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Abstract

Extended Abstract

Obijectives: Given the public health crisis that Alzheimer's disease (AD) has become
(Naylor et al., 2012), neuropsychological assessment tools that provide timely and accurate
identification of cognitive decline in older adults have gained increasing focus in the scientific
literature. Accurate evaluation of cognitive function and early identification of cognitive changes
are paramount to understanding the disease course of AD and improving effective treatments and
patients' quality of life. To this end, language offers a cognitive neuropsychological approach to
identifying cognitive decline in the early stages of AD. Moreover, it represents a multi-dimensional
variable that may influence the neuropsychological test performance of older adults due to its
potential contribution to cognitive reserve. Therefore, the present thesis aims at combining two
aspects of language to explore its potential in the early detection of AD and its association with
neuropsychological test performance in older adults and cross-cultural neuropsychology. Study 1
assessed the currently available studies to explore whether discourse processing, particularly
macro-structural discourse comprehension, offers a novel approach to neuropsychological testing
in distinguishing normal cognitive aging from AD pathology-related decline. Study 2 evaluated
the results of the studies that examined the impact of bilingualism on neuropsychological test
performance in monolingual and bilingual older adults to inform the neuropsychological
evaluation of these groups in clinical practice. Study 3 investigated the influence of bilingualism
and its associated factors, namely, cultural background and acculturation, on cognitive screening
tests in three clinically diagnosed AD patient groups to identify a cross-culturally/linguistically

appropriate measure of cognition.

Method: Data of Study 1 and Study 2 were based on the original research studies published

in English investigating discourse comprehension and bilingualism in healthy older adults,

Vi



Abstract

individuals with mild cognitive impairment (MCI), and AD. A literature search focusing on these
topics with participant groups aged 60 years and over was conducted in PubMed, Web of Science,
and PsycINFO databases. Study 1 included eight articles consisting of studies only with cross-
sectional designs. Study 2 was comprised of twenty-seven articles, of which sixteen articles had
cross-sectional designs. On the other hand, Study 3 was original research based on a cross-
sectional design targeting culturally/linguistically diverse patients diagnosed with AD.
Specifically, the study sample consisted of Turkish immigrant (n=21, M £ SDage =71.62 £7.41)
and monolingual, non-immigrant German (n=20, M £ SDage =74.70+7.50) and Turkish (n=24, M
+ SDage=70.33£7.73) patients with AD. All participants were administered the Mini-Mental State
Examination (MMSE), Rowland Universal Dementia Assessment Scale (RUDAS), a dementia
severity rating scale, and a self-report measure of depression. Additionally, self-report measures

of bilingualism and acculturation were conducted with Turkish-immigrant participants with AD.

Results: Study 1 revealed that people with AD and MCI have significant deficits in
discourse comprehension, which are not observed in cognitively normal older adults of any age.
On five of six discourse comprehension measures, groups with AD were significantly worse than
healthy older adults, with one measure yielding mixed findings. Furthermore, compared to the
cognitively healthy groups, individuals with MCI showed significant performance deficits in
discourse comprehension measures similar to those with AD. Study 2 indicated better performance
for bilingual older adults on executive function tests when compared to their monolingual
counterparts. On the other hand, bilinguals were found to perform poorer than monolinguals on
tests assessing the language domain. However, these findings did not remain robust when the
impact of bilingualism on test performance was investigated longitudinally. Lastly, Study 3

provided further evidence on the linguistic and educational bias of the MMSE when employed in

VI
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culturally and linguistically diverse individuals with AD. Bilingualism was linked to better
performance on the MMSE in the Turkish immigrant group. German patients with AD obtained
higher scores on this test than the other two groups. Furthermore, RUDAS was shown to be a better

alternative for assessing global cognition in German and Turkish individuals with AD.

Conclusion: The macro-structural discourse comprehension assessment paradigm has
shown promising results in identifying the preclinical stages of AD. Further research on this
paradigm may help develop a diagnostic tool with a clinical value that can be utilized for
differential diagnosis, predicting conversion from MCI to dementia in research and clinical
settings. On the other hand, another aspect of linguistic skills, namely, the evaluation of research
on the link between bilingualism and neuropsychological test performance, did not provide
definitive answers to the question of bilingual advantages and disadvantages addressed in the
second study due to methodological challenges in the field. However, it identified a comprehensive
and critical list of clinically and empirically relevant bilingualism-associated variables which may
guide future research and neuropsychological practice. In light of the Study 2 findings, Study 3
filled an important gap in the literature by exploring cultural, demographic, and immigration-
related factors that may influence neuropsychological testing experiences in Germany. The study
findings may help the field of cross-cultural neuropsychology serve culturally and linguistically
diverse populations more efficiently. Overall, the present thesis contributed to the literature by
highlighting the importance and potential of linguistic abilities in the clinical diagnosis and

neuropsychological evaluation of individuals with dementia.

Keywords: Discourse, Comprehension, Language, Bilingualism, Neuropsychological Assessment,

Alzheimer’s disease, Mild cognitive impairment, Aging, Immigration, Racial/ethnic minorities.
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Chapter 1-General Introduction

1. Chapter 1 — General Introduction

The rise in life expectancy increases the average age of the older adult population, thus, growing
the incidence and prevalence rates of Alzheimer’s disease and other dementias. Dementia is one
of the most common diseases in the older population. It has become a major cause of concern
internationally due to its substantial effect on informal, social, and health care costs, particularly
in view of changing demographic patterns (Wimo et al., 2017). In 2010, 35.6 million people were
predicted to live with dementia, and this number is projected to double in 20 years and to reach

115.4 million in 2050 (Prince et al., 2013).

