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Abstract

Objective: This study examined the joint consequences of bilingualism and Alzheimer’s disease
(AD) for picture naming ability to determine which language is more affected by AD and what
scoring methods best distinguish patients from controls.

Method: Sixty-five Spanish-English bilinguals including 26 with dementia and 39 controls with
equivalent age, education, and bilingual proficiency level, were tested on the Multilingual Naming
Test (MINT; Gollan et al., 2012).

Results: Bilinguals with AD named fewer pictures than controls, and overall AD seemed to
affect both languages about equally, but exploratory analyses suggested that this varied with

item difficulty. In the dominant language difficult items exhibited a larger effect of AD than

easy items (which were at ceiling for both patients and controls), whereas in the nondominant
language items of all difficulty levels were about equally affected by AD. An “either-language”
scoring procedure (that counted items as correct if produced only in one of the two languages)
increased naming scores especially in balanced bilinguals, and to an equal extent in patients and
controls. Receiver Operating Characteristic (ROC) analyses revealed that dominant-language and
either-language naming scores classified bilinguals as patients versus controls equally well and
adding nondominant-language scores did not improve diagnostic sensitivity.

Conclusions: Testing primarily or exclusively in the dominant language is best for detecting
AD naming impairments in bilinguals. However, AD affects the ability to access names in both
languages, possibly for different reasons, and simple descriptions of language decline as “parallel
or “asymmetrical” (i.e., AD affecting one language more than the other) may be misleading in
terms of the theoretical implications for bilingual language processing.
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Little is known about how Alzheimer’s disease (AD) affects language abilities in bilinguals
despite important implications this may have for models of bilingual language production
and for maximizing diagnostic accuracy in clinical settings. What is the expected
presentation of language impairment in bilinguals with AD? Assuming both languages
access a shared store of meaning representations (Kroll & Stewart, 1994; Francis, 1999;
2020), and progressive deterioration of semantic knowledge in AD (Bultters, et al., 1987;
1990; Monsch et al., 1994; Rascovsky et al., 2007; Salmon et al., 1999), both languages
should become impaired with disease progression. However, assuming production of the
nondominant language requires more executive control ability (to control competition from
the dominant language; Abutalebi & Green, 2007), the nondominant language should be
more affected than the dominant language, particularly with the progression of executive
control impairments in more advanced stages of cognitive impairment (Ivanova et al., 2014).
It is not known how diagnostic sensitivity of language tests is influenced by degree of
bilingualism and by the relative dominance of the language of testing, or if the same
cognitive mechanisms lead to decline in both languages.

Evidence concerning bilingual language impairment is mixed, with every possible pattern
of impairment previously reported. This includes parallel decline where both languages are
affected to the same extent (e.g., Costa et al., 2012; Gollan et al., 2010), and asymmetrical
decline where the dominant language is more affected by AD than the nondominant
language or vice versa (e.g., Gollan et al., 2010; Ivanova et al., 2014). In some studies,
more than one pattern of decline was found for different types of bilinguals or within the
same bilinguals on different tasks. One of the first studies compared bilinguals with AD to
controls on the ability to name pictures on the Boston Naming Test (BNT; Gollan et al.,
2010). For about half of the bilinguals English was the dominant language (and Spanish
was the nondominantlanguage) and for the other Spanish was the dominant language. In
English-dominant bilinguals the difference between patients and controls was significantly
larger in the dominant than in the nondominant language, an asymmetrical pattern of
impairment. Additionally, an either-language scoring procedure (i.e., giving credit for
correctly naming a picture in either English or Spanish), significantly reduced the difference
between patients and controls. In the same study, Spanish-dominant bilinguals exhibited a
similar pattern, but the difference between patients and controls was statistically equivalent
in the two languages—i.e., a parallel pattern of impairment, and the either-language scoring
procedure did not significantly reduce the size of the difference between patients and
controls.! These results suggested that the most sensitive way to distinguish patients from
controls with a picture naming test is to test only in the dominant language without allowing
use of the nondominant language. Testing in the nondominant language often produces
lower scores and false positive diagnoses, and can be influenced by many factors (e.g.,

age of acquisition, immersion experience, frequency and context of use, years of formal

