvPPA cohort, we conducted additional post-hoc 

ANOVAs. There were no significant interaction effects of speaker status and sex (F(1,75) = 

0.05; ηp2 = 0.0006; p = 0.83), speaker status and education (F(1,75) = 0.45; ηp2 = 0.006; p 
= 0.50), or speaker status and immigrant status (F(1,75) = 0.41; ηp2 = 0.005; p = 0.52) on 

age of symptom onset.
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4. Discussion

To our knowledge, this is the first study to address the potential effects of bilingualism on 

age of symptom onset in two distinct clinical variants of AD. Our data indicate that, within 

this cohort, bilingualism confers a significant, 5-year delay in symptom onset in bilingual 

relative to monolingual speakers with lvPPA, but not in those with amnestic AD. Whereas 

some studies have shown up to a 5-year delay in AD symptom onset in bilinguals compared 

to monolinguals5–7,21–23, others have not replicated this effect8–11. Although the different 

findings may be attributed to a number of factors7,22,28,29, our results indicate that clinical 

variant is a delineating variable that warrants consideration. In other words, inconsistent 

findings may be due, in part, to the fact that previous studies did not examine patterns within 

clinical AD variants or were published before the development of diagnostic criteria for AD 

variants. Results from this study may help to elucidate mixed findings with regard to 

bilingualism as a contributor to cognitive reserve in AD, given that we not only controlled 

for known confounding variables (i.e., sex, years of education and immigrant status), but 

also accounted for different behavioral phenotypes that implicate different underlying brain 

networks.

4.1 Effects of bilingualism on cognitive reserve in primary progressive aphasia

Previous evidence from Alladi and colleagues has demonstrated the importance of 

examining the effects of bilingualism across different clinical variants12. Results from their 

study indicated that bilingualism was protective against symptom onset in bvFTD, but not in 

nfvPPA or svPPA (the language variants of FTD), suggesting the potential for network-

specific effects of bilingualism. Each of the three PPA variants is characterized by unique 

speech and language deficits15, and distinct patterns of network-based neurodegeneration30. 

Results from our study suggest that bilingualism confers a delay in age of onset for 

individuals with lvPPA, which is characterized by impairments in word-retrieval and 

repetition due to an underlying phonological deficit. Therefore, it may be the case that 

bilingualism confers a benefit to those with primary involvement of the phonological 

network (lvPPA), but not for those with primary involvement of the semantic (svPPA) or 

syntax and motor speech (nfvPPA) networks. Indeed, previous studies have shown differing 

effects of bilingualism on the core speech and language domains that are implicated in the 

three variants of PPA. With regard to phonology, studies have investigated phonological 

processing and phonological short-term memory in healthy bilingual relative to monolingual 

speakers. Although these studies have yielded mixed findings31,32, results are suggestive of 

bilingual advantages in phonological awareness33 and on tasks of phonological working 

memory31. Therefore, the phonological network may be enhanced in bilinguals and 

therefore more robust in the face of pathological processes. On the other hand, advantages 

related to bilingualism may not be evident on tasks of semantic processing34, sentence 

production35 and verbal fluency36,37, which rely upon processes that are affected in svPPA 

and nfvPPA. Taken together, these studies show that bilingualism may differentially 

influence the specific linguistic domains that are implicated in each PPA variant.
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4.2 Effects of bilingualism on cognitive reserve in AD variants

Our finding that bilingualism conferred a delay for individuals with lvPPA but not for those 

with amnestic AD may be explained by the pattern of neuroanatomical enhancements 

associated with bilingualism. Bilingualism is associated with greater grey matter volume and 

white matter connectivity in phonological processing networks. Results from voxel-based 

morphometry (VBM) studies of neurotypical adults have found increased grey matter in the 

left inferior parietal cortex, Heschl’s gyrus, the superior temporal gyrus, and inferior frontal 

regions for bilingual relative to monolingual speakers (see Wong et al.,38 and García-Pentón 

et al.,39 for reviews). In a diffusion tensor imaging (DTI) study, bilinguals who performed 

well on a sound-to-word learning paradigm were shown to have enhanced fractional 

anisotropy (FA) in the left parietal-temporal region40. Converging evidence was reported in a 

study of early bilinguals and monolinguals using diffusion-weighted MRI (DWI) analyzed 

via network-based statistics, wherein bilinguals were found to have greater connection 

density in two networks: 1) a left frontal and temporo-parietal network and 2) a left 

occipital, temporo-parietal and right superior frontal network41. Together, these studies 

indicate that bilinguals have enhanced gray matter volume and white matter integrity in 

regions that have a high degree of overlap with the affected pathological network in 

lvPPA30,42. Therefore, it is plausible that these neuroanatomical enhancements may 

counteract symptom onset in the early stages of lvPPA, but not necessarily in amnestic AD, 

which is associated with degeneration of memory-predominant networks, particularly medial 

temporal and anterior default mode networks16.