Among dementia subtypes, Alzheimer’s disease (AD) is the most prevalent form of dementia,
making up 60% to 80% of cases (2020 Alzheimer's disease facts and figures," 2020), with fewer
than half being pure AD and the majority estimated to be mixed dementias (DeTure & Dickson,
2019). AD has been predicted to affect 4.4% of individuals aged 65 years and over in the European
population, based on the pooled data of population-based studies (Lobo et al., 2000). The
prevalence and economic burden of AD lead to a shift in focus of research towards
neuropsychological detection and characterization of cognitive deficits in the earliest stages of AD
since neuropsychological assessment helps provide reliable cognitive markers of AD that are
essential for early diagnosis (Weintraub, Wicklund, & Salmon, 2012). Early diagnosis is critical
to benefit from treatments that can help manage symptoms in people with dementia and provide

preventive strategies that may reduce the risk or postpone the clinical onset of AD.

Memory decline and impairments in other cognitive domains, including executive functions and
language, are core features of AD and its preceding stage of mild cognitive impairment (MCI;
Budson & Solomon, 2015). Memory and executive functions in MCI and AD have been widely

studied using neuropsychological and brain-imaging measures in relation to the differentiation
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between MCIl and AD (Bondi, 2002; Kirova, Bays, & Lagalwar, 2015; Traykov et al., 2007).
However, language functions can be a more sensitive indicator of early cognitive deficits in AD
and provide valuable information to assist in clinical diagnosis and monitoring of disease
progression, as language deficits are frequently observed in the very early stages of AD (Taler &
Phillips, 2008). On the other hand, another perspective on language in AD, that is, constant use of
two or more languages is considered as a cognitively stimulating activity that may help to
counteract the adverse effects of cognitive decline or dementia and delay the onset of AD
(Bialystok, Craik, & Freedman, 2007). This potential impact of bilingualism on cognitive
functioning has important clinical implications for neuropsychological detection of AD, as it points
out that performance on neuropsychological tests that provide diagnostic information for, and
differential diagnosis of dementia is susceptible to environmental and experiential factors. As one
of those environmental factors, the effect of culture on cognition poses an additional significant
challenge to the studies of bilingualism in relation to neuropsychological testing when the primary
language of the participants is different than English, and they come from a culturally diverse
background than the Western culture where the tests were developed and validated (Chan, Shum,
& Cheung, 2003). To this end, culturally and linguistically appropriate assessment of cognitive
functioning becomes of utmost importance to deliver competent neuropsychological services and

to provide reliable research results in ethnically or linguistically diverse populations.

In light of these considerations, this thesis brings together two areas of dementia research relevant
to language; language-related aspects in the assessment of cognitive deterioration in patients with
MCI and AD and culturally/linguistically appropriate neuropsychological assessment tools for the
accurate characterization of cognitive profile in AD. Language is a primary source of cross-cultural

heterogeneity, which can affect cognition in both minor and substantial ways (Calvo, Ibafez,
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Mufioz, & Garcia, 2018). However, the importance of language and its associated variables in the
diagnostic process of dementia-related cognitive impairments have been largely ignored in two
growing lines of research, namely, bilingualism and language deficits as AD markers. Therefore,
the overarching aim of this thesis is to foster progress in these fields by assessing the available
findings and providing evidence as to the potential impact and implications of these topics on
research and clinical practice. More specifically, this thesis seeks to elucidate the role of language
in the prodromal and dementia stages of AD and underscore the importance of its features for a

more reliable cognitive characterization of AD in clinical and research settings.

Study 1 summarizes available research on a specific language deficit in AD, precisely, discourse
comprehension, to evaluate its potential as a novel approach in neuropsychological testing. Study
2 gives an overview of studies investigating performance on neuropsychological tests used to
assess dementia in bilingual older adults in order to provide directions for neuropsychological
assessment of these individuals in clinical practice. This study also sheds light on factors that come
along with bilingual experiences, such as cultural background, immigration status, and language
of test administration, and discusses their impact on the outcome of studies. The study population
of this review was in particular, people with cognitive deficits affected by dementia to
comprehensively assess and present findings with regard to the effects of bilingualism on test
performance as participant groups in this research topic involved both people with AD and other
types of dementia. Study 3 shifts the focus onto an alternative neuropsychological test for the
assessment of dementia that is less affected by the factors outlined in the second study and can be
applied to people from diverse language and cultural backgrounds. These three individual papers
examine whether language profiles in older adults help determine a more sensitive assessment tool

for the clinical detection of dementia The primary focus of this thesis is on Alzheimer’s type
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dementia as the study populations of Studies 1, and 3 are primarily patients with AD, and the

participant groups of Study 2 commonly involve individuals diagnosed with AD.

The introduction part of the thesis begins with an overview of the definition of AD and MCI due
to AD and their biomarkers, diagnostic criteria, and risk factors. Thereafter, it provides a summary
of neuropsychological aspects of language impairments in AD and its preceding stage of MCI
using standardized and non-standardized language measurement tools. It highlights the utility of
discourse comprehension as a predictive linguistic marker of MCI and AD. Then, it addresses
another aspect of language abilities in AD: the benefits and challenges of bilingualism in cognitive
aging and its implications for neuropsychological testing. The aims, research questions,
methodological approaches, and the study design of this thesis are summarized in Chapters 2, 3,
and 4. Finally, the thesis concludes with a general discussion of the study findings, their

implications for theory and practice, and future directions.