1Importantly, in both bilingual groups, naming scores were substantially higher in the dominant than in the nondominant language.
Many other differences between the two groups might have affected the results. Spanish-dominant bilinguals had lower naming

scores in both languages, lower education level, had acquired English at a later age, were tested with a measure developed for

their nondominant language (the Boston Naming Test; Kaplan et al., 1983), and were immersed in their nondominant language.
Additionally, Spanish-dominant patients may have declined more at the time of testing than English-dominant patients. Dementia
Rating Scale (DRS; Mattis, 1988) scores were about 9 points lower for Spanish-dominant vs English-dominant patients, while controls
in the two language-dominance groups were matched for DRS scores.
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education and similarity of the two languages). This conclusion fits with a general consensus
among neuropsychologists that assessment of cognition in bilinguals is most accurate when
testing is done in the dominant language (Ardila & Ramos, 2008; Gasquoine & Gonzalez,
2012; Rivera Mindt et al., 2008), but is not expected based on models of bilingualism and
cognitive decline in AD (which as explained above predict either parallel decline or that the
nondominant language should be more affected than the dominant language).

Another study of immigrants to Germany who spoke German and a variety of other
languages found asymmetrical decline in one task but parallel decline in another (Kowoll

et al., 2015). About half of the participants had immigrated early in life and were German-
dominant. Overall, bilinguals with MCI or AD exhibited larger deficits (relative to controls)
when they performed a semantic fluency test in their dominant versus their nondominant
language. In contrast, the same patients had equivalent deficits in their two languages on a
picture naming task (i.e., a 15-item short version of the BNT).

A parallel decline pattern (with both languages equally affected by AD) was reported

in a few cross-sectional studies. One study of mostly Spanish-dominant Spanish-English
bilinguals found equal differences between patients and controls on semantic and letter
fluency tests in both languages (Salvatierra et al., 2007). Another study of relatively
balanced Catalan-Spanish bilinguals found equivalent differences between patients and
controls in both languages on tests of picture naming and translation (Costa et al., 2012).
Another study tested individuals who immigrated to Switzerland late in life but performed
similarly in French as a second language and either German, Spanish or Italian as the native
language. These relatively balanced immigrant bilinguals exhibited similar differences
between patients and controls in both languages on tests of picture naming, repetition,
fluency, and semantic and syntactic comprehension (Manchon et al., 2015). Parallel effects
of AD in both languages across so many different tests led the authors to conclude: “../t
would appear that at present there is no reason to choose one language over the other for
the purposes of neuropsychological assessment of DAT [Dementia of Alzheimer’s Type]’
(Manchon et al., 2015, pp. 98).

Whether one sees a parallel, asymmetric or mixed pattern of language decline in bilinguals
with AD may depend, in part, upon stage of disease. Ivanova et al (2014) examined picture
naming data over three successive years of testing of a subset of the bilinguals studied

in Gollan et al. 2010. Although the degree of naming impairment in bilinguals with AD
was greater in the dominant than the non-dominant language at baseline, greater decline
occurred over the next two years in the nondominant than in the dominant language naming
scores. This pattern is consistent with anecdotal reports that bilinguals with AD exhibit
decreasing inclination to speak in a nondominant language over time after diagnosis (Ardila
& Ramos, 2008; Mendez et al., 1999; 2019; for review see Gomez-Ruiz et al., 2012).

Thus, while the dominant language may be more useful for diagnosis of AD in bilinguals
(in cross-sectional comparisons of patients to controls), the nondominant language may
exhibit more precipitous decline with disease progression.2 This may apply particularly to

2lvanova et al. (2014) had 8 English-dominant and 4 Spanish-dominant bilinguals with AD. When excluding Spanish-dominant
bilinguals, the pattern of decline over time was statistically equivalent for the two languages. Spanish-dominant patients in this study
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bilinguals with one clearly dominant language given that a longitudinal study of relatively
more balanced bilinguals with AD reported parallel decline of the two languages (Calabria
etal., 2017).

The present study aimed to further examine the effects of AD on naming ability in the
bilinguals’ two languages with greater focus on diagnostic sensitivity. We hypothesized
that pictures of varying difficulty level might be differentially sensitive to AD in the two
languages, and that previous results might have been distorted by use of the BNT (Gollan
et al., 2010), which was not designed for bilinguals and has items that are more difficult

(or impossible) in Spanish than in English (Allegri et al., 1997; Gollan et al., 2012; Kohnert
et al., 1998; thereby biasing towards English dominance). Previous work also focused
exclusively on which language exhibited a larger difference between groups of patients

and controls but without considering diagnostic utility on an individual patient level. To
address these limitations, we used the Multilingual Naming Test (MINT; Gollan et al.,
2012), which was designed for bilinguals and includes a range of item difficulty levels, and
conducted analyses of sensitivity and specificity contrasting different approaches to scoring
bilingual naming abilities (dominant-language, nondominant-language, either-language,
both-languages) to determine which approach might be best for classifying bilinguals as
patients versus controls.