Our results should also be considered in the context of previous studies on amnestic AD and 

amnestic mild cognitive impairment (MCI), a clinical syndrome that has a high probability 

of progression to Alzheimer’s dementia43–45. Compared to monolingual speakers with 

amnestic MCI, bilingual speakers presented with a later age of onset46. At first, the finding 

of a later age of symptom onset in bilingual speakers with amnestic MCI may seem to imply 

that bilingual speakers should also have a later age of symptom onset of amnestic AD, which 

we did not find in our patient cohort. As such, the rate of decline in bilingual patients who 

progress from amnestic MCI to amnestic AD may be faster than that of their monolingual 

counterparts, resulting in the two groups reaching an amnestic AD stage at a similar age. 

This notion is supported by a recent paper by Berkes et al.47, which reports a faster rate of 

conversion from MCI to AD for bilingual relative to monolingual speakers, and this pattern 

is consistent with the theory of cognitive reserve 1,48.

4.3 Strengths and Limitations

This study included a large sample of patients with lvPPA and AD with cohorts of 

monolingual and bilingual speakers matched for years of education, level of occupation and 

neuropsychological profile. Whereas some previous studies have interpreted results in the 

context of potentially confounding variables (i.e. those known to influence cognitive 

reserve), our sample was relatively homogeneous with regard to several of these cognitive 

reserve variables (sex, education, highest classification of occupation). Additionally, and 

importantly, because these patients were seen in a tertiary care center, they were all seen by 

behavioral neurologists with high levels of expertise in diagnosing and differentiating 

between AD variants.
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Our study does have several limitations. This study was retrospective in nature, and 

therefore, data were limited with regard to characterization of patients’ history of language 

exposure and use. We acknowledge the importance of these factors in determining the 

nuances of bilingualism as a contributor to cognitive reserve. Additionally, there is no 

available objective data on L2 level of proficiency; nonetheless, we note that previous 

studies have found that subjective report of proficiency correlates well with objective 

proficiency measures49. Future prospective studies should document detailed language 

history and should treat bilingualism as a continuous rather than a categorical variable.

Another potential weakness is that bilingual relative to monolingual speakers in our study 

were more likely to have immigrated to the U.S. Past studies have shown varying results of 

the protective effect of bilingualism depending on immigrant status6,28, and this has been 

attributed to differences in baseline characteristics between non-immigrant and immigrant 

bilinguals, such as manner of L2 acquisition, socioeconomic status and other cognitive 

reserve variables (see Calvo et al.29 for a review). However, we note that our bilingual cohort 

is representative of the broader population of bilingual speakers in the U.S.27, and that 

results from our lvPPA cohort were significant even after controlling for this potentially 

confounding variable. In addition, no significant interaction effect was observed between 

immigrant status and speaker status on age of symptom onset in our lvPPA cohort. 

Nevertheless, future large-scale prospective studies should account for all potentially 

confounding variables and should continue to examine the differential effects of 

bilingualism on distinct clinical phenotypes. In addition, future research should continue to 

analyze data by clinical phenotype with samples that are more closely matched for number 

of cases in each group, as greater statistical power can be achieved with large, equal 

samples.

5. Conclusion

In summary, we have documented a 5-year delay in symptom onset for bilingual speakers 

who developed lvPPA, and no such effect for bilingual speakers with amnestic AD. These 

findings suggest that bilingualism may be an important mediator of cognitive reserve for 

language networks that are susceptible to Alzheimer’s disease. One potential explanation for 

this finding may be that the neural enhancements associated with bilingualism lend a 

protective benefit against negative effects of pathology in lvPPA in the early stages of 

disease progression. This study may help to uncover the basis for inconsistent findings with 

regard to the protective effect of bilingualism in AD by showing that bilingualism delays 

symptom onset in the language variant but not the amnestic variant of AD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flowchart describing selection and classification of participants
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Figure 2. 
Age at symptom onset by clinical diagnosis and speaker group.

DeLeon et al. Page 13

Alzheimers Dement. Author manuscript; available in PMC 2021 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

DeLeon et al. Page 14

Table 1.