1.1. Pathological Cognitive Aging: Alzheimer’s Disease as a Continuum from

a Preclinical State of Mild Cognitive Impairment to Dementia

AD is an age-related multi-factorial neurodegenerative disease, characterized by several
neuropathological markers and gradually deteriorating cognitive abilities that influence
individuals’ activities of daily living (McKhann et al., 2011; Rentz et al., 2013; Sperling et al.,
2011, Sperling, Karlawish, & Johnson, 2013). The neuropathological features underlying AD are
marked as the accumulation of beta-amyloid protein in plaques and tau deposition in
neurofibrillary tangle (Jack et al., 2011; Jack et al., 2013). Additional neuropathological features
in AD include loss of neurons and synapses, reactive microgliosis, white matter decline, and
granulovacuolar degeneration (Hyman et al., 2012). The earliest changes in amyloid plaques and

neurofibrillary tangles that are associated with the neuropathology of AD generally appear in
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medial temporal structures, including, the hippocampus and entorhinal cortex (Braak & Braak,
1991; Drachman, 2006). These structures affect the neural network for episodic memory which is
essential for the recall and acquisition of new information (Braak & Braak, 1991; Drachman,
2006). Thus, memory loss is considered the most common and prominent clinical hallmark of AD,
along with impairments in at least one other cognitive domain, namely, language deficits,

visuospatial difficulties, and executive dysfunction (McKhann et al., 2011).

Although beta-amyloid plaques and neurofibrillary tangles are the two main features of AD
pathology, most AD patients have numerous pathologies and various forms of brain
proteinopathies (Molinuevo et al., 2018). For instance, since cerebrovascular pathology becomes
more prevalent with age, approximately 30% of AD patients show concomitant cerebrovascular
disease (Toledo et al., 2013). On the other hand, nearly 40% of patients who have dementia with
Lewy bodies have AD pathology, as evident from cerebrospinal fluid (CSF) biomarkers (Lemstra
et al., 2017). Given the heterogeneity observed in this disease, a definitive diagnosis of AD is only

achieved through a post-mortem verification of neuropathological hallmarks (Humpel, 2011).

Biomarkers have been a key component of understanding the biology of AD. A descriptive
biomarker classification system has been proposed to be used as an effective and unbiased tool in
cognitive aging and AD research (Jack et al., 2016). For this classification system, seven key AD
biomarkers have been grouped into three binary categories depending on the pathophysiology that
each assesses using the “A/T/N” system. In this “A/T/N” system (Jack et al., 2016), “A” indicates
the value of an amyloid-beta biomarker (amyloid PET or CSF amyloid-beta 42), “T” stands for the
value of a tau biomarker (CSF phospho tau, or tau PET) and “N” for the biomarkers of
neurodegeneration (fluorodeoxyglucose—PET, structural MRI, or CSF total tau). Positive or

negative ratings are assigned to each biomarker category in this system. With this framework,
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individuals are categorized as positive (+) or negative (—) for A, T, and N, resulting in eight
potential A/T/N profiles. This system has been developed to employ validated biomarkers to
distinguish AD from non-AD causes of cognitive impairment at the individual level. Thus, it
classifies the AD spectrum based on its biological manifestations rather than clinical assessments

of cognitive status.

Recent advances in biomarkers have resulted in a growing recognition that AD is a
multidimensional process on a continuous continuum rather than a distinct and defined clinical
stage (Aisen et al., 2017). Since pathopsychological changes in AD occur several years before the
clinical manifestations of the disease, AD is considered a biological and clinical continuum
encompassing both the preclinical (asymptomatic individuals with signs of AD pathology) and
clinical (symptomatic) phases of the disease. Thus, efforts have been undertaken to capture the
disease continuum by taking into account multiple components, namely, pathophysiological
processes, biomarker findings, and clinical symptoms. The clinical classification of the AD
continuum includes cognition and function trajectories, with cognitive impairment occurring
before and predicting functional impairment. More specifically, this process has been suggested as
the accumulation of pathopsychological changes at first, which then proceeds with progressive
loss of cognitive and functional skills, resulting in no clear boundaries between different clinical

stages.

These developments and the resulting progress in understanding the AD continuum have caused
several changes to the diagnostic criteria. The main criteria for the diagnosis of AD have been the
National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer’s
Disease and Related Disorders Association (NINCDS—-ADRDA) criteria, since 1984 (McKhann et

al., 1984). Significant scientific progress during the last few decades gave rise to a revision of these
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diagnostic criteria for AD-type dementia (Jack et al., 2011). The new criteria; published by the
National Institute on Aging-Alzheimer’s Association (NIA-AA) in 2011, defined AD as a clinical-
biomarker construct where biomarkers are utilized to help with diagnosis, but the clinical diagnosis
was still required (Ahmed, Ahmed, & Imtiaz, 2021). Furthermore, it brought changes in
conceptualization with regard to the clinical spectrum of the disease and characterized not only the
dementia stage of AD with diagnoses of “possible”, “probable,” and “definite” Alzheimer’s disease
(McKhann et al. 2011), but acknowledge a broader spectrum of cognitive aging (Albert et al.,
2011). A transitional state between normal cognitive aging and dementia, named “mild cognitive
impairment” (MCI), has been introduced to this spectrum (Albert et al., 2011). MCI has been
shown as a valuable label in clinical settings for identifying people who are at risk of progression
to AD (Reitz & Mayeux, 2014). However, three different stages (Preclinical, MCI, and Dementia)
specified by NIA-AA in the 2011 criteria were amended in 2018 and the new framework identified
AD as a biologic construct detected by biomarkers in the individual (Ahmed et al., 2021; Jack et
al., 2018). This has resulted in blurred boundaries between the distinct phases of AD (Jack et al.,
2018). Thus, these phases have been transformed into a continuum that may be detected in
preclinical stages utilizing biomarkers A, T, and N categories (Figure 1). However, since this new
framework suggested a biological rather than clinical definition of AD for use in clinical research,
it has been criticized for not taking into account both clinical (e.g., impaired cognition) and

biomarker evidence (amyloid and tau pathology) to support a diagnosis (Dubois et al., 2021).