Transparency and Openness

Method

Participants

We follow Journal Article Reporting Standards (JARS; Kazak, 2018) and report how we
determined our sample size, all data exclusions (if any), all manipulations, and all measures
collected in the study. All study data, analysis code, and research materials are available at
[https://tinyurl.com/4xuys9xs]. Study design and analyses were not pre-registered.

Participants were recruited from the Alzheimer’s Disease Research Center (ADRC) at

the University of California, San Diego (UCSD). Annual ADRC evaluations included
detailed clinical and medical history, brief medical examination, neurological and
neuropsychological assessment, screening for depression and other psychiatric symptoms,
assessment of functional activities of daily living, and laboratory tests. At the completion of
the evaluation at least two ADRC board-certified neurologists reviewed all information (in
consultation with neuropsychologists) and classified each participant as either cognitively
normal, with AD (using current NIA-AA diagnostic criteria; McKhann, et al., 2011) or
with other neurodegenerative diseases (e.g., frontotemporal dementia, dementia with Lewy
bodies) based on published criteria. The research protocol was approved by the UCSD
Institutional Review Board in accordance with the Helsinki Declaration.

also had lower education level but Aigher naming scores than the English-dominant patients — a combination that is not easy to

interpret.
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Participants’ demographic and language history characteristics are shown in Table 1. The
dominant language was determined based on participants’ stated preference for language

of neuropsychological testing. Patients and controls did not differ in age, education, age of
regular use of each language, current use of the nondominant language, or years immersed
in the nondominant language (i.e., years lived outside the USA for English-dominant
participants and years lived in the USA for Spanish-dominant participants). All participants
had learned Spanish before English. After dividing the sample by language preference
(English-dominant, Spanish-dominant) subgroups remained relatively well matched except
that in the Spanish-dominant subset patients reported being slightly less proficient in English
than controls (see Table 1). Importantly, within each subgroup (i.e., Spanish-dominant and
English-dominant) patients and controls did not differ significantly (all ps =.212) in degree
of bilingualism as measured by an objective bilingual index score calculated by dividing the
nondominant language naming score by the dominant language naming score (see Table 2;
Gollan et al., 2012; Garcia & Gollan, 2021).

The MINT is administered annually at the ADRC. For most participants, data were taken
from the first time they were tested on the MINT (all controls and 22/26 of patients). All
participants self-identified as Hispanic and about 52% were born in the USA (n=34). About
85% (n=55) were Mexican or Mexican-American (/=3 from South America, 7=3 from
Cuba, n=2 from Central America, and /=1 each from Puerto Rico and Portugal).

Inclusion criteria were as follows: We included all Spanish-English bilingual ADRC
participants who were classified as either a healthy control (7=39) or who were diagnosed
with dementia (17=26; /=24 with probable AD, n=1 with possible AD, and /=1 with
frontotemporal dementia who was later autopsy confirmed to have AD), and for whom
item-level data coding was available in both languages on all 68-items of the Multilingual
Naming Test (MINT; Gollan et al., 2012). A number of participants were excluded

for various reasons (some are counted in more than one category) as follows: (a) four
participants who named only 1-4 pictures correctly in the nondominant language were
considered functionally monolingual and excluded (all other participants named at least 11
pictures in the nondominant language), (b) to match patients and controls for education level
we excluded 14 participants with 6 or fewer years of education, and 9 Spanish-dominant
controls with high education level (patients, especially Spanish-dominant patients, tended to
have lower education level), (c) to match for number of years immersed in the nondominant
language we excluded 5 Spanish-dominant controls who had lived in the USA for fewer than
20 years (all Spanish-dominant patients had lived in the USA for at least 20 years). Finally,
(c) we excluded two participants who were diagnosed with AD six and eight years after they
were first tested on the MINT (these participants had identical naming scores in the two
languages).