Demographics for the full cohort of patients (monolingual and bilingual speakers) diagnosed with a clinical 

variant of AD

All AD (amnestic AD + lvPPA)

All Patients Monolingual Bilingual p (mono vs. bi) N (mono/bi)

(N = 286) (N = 242) (N = 44)

Sex, Female, n (%) 148 (52) 128 (53) 20 (45) 0.414 -

Education, mean (SD), y 15.9 (3.0) 15.8 (3.3) 16.2 (2.7) 0.341 -

History of learning disability, n (%) 26 (14) 20 (8) 6 (14) 0.227 158/27

Right-handed, n (%) 255 (89) 215 (89) 40 (91) 0.910 -

Occupation 217/57

Professionals, n (%) 155 (60) 128 (59) 42 (74) 0.607

Associate professionals, n (%) 33 (13) 28 (13) 5 (9) 1.000

Skilled workers, n (%) 67 (26) 57 (26) 10 (18) 0.848

Elementary, n (%) 4 (2) 4 (2) 0 (0) 1.000

Immigrant, n (%) 29 (10) 5 (2) 24 (55) 0.000 -

Age at onset, mean (SD), y 60.6 (9.8) 60.3 (9.8) 61.9 (9.8) 0.338 -

Age at diagnosis, mean (SD), y 64.6 (9.7) 64.5 (9.7) 65.5 (9.9) 0.546 -

MMSE (30), mean (SD) 20.8 (6.3) 21.0 (6.9) 19.6 (6.8) 0.216 225/33

BNT (15), mean (SD) 10.92 (3.8) 11.07 (3.7) 9.9 (4.0) 0.108 214/31

CDR Total (3), mean (SD) 0.84 (0.5) 0.85 (0.5) 0.83 (0.6) 0.855 232/41

*
Note: BNT = Boston Naming Test, CDR = Clinical Dementia Rating scale, MMSE = Mini-Mental State Examination. A dash (-) in the N column 

indicates that the full dataset was available. Occupational skill level was determined using the International Standard Classification of Occupations 
(ISCO-08).
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Table 2.

Comparison of performance on neuropsychological measures for monolingual and bilingual patients across the 

full cohort

Full Cohort

Monolingual Bilingual p N

(N = 242) (N = 44) (mono/bi)

Age at Testing, mean (SD), y 64.24 (9.6) 65.41 (9.82) 0.494 229/37

MMSE (30) 21.00 (6.91) 19.55 (6.83) 0.216 225/33

GDS (30) 7.17 (5.46) 9.12 (6.15) 0.101 185/25

Episodic Memory

CVLT Trials 1-4 (36) 15.69 (7.03) 15.63 (4.50) 0.964 192/30

CVLT 10 min (9) 1.86 (2.32) 1.53 (2.08) 0.468 192/30

Rey recall (17) 3.68 (3.91) 3.88 (3.41) 0.783 216/33

Speech and Language

Sentence repetition (5) 3.32 (1.58) 2.85 (1.42) 0.104 194/33

Animal fluency 10.96 (5.71) 9.66 (5.92) 0.251 211/29

BNT (15) 11.07 (3.73) 9.9 (4.00) 0.108 214/31

Sentence comprehension (5) 3.57 (1.56) 3.31 (1.42) 0.365 183/29

PPVT (16) 13.79 (2.48) 13.23 (2.92) 0.249 190/31

Visuospatial

VOSP (10) 7.14 (2.59) 7.71 (2.12) 0.266 184/28

Rey copy (17) 12.13 (4.7) 12.5 (4.32) 0.666 217/34

Calculations (5) 3.32 (1.35) 3.09 (1.10) 0.344 219/33

Frontal/Executive

Digits Forward 5.28 (1.29) 5.07 (1.64) 0.474 148/27

Digits Backward 3.28 (1.31) 3.52 (1.46) 0.356 211/31

D words 9.40 (5.50) 9.45 (4.82) 0.962 219/31

Trails (lines) 85.23 (37.73) 100.04 (31.49) 0.063 175/25

Trails (seconds) 9.49 (5.52) 8.56 (5.80) 0.436 175/25

Design Fluency 5.62 (2.63) 4.93 (2.89) 0.339 188/28

Stroop color naming 54.39 (20.99) 49.21 (20.97) 0.262 155/24

Stroop inhibition 22.27 (14.56) 18.45 (15.93) 0.254 169/22

Abbreviations: BNT = Boston Naming Test, CVLT = California Verbal Learning Test, GDS = Geriatric Depression Scale, MMSE = Mini-Mental 
State Examination, PPVT = Peabody Picture Vocabulary Test, VOSP = Visual Object and Space Perception battery, mono = monolingual, bi = 
bilingual.

*
Note. Asterisk denotes significance with Bonferroni correction applied within each cognitive domain. These measures are derived from a 

neuropsychological battery described further in Kramer et al., 200325.
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Table 3.