The operational definition of MCI has received many revisions and is still an evolving diagnosis
(Vega & Newhouse, 2014). As MCI research advanced, it became evident that there are numerous
clinical subtypes of the condition, each with various underlying etiologies (Vega & Newhouse,

2014). According to the revised Mayo Clinic Criteria in 2003 (Petersen et al., 2014; Winblad et
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al., 2004), performance impairments on neuropsychological tests of episodic memory were
classified as amnestic MCI (a-MCI), whereas, lower performance on neuropsychological tests of
non-memory domains of cognition was categorized as non-amnestic MCI (na-MCI). These
impairments were suggested to be restricted to a single cognitive domain (MCI single domain) or
to multiple domains (MCI multiple domains). In 2011, the NIA-AA suggested criteria, particularly
for MCI due to AD, to identify people who are symptomatic but not demented and have AD as the
underlying cause (Vega & Newhouse, 2014). Therefore, a-MCI closely mimics the neurobiological
profile of clinically diagnosed AD. Furthermore, individuals with a-MCI and those diagnosed with
AD have numerous characteristics in common, including cognitive, behavioral, and
neuropsychological test performance, as well as genetic, neuroimaging, and CSF biomarker
characteristics (Tarawneh & Holtzman, 2012). In line with these findings, in a meta-analysis of 33
MCI studies, multiple domains and single domain a-MCI were more likely to evolve to AD,
whereas, multiple and single-domain na-MCI had a low likelihood of progressing to AD (Oltra-
Cucarella et al., 2018). In sum, categorization of MCI into subtypes has been considered helpful
in establishing more homogeneous groups to address predictive accuracy for dementia. However,
it has also been argued that findings from progression to AD show variety when data is categorized
by community vs. specialist clinic patients (Tahami Monfared, Byrnes, White, & Zhang, 2022).
For this reason, the clinical utility of MCI subtypes in predicting who would develop dementia
remains unclear (Glynn et al., 2021), and the incorporation of biomarkers estimates into the

diagnostic process is recommended to overcome the limitations (Tahami Monfared et al., 2022).
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Figure 1- Reprinted from Aisen etal. (2017): Change in biomarkers over time. a. A change in measures of AD over time. b. Modified
graph indicating that, although changes in cognitive performance, FDG-PET, tau PET, and MRI atrophy follow a consistent,
progressively steepening curve, amyloid accumulation begins early, and functional deterioration emerges later in the continuum
of AD (as before). 4 amyloid beta, FDG fluorodeoxyglucose, PET positron emission tomography, MCI mild cognitive impairment

due to Alzheimer’s disease.

1.1.2 Diagnostic Criteria and Risk Factors for MCI due to Alzheimer’s

Disease and Alzheimer’s Disease

Several different diagnostic criteria exist to be used for AD. The most commonly used two
diagnostic criteria for AD are the Diagnostic and Statistical Manual of Mental Disorders (DSM;
Edition 5) and the National Institute on Aging- Alzheimer’s Association Criteria, NIA-AA (Albert

etal., 2011; McKhann et al., 2011). The following are the elements of AD that each has in common
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(Budson & Solomon, 2016): the presence of dementia, impairments in two or more cognitive
domains, insidious onset, a steadily deteriorating state, and no indication of another etiology that
could significantly contribute to the dementia. On the other hand, the shared elements for MCI due
to AD in two criteria are as follows (Budson & Solomon, 2016): the presence of MCI, impairments
in one or more cognitive domains, including memory for DSM-5, and generally including memory
for NIA-AA and gradual onset and progression, no indication as to another etiology that could

significantly contribute to the MCI.

The revised criteria, namely, NIA-AA (McKhann et al., 2011), also suggest including biomarker
evidence in diagnosing AD, as opposed to the DSM-5. Two categories of biomarkers for AD
diagnosis that are currently used are markers of amyloid-beta protein deposition in the brain and
downstream neurodegeneration (e.g., elevated CSF tau, reduced metabolism in the temporal and
parietal cortex on PET, atrophy on MRI in the temporal and medial parietal cortex). However,
these biomarkers are not included in the core clinical diagnostic criteria for AD and are considered
as additional factors that help increase the certainty of an AD diagnosis (Mantzavinos & Alexiou,
2017; Weissberger et al., 2017). The recommended use of biomarker evidence to diagnose AD is
commonly applicable to research settings (Weintraub et al., 2012). This renders
neuropsychological testing a more impactful role in the early diagnostic process of AD and the

clinical diagnostic work-up as a more accessible, less invasive cognitive biomarker of AD.

The underlying cause of these irreversible pathological changes observed in AD has remained to
be understood (Reitz & Mayeux, 2014). However, it is considered that the association between
increasing age and the presence of AD may bring along the accumulative impact of multiple
protective and risk factors, such as complex interactions between genetic predisposition, biological

factors, psychosocial variables, and environmental factors (Qiu, Kivipelto, & von Strauss, 2009).
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The major risk factors for AD are the inheritance of a genetic component: APOE &4 allele and
family history of dementia in first-degree relatives, low educational attainment (Budson &
Solomon, 2016; Qiu et al., 2009). The other putative risk factors are considered as midlife high
blood pressure and high body/mass index, diabetes mellitus, cerebrovascular disease, traumatic
brain injury, female gender, smoking, and Down’s syndrome (Budson & Solomon, 2016; Qiu et
al., 2009). Recently, researchers have focused on the role of psychosocial factors in the prevention
or amelioration of clinical symptoms of AD and how these factors may mediate changes in
cognitive processes in older adults due to their modifiable potential through lifestyle and behavior
change. These are discussed in the following sections in relation to bilingualism and cognitive

1réscerve.