Materials & Procedure

Participants were tested individually in a quiet, well-lit room by a native Spanish-English
bilingual psychometrist. The 68-item version of the MINT was administered in each
language according to standardized instructions, including provision of semantic and/or
phonemic cues if needed (Gollan et al., 2012; Ivanova et al., 2013). An item was considered
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correct if the picture was named spontaneously (i.e., without a cue) or following a semantic
(but not a phonemic) cue. All 68 items were administered unless testing was stopped
because 6 consecutive items had been failed (i.e., named incorrectly or not named at

all; note that the MINT items become progressively more difficult with increasing item
number; Gollan et al., 2012). When this stopping rule was invoked, all subsequent items
were counted as incorrect. The test was completed first in the participant’s stated preferred
language and immediately thereafter in the other language to minimize any possible effects
of testing order given that some studies showed the dominant language affected by first
testing bilinguals in the nondominant language (e.g., Guo et al., 2011; Misra et al., 2012;
Wodniecka et al., 2020), though note that in our studies with the MINT we found no order
effects on either the dominant or the nondominant languages (i.e., naming scores in each
language did not differ as a function of whether testing was done in that language first or
after naming the same pictures in the other language first; Van Assche et al., 2013; Garcia &
Gollan, 2021).

Statistical Analysis

Results

We compared groups on demographic and clinical variables using independent samples
ttests. Next, we conducted a 2 x 2 generalized logistic mixed effects model with MINT item
accuracy as the dependent variable (i.e., 0 or 1) and fixed factors of diagnosis group (AD
versus control; contrasted coded as -.5 and .5) and language (dominant versus hondominant;
coded as .5 and -.5), and their interaction. Random intercepts for participant and item

were included, along with by-participant and by-item random slopes for the main effect

of language (the maximal model did not converge). Next, we explored whether group
effects were moderated by item difficulty since the MINT includes a broader range of item
difficulty than the BNT (to accurately measure proficiency in the nondominant language;
Gollan et al., 2012). Item difficulty was added as a continuous fixed effect (scaled and
centered) to the model, removing the random effects for items. We used a model comparison
(with the ‘anova’ function in R) to examine whether a more complicated model improved
model fit using a combination of a Chi-square statistic and evaluation of AIC (Akaike
information criterion). In exploratory correlations, we examined whether bilingual language
characteristics and Dementia Rating Scale (DRS) scores predict a benefit from the either-
language scoring procedure. Finally, we used Receiver Operating Characteristic (ROC)
curves to examine the diagnostic sensitivity of the various MINT scoring methods. Since
only a small number of participants were Spanish-dominant, we did not conduct separate
analyses for each dominance group. However, Tables 1-2 show both overall results and
separated for English-dominant versus Spanish-dominant subgroups. Below we speculate
how language dominance might have affected the observed patterns of results (which would
need to be tested in future studies). Data were analyzed using Statistical Package for Social
Sciences (SPSS) v28 and R version 4.3 (R Core Team, 2020) and the package Ime4 version
1.1.26 (Bates et al., 2015) using the ‘glmer’ function.

Table 2 presents means and standard deviations for the percentage of pictures correctly
named by patients with dementia and healthy controls in the dominant language (whichever
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language participants reported as the preferred language for testing), nondominant language,
either language (i.e., counting as correct any picture named correctly in at least one
language), and both languages (i.e., counting as correct only pictures that were named
correctly in both languages). All but 6 bilinguals named more pictures correctly in the
language they reported as dominant than in the nondominant language (2 patients and 4
controls named between 1-3 fewer pictures correctly in their preferred language, which was
English in 5/6 of these cases).

Which language is more affected by AD?

Table 3 presents detailed model output (see Table 2 for descriptive statistics). Patients named
fewer pictures than controls, participants (collapsed across groups) named more pictures

in the dominant- than in the nondominant-language, and unlike in Gollan et al., 2010,

AD affected the two languages equally (i.e., the interaction between group and language
dominance was not significant. The effect of group remained significant and of the same
effect size when controlling for age, education, and sex [8=1.396; 95% CI(B)=[0.727,
2.075]; p<.001].