Comparison of performance on neuropsychological measures for AD and lvPPA patients across the full cohort

Full Cohort

AD lvPPA p N

(N = 207) (N = 79) (AD/lvPPA)

 Age at Testing, mean (SD), y 64.72 (10.06) 63.59 (8.43) 0.388 190/76

MMSE (30) 21.51 (5.68) 19.07 (7.32) 0.005* 184/74

GDS (30) 7.30 (5.81) 7.67 (4.93) 0.667 150/60

Episodic Memory

CVLT Trials 1-4 (36) 16.25 (6.27) 14.30 (7.64) 0.050 158/64

CVLT 10 min (9) 1.50 (2.03) 2.59 (2.68) 0.001* 158/64

Rey recall (17) 3.03 (3.46) 5.38 (4.28) <.001* 177/72

Speech and Language

Sentence repetition (5) 3.80 (1.35) 1.88 (1.15) <.001* 163/64

Animal fluency 11.56 (5.51) 8.97 (5.90) 0.001* 170/70

BNT (15) 11.81 (3.17) 8.75 (4.24) <.001* 174/71

Sentence comprehension (5) 3.73 (1.42) 3.03 (1.43) 0.002* 154/58

PPVT (16) 14.01 (2.29) 13.02 (2.97) 0.007* 155/66

Visuospatial

VOSP (10) 7.09 (2.60) 7.58 (2.32) 0.223 159/53

Rey copy (17) 11.94 (4.70) 12.75 (4.48) 0.210 178/73

Calculations (5) 3.34 (1.33) 3.17 (1.28) 0.348 181/71

Frontal/Executive

Digits Forward 5.62 (1.24) 4.45 (1.22) <.001* 119/56

Digits Backward 3.52 (1.28) 2.80 (1.33) 0.0001* 171/71

D words 10.22 (5.33) 7.35 (5.06) 0.0001* 179/71

Trails (lines) 85.86 (38.37) 90.37 (34.21) 0.449 146/54

Trails (seconds) 9.24 (5.58) 9.72 (5.48) 0.586 146/54

Design Fluency 5.43 (3.68) 5.78 (3.15) 0.523 157/59

Stroop color naming 55.31 (21.45) 49.02 (19.08) 0.080 133/46

Stroop inhibition 21.92 (15.28) 21.55 (12.88) 0.883 147/44

Abbreviations: BNT = Boston Naming Test, CVLT = California Verbal Learning Test, GDS = Geriatric Depression Scale, MMSE = Mini-Mental 
State Examination, PPVT = Peabody Picture Vocabulary Test, VOSP = Visual Object and Space Perception battery, mono = monolingual, bi = 
bilingual.

*
Note. Asterisk denotes significance with Bonferroni correction applied within each cognitive domain. These measures are derived from a 

neuropsychological battery described further in Kramer et al., 200325.
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Table 4.

Demographic variables and performance on measures indicative of severity for monolingual and bilingual 

speakers by clinical phenotype

Amnestic AD lvPPA

Monolingual Bilingual p N Monolingual Bilingual p N

(N = 179) (N = 28) (mono/bi) (N = 63) (N = 16) (mono/bi)

Sex, Female, n (%) 94 (53) 15 (54) 1.000 - 34 (54) 5 (31) 0.161 -

Education, mean (SD), y 15.7 (3.2) 16.3 (3.6) 0.435 - 16.2 (2.6) 16.3 (3.3) 0.842 -

History of learning disability, n (%) 14 (8) 5 (18) 0.182 118/22 6 (10) 1 (6) 1.000 40/5

Right-handed, n (%) 162 (91) 27 (96) 0.806 - 53 (84) 13 (81) 0.838 -

Occupation 159/26 58/16

Professionals, n (%) 93 (58) 17 (61) 0.667 35 (56) 10 (63) 1.000

Associate professionals, n (%) 20 (13) 2 (7) 0.744 8 (13) 3 (19) 0.694

Skilled workers, n (%) 44 (28) 7 (25) 1.000 13 (21) 3 (19) 1.000

Elementary, n (%) 2 (1) 0 (0) 1.000 2 (3) 0 (0) 1.000

Immigrant, n (%) 3 (2) 19 (68) 0.000 - 2 (3) 5 (31) 0.003 -

Age at diagnosis, mean (SD), y 65.1 (10.1) 63.9 (10.4) 0.560 - 62.8 (8.1) 68.2 (8.6) 0.021 -

MMSE (30), mean (SD) 21.6 (5.6) 20.8 (6.6) 0.560 165/19 19.4 (7.4) 17.9 (7.0) 0.487 60/14

BNT (15), mean (SD) 11.8 (3.2) 11.7 (2.9) 0.824 157/17 8.9 (4.3) 7.8 (4.3) 0.356 57/14

CDR Total (3), mean (SD) 0.91 (0.5) 0.98 (0.7) 0.506 170/26 0.68 (0.39) 0.57 (0.18) 0.283 62/15

*
Note: BNT = Boston Naming Test, CDR = Clinical Dementia Rating scale, MMSE = Mini-Mental State Examination, mono = monolingual, bi = 

bilingual. A dash (-) in the N column indicates that the full dataset was available. Occupational skill level was determined using the International 
Standard Classification of Occupations (ISCO-08).
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