1.2 Language Impairment in Mild Cognitive Impairment and Alzheimer’s

Disease: Neuropsychological Aspects

Several studies have demonstrated the importance of changes in language abilities for the early
detection of AD (Szatloczki, Hoffmann, Vincze, Kalman, & Pakaski, 2015; Taler & Phillips, 2008)
as language deficits have also been indicated to appear early in the disease course in addition to
impairments in episodic memory (Cuetos, Arango-Lasprilla, Uribe, Valencia, & Lopera, 2007,
Taler & Phillips, 2008). Furthermore, the language profile of people with AD has been shown to
provide specific deterioration patterns depending on the stages of disease severity (Szatloczki et

al., 2015).

Language deficits in the early stages of AD are reported to be in lexical-semantic abilities, with
difficulties in word-finding, naming objects (e.g., anomie), and semantic paraphasias (Catricala et

al., 2015; Forbes-McKay & Venneri, 2005; Klimova & Kuca, 2016; Taler & Phillips, 2008).
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Impairments at the pragmatic level of language processing, namely, changes in discourse (e.g.,
fluent but empty speech), have also been indicated (Drummond et al., 2015; Fleming & Harris,
2008). Specifically, the changes in discourse in the early stages of AD compared to healthy older
adults have been identified by incomplete narratives and by the lack of relevant details for the
meaning of the message to be conveyed (Drummond et al., 2015). On the other hand, the syntactic
and phonological abilities of people with AD have been often shown to be intact in this stage of
the disease (Kertesz, 1994; Light & Burke, 1993). In the moderate and severe stages of AD,
impairments in verbal fluency, reduced comprehension, and difficulty in the semantic processing
of sentences have been indicated to become pervasive (Ferris & Farlow, 2013). With disease
progression into the late stages of AD, a severe language impairment has been reported to be more
prominent, with expression being limited to the repetitions of meaningless words, phrases, and
echolalia (Ferris & Farlow, 2013). Patients with aMCIl who are generally regarded to be a
prodromal stage of AD have been reported to exhibit similar patterns of language impairments to
those identified in the early disease course of AD, including lexical, semantic, and pragmatic
domains of language (Boschi et al., 2017; Taler & Phillips, 2008; Tsantali, Economidis, & Tsolaki,
2013). The similar patterns of linguistic deficits in aMCI and AD underscore the significance of
examining changes in language abilities of aMCI as a potential avenue to assist in the early
diagnosis of AD (Jokel, Seixas Lima, Fernandez, & Murphy, 2019). Measurement tools that
examine these abilities may be particularly well suited to characterizing early language
impairments in AD (Taler & Phillips, 2008). Thus, it may help provide critical information for the

early detection of AD.
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1.2.1. Standardized Neuropsychological Evaluation of Language in
Alzheimer’s Disease

Standardized language evaluation of dementia most commonly includes the assessments of verbal
fluency, naming, repetition of words/sentences, and discourse ability (the ability to comprehend

and communicate in a given language).

The verbal fluency test, which assesses the ability to produce words verbally, based on a set of
criteria in a given time, is a widely used measure of verbal functioning in the diagnosis of AD
(Taler & Phillips, 2008). This test consists of two tasks, assessing semantic and phonemic abilities
(Bertola et al., 2014), and they are referred to as category (e.g., naming as many animals as
possible) and letter fluency (generating words beginning with certain letters of the alphabet),
respectively. Verbal fluency tasks have been shown to be reliable markers of linguistic deficits in
the detection of AD (Laws, Duncan, & Gale, 2010; Lonie et al., 2009; Taler & Phillips, 2008). In
a meta-analysis of 153 studies comparing the extent of deficits on letter and category fluency tasks
in AD patients compared to healthy controls, AD patients have shown to exhibit greater
impairments on category fluency tasks than on letter fluency tasks (Henry, Crawford, & Phillips,
2004). These results suggest that semantic memory impairments are more pronounced in people

with AD, since the category fluency task is more reliant on semantic memory (Henry et al., 2004).

Similarly, in another study examining verbal fluency task performance in AD, aMCI and healthy
controls, aMCI and AD patients have shown to be more impaired on the category fluency task than
healthy older adults (Murphy, Rich, & Troyer, 2006). On the other hand, letter fluency
performance was relatively intact in the a-MCI group. Numerous studies conducted with MCI
patients have shown poorer performance on the category fluency task in individuals who converted

to dementia than those who did not develop dementia (Taler & Phillips, 2008). For this reason,
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verbal fluency performance has been considered as a potential prognostic predictor for AD and a
diagnostic indicator for MCI (Maseda et al., 2014; Taler & Phillips, 2008). However, various
methods of administration and analysis have been introduced for verbal fluency tasks, including
the count of repetitions, errors, and calculation of scores in every 10 seconds of the tasks. There
remains a lack of consistency regarding which methods of administration and analysis of this test
are the most valid for obtaining the most accurate diagnostic information (Bertola et al., 2014;

Hall, Harvey, Vo, & O'Bryant, 2011).