To assess possible effects of item-difficulty, we repeated the analysis, adding item-difficulty
level as a continuous factor (Table 4 presents detailed model output; see Figure 1). This
revealed main effects of diagnosis group and language-dominance, as previously reported.
Additionally, there was a robust main effect of item difficulty, such that correct responses
decreased with each successive increase in MINT item difficulty level. There was an
interaction between language dominance and item, such that language dominance effects
were smaller on easier items. The interaction between participant group and item difficulty
was also significant, as the difference between patients and controls was larger for difficult
than for easier items. Of greatest interest, was the 3-way interaction between diagnosis,
language-dominance, and item difficulty, with an odds ratio of 2.1 (which indicates at

least a small effect size; Chen et al., 2010). Follow-up comparisons revealed a significant
interaction between diagnosis group and item difficulty level in the dominant language
[B=0.780; 95% CI(B)=[.350, 1.233]; p<.001], but not in the nondominant language,
[B=0.059; 95% CI(B)=[-0.176, 0.293]; p=.620]. A model comparison revealed that the 3-
way interaction explained significantly more variance compared to a model without this term
(¥2(1)=8.392; p=.004) and achieved a lower AIC (i.e., 5,601) compared to a model without
this term (AlC=5,608). Figure 1 shows that the differences between patients and controls
increased with item difficulty in the dominant language, whereas in the nondominant
language group differences were about equal across all items.

Either Language Scoring Effects

Figure 2a shows the number of additional pictures named correctly when bilinguals

were given credit for unique pictures named in either language (across the two MINT
administrations) versus just in the dominant language as a function of their bilingual index
scores. Overall, bilinguals named more pictures correctly with the either-language scoring
procedure, consistent with previous reports (Gollan et al., 2007; 2010; Kohnert et al.,
1998), and the benefit increased with an increasing degree of bilingualism. Importantly,
patients and controls benefitted equally from the either-language scoring procedure. These
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observations were confirmed in a multiple regression with diagnosis group as a fixed factor,
bilingual index as a continuous predictor, and the group by bilingual index interaction,

with the either-language scoring benefit (i.e., the either-language score minus the dominant
language score) as the dependent variable. This analysis revealed only a main effect of
bilingual index score (8=3.850; SE(B)-0.867; f=0.582; p<.001). Neither the main effect
of group nor the group by bilingual index interaction effect approached significance (s =
.630).

Figures 2b—d show independent measures of proficiency in relation to the either-language
scoring benefit. These suggested that in addition to more balanced bilingualism (including
both as objectively measured by the MINT, and by self-reported proficiency level), increased
current use of the nondominant language might be associated with a greater likelihood of
benefitting from the either-language scoring procedure (albeit perhaps only in controls).
However, degree of cognitive impairment (as measured by lower Dementia Rating Scale
scores) did not predict the extent of either-language scoring benefit.

Classifying Bilinguals as Patients versus Controls

Figure 3 presents ROC curves classifying bilinguals as patient vs. control based on
dominant-language, nondominant-language, either-language (i.e., correctly named in at
least one language), and both-languages (correctly named in both languages) scores. The
area under the curve (AUC) values and optimal cutoff scores to maximize sensitivity

and specificity for each scoring condition are shown in Table 5. The AUCs for dominant-
language scores (.79) and either-language scores (.80) were good-to-excellent, whereas the
AUC for nondominant-language scores (.65) and both-language scores (.66) showed poor
diagnostic classification and were closer to chance (i.e., .50). The ROC curve and AUC for
the either-language score were similar to dominant-language scores (z<1; p=.726). Thus, the
either-language scoring was no better or worse at classifying bilinguals as patients versus
controls than scores based only on dominant-language scores. Finally, we examined whether
adding nondominant scores will aid classification accuracy by hierarchically entering
dominant scores in Block 1, and nondominant scores in Block 2 in a logistic regression
model. The nondominant language did not significantly improve model classification
(p=.195), nor contribute unique predictive value (B=-.026; SEB)=.020; p=.200).

Discussion

The present study provides key insights as to how bilingualism and AD jointly affect picture
naming. Critically, AD seemed to affect naming in both languages, but exploratory analyses
suggested that this varied with item-difficulty. In the dominant language, only difficult
items seemed to be affected by AD, whereas in the nondominant language, items of all
difficulty levels were affected (see Figure 1). Language dominance effects also varied with
item-difficulty, being larger for more difficult items (while bilinguals appeared to be more
balanced for relatively easy items - compare means across panels in Figures 1). Overall,

we found numerically larger differences between patients and controls in the nondominant
than in the dominant language (but note the large variability, and lack of significance; see
Tables 2-4). Even though not significant, this result is surprising given that to date, no
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cross-sectional study found the nondominant language to be more affected by AD than the
dominant language even though this result is predicted by models of bilingual language
processing (Gollan et al., 2010) and anecdotal evidence (Mendez et al., 1999), and may best
characterize changes in bilingual language production with disease progression (lvanova et
al., 2013; Mendez et al., 1999).