Word-finding difficulty is one of the most prominent symptoms of AD (Fisher, Rourke, &
Bieliauskas, 1999). Impairments in this domain are commonly investigated through
confrontational naming or word retrieval tests. The Boston Naming Test (BNT; Kaplan,
Goodglass, & Weintraub, 1983) is a widely used test for evaluating confrontational naming in AD.
BNT comprises 60, 30, or 15 (depending on the version of the test) line drawings of objects with
varying levels of difficulty, ranging from everyday objects (e.g. tree) to less familiar objects (e.g.
abacus). Patients are asked to recall the shown drawings verbally and spontaneously within 20
seconds, and in case of no response, they are given two types of prompting cues, namely phonemic
and semantic. In studies examining BNT performance in AD, aMCI and healthy controls, AD
patients have been found to perform poorer than aMCI patients (Balthazar, Cendes, & Damasceno,
2008; Choi et al., 2016; Willers, Feldman, & Allegri, 2008), whereas aMCI and healthy controls
had similar total BNT scores (Balthazar et al., 2008; Willers et al., 2008). However, the diagnostic
utility of the BNT in the early detection of AD has been shown to be controversial after taking into
consideration of performance on the delayed recall impairment measures (Testa et al., 2004).
Furthermore, since correlations between the BNT and category fluency have been found to be

stronger than letter fluency (Henry et al., 2004), the verbal fluency task has been considered to be
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a more sensitive measure of semantic deterioration in the disease course of AD due to its additional

involvement in executive function (Sala, Lorenzi, Spinnler, & Zuffi, 1993).

Discourse ability is routinely assessed by picture description tasks in patients with AD in order to
gain insight into patients’ ability of naming, sentence production, or comprehension in a connected
speech context (Cummings, 2019). A frequently used standardized test for this domain in AD is
the “Cookie Theft Picture” from the Boston Diagnostic Aphasia Examination (Goodglass, Kaplan
& Weintraub, 2001). In this task, participants are shown a picture of a scene taking place in the
kitchen with two children and a mother. Then, participants are asked to report a series of events
depicted in this picture. A number of studies have demonstrated that individuals with mild AD
often produce shorter texts/narratives than healthy controls with repetitions, words containing
empty content, and fewer relevant details (Sajjadi, Patterson, Tomek, & Nestor, 2012; Taler &
Phillips, 2008). However, it has been suggested that the Cookie Theft Picture has little benefit over
other language assessment tools, such as verbal fluency or the BNT in discriminating between
different stages of AD, mainly in distinguishing MCI patients from healthy controls (Bschor, Kiihl,

& Reischies, 2005).

1.2.2. Non-Standardized Measures of Language in Alzheimer’s Disease

Research on language performance of individuals with MCI and AD using non-standardized
measures is relatively scarce as extant literature has been mainly focused on various aspects of
language abilities in these groups by employing standardized tests of language functions (Taler &
Phillips, 2008). The focus of studies investigating the language profile of MCI and AD patients
with non-standardized measures of language functioning ranges from individual words and
sentences to discourse processing. Among these, discourse processing has received substantial

attention in language and aging research. It has been indicated as a valuable source for detecting
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language deterioration in dementia since it is a natural form of communication (Drummond et al.,
2019). Furthermore, it requires a high-order linguistic ability and a broad range of cognitive
functions, including the administration of lexical-semantic operations, memory, organization,
planning of information, and interpretation of meanings (Chapman et al., 2004; Copland, Chenery,
& Murdoch, 2002; Duong, Giroux, Tardif, & Ska, 2005). These abilities have been shown to be
impaired in individuals with AD to some extent (Duong et al., 2005); thus, a few studies have
suggested the inclusion of discourse processing in the diagnostic process (Ehrlich, 1994; Orange

& Kertesz, 2000).

Age-related difficulties in discourse processing have been linked to declines in cognitive
processes. Over the last two decades, several theoretical approaches have been proposed to
elucidate age-related changes in this domain. More specifically, the information-universal theories
suggest that declines in general cognitive abilities such as processing speed, working memory, and
inhibitory function contribute to language impairments in old age (Burke, MacKay, & James,
2000). In contrast, the information-specific theories focus on the particular changes in linguistic
representations and their connections in the brain, which may cause the weakened interplay
between comprehension and production. Among four leading theoretical approaches, three types
of theories suggest that deterioration in linguistic abilities of older individuals is due to their
diminished cognitive ability (information-universal factor). These three theories have addressed
the poorer performance in discourse processing in old age in relation to generalized cognitive
slowing (Salthouse, 1996), working memory deficits that impact storage and manipulation of
information (Miyake, Just, & Carpenter, 1994), or to weakened inhibitory processes for the
irrelevant information (Hasher & Zacks, 1988; Zacks & Hasher, 1997). On the other hand, a fourth

approach, the transmission deficit hypothesis, has postulated that the impairments in older
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individuals® language ability may be information-specific and hence influenced by linguistic
characteristics (Burke, MacKay, Worthley, & Wade, 1991). According to this theory, the decline
in language capabilities among older individuals is caused by a weakening connection between the
semantic and phonological levels (or the orthographic levels) in the language system. The strength
of connections between these systems degrades with time as individuals age (Abrams & Farrell,
2011; Burke & Mackay, 1997; MacKay & Burke, 1990), which affects the speed and quantity of

activation that is conveyed across the systems.

These three theories, mainly, generalized deterioration, working memory and inhibition deficit
theories have received criticism due to their information-universal nature. For instance, numerous
studies have revealed that language production ability in older individuals deteriorates more
significantly than comprehension ability, pointing to an asymmetric pattern, instead of a
generalized deterioration in this domain (Burke et al., 2000). Several studies have also provided
evidence that the inhibitory deficit plays a role in impairments related to language comprehension
and production (Burke & College, 1997). Similarly, working memory impairment has been
indicated as a factor that compromises the ability to comprehend discourse (De Beni, Borella, &
Carretti, 2007). In sum, both information-specific and information-universal factors have been
shown to contribute to the deterioration of linguistic ability(Wu, Yu, Wang, & Zhang, 2020).
However, studies in this field have shifted to prioritize empirical findings over the development of
theories for understanding the patterns of change in this domain in old age (Burke et al., 2000).
Overall, the theories on the nature of age-related changes in language have been discussed within
broad frameworks instead of the systematic development of a theoretical approach (Thornton &