Second, bilinguals named more pictures when credited for names they could produce

in either language relative to only in the dominant language, and this benefit increased
continuously as the degree of bilingualism approached balance between the two languages,
and with increased self-reported use of the nondominant language in controls3, but was
not modulated by degree of cognitive impairment (see Figure 2). Importantly, the either-
language scoring benefit was about equal for patients and controls. Additionally, the
either-language and dominant-language naming scores were equivalent for distinguishing
patients from controls in ROC analyses. Joint consideration of both the dominant and the
nondominant language naming scores did not improve diagnostic sensitivity (above the
dominant language score alone).

Understanding Parallel versus Asymmetrical Impairment Patterns

Our results build on growing evidence that the answer to the question “which language
declines more in bilinguals with AD?” may vary, at least in cross-sectional comparisons, as
a function of the type of bilinguals tested (i.e., which language is dominant, if bilinguals

are balanced or not), the type of task (e.g., fluency versus picture naming), and even
difficulty of items within the same task. It is increasingly clear that both languages are
affected by AD, but different measures might be needed to reveal the complete picture

of the underlying neurocognitive impairments in bilinguals with AD. Although damage

to semantic representations should reduce the ability to retrieve words in both languages
given a shared conceptual representation across languages, different factors will affect which
words bilinguals know in each language, what types of processes are needed to retrieve
them, and whether they will be sensitive to AD. One interpretation of our results is that
retrieval of all object names in the nondominant language is relatively difficult (though
difficulty and diagnostic sensitivity are not one and the same as is demonstrated by ROC
analyses in the present study; see also Chapman & Chapman, 1978; Melinder et al. 2005). It
might be tempting to assume that there is a “diagnostic sweet spot” at about the point where
controls fail to name pictures correctly about 75% of the time (this occurs at a different

item difficulty range in the two languages, see Figure 1). However, we caution against this
possibility because at all levels of difficulty there is simply more measurement error in the
nondominant language (compare left and right sided panels of Figure 2).

3Elsewhere we have argued that self-report measures of language proficiency are considerably less reliable than objective measures
based on studies of young Spanish-English and Chinese-English bilinguals (Tomoschuk et al., 2019). Consistent with this view, the
lines in panel B of Figure 2 are perhaps slightly less steep than those in panel A; however, there is circularity of measurement in
panel A (MINT scores were used to calculate scores on both the X and the Y axes), and the differences are not as striking as would
be expected if self-ratings were entirely unreliable (the lines in panel B should have been flat). It is possible that older bilinguals
are better than young bilinguals at rating their own proficiency level. It is also not clear why self-reported use of the nondominant
language was predictive of the either-language benefit only in controls not in patients. It is possible patients had more difficulty
accurately gauging their degree of use or that their use patterns changed because of their cognitive impairment.
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Furthermore, items in the dominant versus in the nondominant language might be sensitive
to AD for different reasons. Relatively easy items might be readily accessible in both
languages leading to competition between languages, which should affect the nondominant
language more than the dominant language (Gollan et al., 2008). Similar considerations
apply more generally to understanding how bilingualism affects picture naming ability.

For example, bilinguals had more tip-of-the-tongue states (TOT) than monolinguals for
relatively easy items (e.g., Gollan & Silverberg, 2001; Gollan & Acenas, 2004), but
monolinguals had more TOTSs than bilinguals when the targets were very difficult words
(bilinguals did not know the more difficult words; Gollan & Brown, 2006). Thus, the size
and even the direction of the difference between groups can depend on idiosyncratic factors
specific to the words chosen for investigation (e.g., Gollan et al., 2010 and Ivanova et

al., 2013 suggested words in the dominant language have richer semantic representations
leading them to be more sensitive to small changes in cognitive status, but Stilwell et al.,
2015 pointed out that richer representations might just as easily be expected to be /ess
vulnerable to brain damage). As such, although the majority of cross-sectional studies found
parallel effects of AD on both languages (see reviews in Calabria et al., 2017; Stilwell et al.,
2017) a parallel decline pattern does not necessarily implicate the same underlying cognitive
mechanism.