Light, 2006).
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Discourse processing is generally analyzed along two dimensions, namely, micro-linguistic and
macro-linguistic levels. The micro-linguistic dimension of analysis is a study of language on a
small scale, focusing on phonetic, phonological, morphological, and grammatical skills that are
required to form words and sentences (Messer, 2017). On the other hand, the macro-linguistic
dimension analysis addresses the speaker’s ability to comprehend relevant information and/or
generate the central theme of a narrative discourse or the gist of a conversation by connecting
sentences in a cohesive, coherent way (Messer, 2017). The patterns of micro-and macro-structural
processing impairments have been mainly investigated using experimental tasks in one component
of discourse processing, namely, discourse production (de Lira, Ortiz, Campanha, Bertolucci, &
Minett, 2011; Fleming, 2014; Fleming & Harris, 2008, 2009; Harris, Kiran, Marquardt, & Fleming,
2008). In these tasks, participants were either asked to describe how they would spend their time
in New York in case they went there for vacation or shown a series of pictures that depicted a story
in order for them to tell a narration described in the pictures. The micro and macro-linguistic levels
of analyses in discourse production have been found to be helpful in discriminating clinical
populations, namely in studies comparing MCI and healthy control groups or AD and healthy older
adult groups (de Lira et al., 2011; Fleming & Harris, 2008; Harris et al., 2008). However, another
aspect of discourse processing, namely, discourse comprehension, is also a crucial part of
communication as extracting meaning from a speech or a text is necessary for daily life activities
and quality of life in older adults. The extant literature has demonstrated that older adults
compensate for age-related declines in discourse comprehension ability by allocating cognitive
resources differently than younger adults and by employing their linguistic expertise and world

knowledge (Messer, 2017; Wingfield & Grossman, 2006). Since this ability may be more resilient
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to healthy aging, it may offer substantial evidence for distinguishing normal cognitive aging from

AD pathology-related cognitive decline.

1.3. The Importance of New Neuropsychological Techniques for the Detection

of Language Impairments in Alzheimer’s Disease

Currently available standardized language assessments are considered relatively insensitive for
distinguishing normal brain aging from the development of AD. One of the underlying causes of
this is that the majority of language assessment tools employed in individuals with AD originate
from vascular aphasia batteries, which are not particular to neurodegenerative diseases (Pistono et
al., 2019). Another explanation for the difficulty in distinguishing healthy aging from pathological
brain aging indicative of AD is the lack of ecological validity of traditional neuropsychological
tests. Specifically, standardized language assessments are unable to account for communication
and macro-linguistic characteristics of expressive and receptive language (Pistono et al., 2019).
For instance, one study has investigated the word-finding abilities of young adults (ages 18-22
years), young-old adults (ages 58-74 years), and old-old adults (Schmitter-Edgecombe, Vesneski,
& Jones, 2000) by employing the BNT and a spontaneous discourse production test. The results
have revealed that the group of older adults performed worse than younger adults on the discourse
production task. In contrast, the performance on the BNT was more accurate in older adults than
in younger adults. These findings suggest that discourse processing tasks may yield a better
overview of language abilities that are more reflective of the actual skills required for daily life

activities or everyday conversation in older adults (Messer, 2017).

Furthermore, language impairments have been extensively studied among AD patients, but they

have not been well-understood in MCI patients (Mueller, Hermann, Mecollari, & Turkstra, 2018).
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A few existing studies have pointed out impairments in sentence or discourse-level processing in
individuals with MCI (Taler & Phillips, 2008). However, previous studies on discourse in MCI
patients provide limited understanding concerning how participants with MCI vary from
cognitively healthy participants in terms of different discourse processing outcomes (B. S. Kim,
Kim, & Kim, 2019). Considering the urgent need for sensitive measures that can detect cognitive
changes in the early stage of AD (Snyder et al., 2014), assessment tools focusing on discourse
processing in patients groups with MCI and AD when compared to cognitively healthy older adults
may be beneficial for informing the clinical diagnosis of AD at very early stages of the disease. A
systematic overview of performance on different measures of discourse processing in these groups
can reveal important information, which may help inform diagnosis and intervention. Specifically,
discourse comprehension at a macro-linguistic level in MCI patients may allow an additional layer
of information for neuropsychological testing as a critical component of discourse processing
abilities. The majority of studies that focused on aging and discourse processing have examined
the micro-linguistic level analysis of discourse comprehension (Williams, McAuliffe, & Theys,
2021). This has resulted in the characterization of particular linguistic skills in patients with AD
and MCI without providing a holistic account of the patterns of language changes along the AD
continuum. Hence, discourse comprehension at a macro linguistic level may present a novel and
ecologically valid paradigm in understanding the linguistic deterioration of the prodromal and
dementia stages of AD. A summary of available findings may help understand the importance of

this ability in the detection of AD as a potential field for future investigations.
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1.4. The Other Side of the Coin: Language as a Cognitive Reserve in Aging
and Alzheimer’s Disease

Language abilities represent two sides of the same coin to AD, offering convergent evidence to
serve as an early cognitive marker of AD and as a protective individual or environmental factor
against cognitive decline associated with AD. Accumulating evidence suggests that the
neuropathology of AD occurs decades before the appearance of AD symptoms (K. Kim et al.,
2020). Several studies have revealed that most individuals who had AD pathology and fulfilled
the clinical criteria for AD maintained their cognitive function within the normal range (Mortimer,
1997; Shaw et al., 2009; Valenzuela & Sachdev, 2006). This indicates that some individuals with
normal functioning have progressively increasing pathology (Antoniou, Gunasekera, & Wong,
2013). Variation in time between the neuropathological process and clinical manifestation of AD
is considered to be affected by individual factors or environmental exposures, such as cognitive

reserve (Jack et al., 2013; Stern, 2012).