Longitudinal studies are needed to thoroughly characterize how AD affects language
processing in bilingual individuals and to test the hypothesis that the nondominant language
declines faster than the dominant language as executive control impairments emerge with
disease progression. As noted above, greater decline of the nondominant language with
disease progression is expected given that controlling interference from the dominant
language is likely the most demanding language control challenge bilinguals face when
speaking. To date, only one empirical study has reported this pattern of asymmetrical decline
over three years of testing (Ivanova et al., 2013), though with a naming test not ideal for
use with bilinguals (the BNT) and with only twelve bilinguals with AD. A parallel pattern
of decline in both languages was found in the only other longitudinal study (Calabria et al.,
2017), but bilinguals in this study spoke typologically similar languages (Catalan-Spanish)
and had similarly high naming scores in both languages (i.e., it could be questioned if one
language was clearly dominant4). In addition, participants were only followed for one year,
which might not have been sufficient to reveal an asymmetrical decline pattern. Because
changes to language processing due to AD are subtle, at least initially, testing bilinguals
that have one clearly dominant language and having longer test-retest intervals might be
needed to observe how changes in language abilities emerge with disease progression. In
addition, the effects of AD on language processing may be easier to identify in tasks other
than picture naming. Language control failures increase in bilinguals with AD (Costa et

al., 2012; Calabria et al., 2017) and difficulty controlling which language to speak may
increase with disease progression (for review see Stilwell et al., 2015). Tasks that capture the
complexity of naturalistic language production in connected speech (Kavé & Goral, 2017),
or that are specifically designed to challenge control over language selection (e.g., Gollan

4A similar criticism applies to Manchon et al., (2015), but not to Salvatierra et al., (2007), who also observed similar sized AD effects
in the two languages even though Spanish was clearly more proficient than English, on average, for those bilinguals.

Neuropsychology. Author manuscript; available in PMC 2024 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gollan et al.

Page 11

etal., 2017; 2020), might be better suited for revealing how AD affects bilingual language
processing. Going forward it might be more fruitful to focus on tasks that are better designed
to pinpoint the underlying cognitive mechanisms that lead to differences between bilinguals
with AD and controls. Furthermore longitudinal studies are needed given that abilities in

the nondominant language vary considerably between individuals and are affected by factors
unrelated to AD (e.g., years of immersion, frequency of use).

Measuring Language Abilities to Diagnose AD in Bilinguals

The results of the present study help answer a critical outstanding question regarding
assessment of picture naming in bilinguals with AD: “Should bilingual individuals be tested
only in their dominant language or should names produced in either language be accepted

as correct?”. We addressed this question using individual subject analyses that are more
useful for diagnostic purposes—i.e, ROC curves with cutoffs to maximize sensitivity and
specificity to classify individuals as patients with AD or controls. Based on the size of

the difference between patients and controls, the only previous study that attempted to
address this question surmised that the either language scoring procedure might obscure the
effects of AD on naming scores (Gollan et al., 2010). However, this study did not compare
diagnostic sensitivity of the two methods. The results of the present study call for revision
of this conclusion; the size of the difference between groups does not necessarily indicate
which measure is best for classifying participants into groups, and the either-language
scoring procedure worked as well as dominant language naming scores for diagnostic
classification purposes. Naming might be most sensitive to AD in bilinguals when they try
to retrieve words that are part of a stable and consistently accessible lexicon. For bilinguals
this might include most words in the dominant language and only a small number of words
in the nondominant language. Though nondominant overall, some words in the nondominant
language are actually the dominant label for some specific objects. In the present study,

the either language scoring benefit began to emerge at a relatively low level of bilingual
proficiency; about where bilinguals could name only about 40-50% as many pictures in

the nondominant-language as in the dominant-language (see Figure 2; a bilingual with

an index score of .5 can only name half as many pictures in the nondominant as in the
dominant language). Previous studies reported that only balanced bilinguals benefit from the
either-language scoring procedure (Gollan et al., 2007; 2010; Kohnert et al., 1998), but the
present study suggests the effect might apply more broadly to different types of bilinguals
(similar issues arise in assessment of bilingual children; Bedore & Pefia, 2008; Bedore et al.,
2012; Bialystok et al., 2010).

Importantly, we did not encourage bilinguals to use either language auring testing.

That is, we tested bilinguals in the dominant language first to minimize interference
between languages since the dominant language is more affected by testing order than

the nondominant language (Branzi et al., 2014;2016; Wodniecka et al., 2020) 5. This is

very different from inviting bilinguals to use either language during testing, which would
encourage voluntary language switching, and could reduce naming scores in some bilinguals

SCalabria et al., (2017) and Salvatierra et al., (2007) counterbalanced testing order which introduces yet another factor that could have
led to the difference in results found across studies.
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(Sheppard et al., 2016). This may introduce language control requirements that could affect
the dominant language more than the nondominant language (de Bruin et al., 2020; Gollan
& Ferreira, 2009; Gollan et al., 2014; Kleinman & Gollan, 2016), and might be especially
affected in bilinguals with AD who have impaired executive function. Investigation of a “use
either language aduring testing” instruction is needed to fully characterize how AD affects
bilingual naming abilities. Finally, while testing in the nondominant language seems to be
less sensitive than testing in the dominant language for detecting AD, different outcomes
might be found with tasks that magnify rather than minimize interference between languages
(e.g., reading aloud paragraphs written primarily in the nondominant language with some
switches to the dominant language; Gollan et al., 2017; 2020).

Study Limitations

The present study adds to a growing literature on how AD affects bilinguals’ ability to
speak two languages, but many important questions remain unanswered. First, the results
we reported await verification when the naming test is administered in counterbalanced
testing order (dominant first, nondominant first), with an invitation to mix languages freely
(to measure “either-language” production in a naturalistic way), and giving participants an
opportunity to name every picture (without a stopping rule after 6 failed items; we assumed
that most non-administered items beyond the stop point would have been failed to the same
extent across languages and across groups, but this is an empirical question). Second, better
powered studies are needed to consider if the results we reported might vary with language
dominance (see Table 2). We had a relatively small number of participants (especially
Spanish-dominant bilinguals) and therefore could not conduct separate analyses by language
dominance groups. A notable constant across all studies reviewed above and the present
study is that no cross-sectional comparison has ever found a significantly greater AD effect
in the nondominant than in the dominant language.

Conclusions

We agree with an emerging consensus in the literature that AD affects bilinguals’ ability
to speak in both languages. However, characterization of such impairments as “parallel”
is likely misleading. Since it is impossible to know which words bilinguals knew prior

to developing cognitive impairment (similar problems arise in bilingual aphasia; Pefialoza
et al., 2019), naming scores in the nondominant language provide noisier signal, and in
this respect only longitudinal studies can deliver a more definitive answer to the question
“which language declines more?”. However, until more is known about how testing in the
nondominant language might be useful for distinguishing bilingual patients with AD from
controls, testing primarily in the dominant language continues to be the best choice for
diagnostic purposes.
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Key points
Quiestion:

Alzheimer’s disease (AD) makes it more difficult to find words when speaking but it is
not known which language is more affected by the disease in bilinguals.

Findings:

The present study showed that older Spanish-English bilinguals with AD had trouble

accessing names in both languages, but in the dominant language difficult items were
more affected by AD than easy items while in the nondominant language the effect of
AD was similar across all item difficulty levels.

Importance:

Though both languages are affected by AD a key practical finding was that testing in
the dominant language, or using an “either language” scoring procedure, was best for
distinguishing patients from controls.

Next Steps:

Follow up studies with experimental manipulations of item difficulty and longitudinal
studies are needed to better identify how each language is affected by AD in bilingual
speakers.
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Figure 1.

Probability of a correct naming response by difficulty (item number) for AD versus controls,
plotted separately by dominant versus nondominant language. AD represented with a dashed
blue line with individual means plotted as circles. Controls are represented by black solid
lines, with individual means plotted as triangles.

Neuropsychology. Author manuscript; available in PMC 2024 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Gollan et al.

either language scoring benefit >

(@}

either language scoring benefit

© Alzheimer's
A Controls
Alzheimer's
~Controls . LI

.00

& & Ao & & O [~} L

.0 20.0 40.0 60.0 80.0
Percent Current Use Nondominant Language

Figure 2A-D.

either language scoring benefit @

O

either language scoring benefit

Page 19

&a0caaa Ao AO o

.00 25 .50 75 1.00 1.25

Self Rated Proficiency Bilingual Index Score

O 0 00 O 00 Osaaxats

60 80 100 120 140
Dementia Rating Scale

The number of additional pictures named correctly when crediting any picture named

in either language versus just in the dominant language plotted relative to (A) bilingual
index calculated using MINT scores (nondominant/dominant = 1 = perfectly balanced
bilingual; scores slightly above 1 indicate a score that is slightly lower in the language
participants preferred for neuropsychological testing), (B) bilingual index scores calculated
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Figure 3.

Receiver operating characteristic (ROC) curves classifying all bilinguals as AD vs. all
cognitively healthy controls using different approaches to scoring naming responses
including pictures named correctly when using the either language scoring procedure, in
the dominant language only, in the nondominant language only, and in both languages.
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