The cognitive reserve (CR) theory was developed to explain the disparity between the burden of
brain pathology and cognitive performance. The concept of CR is characterized as resilience to the
effects of disease-related pathology and maintenance of higher function by the involvement of
compensation mechanisms in the brain despite brain deterioration (Stern, Barnes, Grady, Jones, &
Raz, 2019). CR theory postulates that specific variables boost the brain’s ability to cope with
changes or damage, alleviating its influence on cognitive performance or day-to-day function
(Stern, 2009). The primary variables or socio-behavioral proxies related to and contributing to the
improvement of CR have been suggested as education, 1Q, occupational complexity, leisure, and
physical activity (Cabeza et al., 2018; Stern et al., 2019). Of these factors, a higher educational

level has been shown as the most consistent factor associated with a higher cognitive reserve. In a
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meta-analysis of 133 studies examining the evidence of education and its influence on dementia,
higher educational levels were found to be associated with a reduced prevalence and incidence of
AD and other dementia types (Meng & D'Arcy, 2012). Additionally, the analyses of studies
focusing on the neural basis of cognitive reserve have indicated that individuals with higher
educational levels had greater brain degeneration, but this damage did not appear initially as a

poorer cognitive function (Meng & D'Arcy, 2012).

Language experience, specifically second or multiple language knowledge referred to as
‘bilingualism,’ has also recently been put forward as a contributing factor to CR as the educational
level. Several studies that compared monolingual and bilingual individuals have shown that
bilingualism was associated with a later onset of MCI (Bialystok, Craik, Binns, Ossher, &
Freedman, 2014; Ossher, Bialystok, Craik, Murphy, & Troyer, 2013) and AD symptoms
((Bialystok et al., 2007; Bialystok et al., 2014; Chertkow et al., 2010; Craik, Bialystok, &
Freedman, 2010; Woumans et al., 2014), irrespective of gender, years of education, and
immigration status (Alladi et al., 2013). Interestingly, bilingual patients with AD were shown to
experience greater brain atrophy than monolinguals, despite being matched to monolinguals with
AD for disease severity, education, and cognitive performance (Schweizer, Ware, Fischer, Craik,
& Bialystok, 2012). The authors suggest that bilingualism may provide a buffer against the
increased neuropathology or neurodegeneration before the clinical expression of the disease. One
other study carried out with cognitively healthy early and late bilinguals and monolinguals has
reported that early bilinguals had reduced CSF total-tau, which are AD biomarkers, and a lower
preclinical AD prevalence than the other groups, particularly at older ages (Estanga et al., 2017).
These results indicate that bilingualism is one factor that acts as a CR, and it may moderate the

relationship between age and CSF AD-biomarkers (Estanga et al., 2017).
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A cognitive model has been suggested to explain the protective effects of bilingualism against
cognitive aging. It has been proposed that the ability to monitor or control two (or more) languages
may lay the foundation for various language-independent cognitive benefits. Precisely, it has been
argued that increased cognitive demands associated with controlling two languages and selecting
the appropriate language in a particular context may extend to domain-general cognition,
specifically to some domains of executive functions (Abutalebi & Green, 2007). This has been
termed as ‘bilingual language control’ (Abutalebi & Green, 2007). This theory assumes that
inhibition of non-target language and monitoring for any intrusions of the other language (s) are
necessary when the target language is in use since the presence of two languages builds a mental
competition. Thereby, the constant practice in language selection and control contributes to the
executive functions of conflict monitoring, updating, interference suppression, and working
memory. This theory was supported by the structural neuroimaging studies of bilingualism in a
group of aging bilinguals. Two studies have reported that bilinguals had increased gray matter
density in regions associated with cognitive control and monitoring conflicting information, such
as in the anterior cingulate cortex (Abutalebi, Canini, Della Rosa, Green, & Weekes, 2015) and

the inferior parietal lobules bilaterally (Abutalebi, Guidi, et al., 2015), compared to monolinguals.

Further evidence came from the studies that reported the recruitment of the same neural networks
for bilingual language control and executive functions in linguistic and non-linguistic tasks
(Calabria, Costa, Green, & Abutalebi, 2018). With these findings, bilingual language control and
executive functions have been shown to be connected not only by behavior but also by neural

substrates (Voits, Pliatsikas, Robson, & Rothman, 2020).

Overall, considerable experience in controlling two languages has often been reported to enhance

the executive control system for bilinguals, particularly in older adults (\Valian, 2014). It has been
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claimed that this improvement in executive functions helps to enhance CR, which may eventually
delay the onset of dementia. Although the exact mechanisms are not well-understood, and there is
evidence to the contrary that limits the generalizability of these claims (Antoniou & Wright, 2017),
the findings regarding the impact of bilingualism on cognitive functions indicate that bilingualism
may be a potential confounding factor in neuropsychological evaluation and may obscure the
objective characterization of cognitive profiles. Therefore, there remains a question as to whether
and how these cognitive differences between monolinguals and bilinguals impact

neuropsychological test performance (Paplikar et al., 2021).

1.5. The Implications of Bilingualism for Neuropsychological Evaluation of
Older Adults

In recent years, there has been significant growth in experimental investigations aiming at
determining the effects of bilingualism on language functioning and other cognitive skills. The
effects of bilingualism on cognitive processing reveal two mechanisms that are crucial to
understanding the performance differences between bilinguals and monolinguals (Rivera Mindt et
al., 2008). Besides the model associated with competition or interference between languages, the

reduced frequency of use has been proposed as the other model specific to bilingualism.

The reduced frequency of use hypothesis, referred to as ‘weaker links’ (Gollan, Montoya, Cera, &
Sandoval, 2008) postulates that bilinguals utilize each language less frequently than monolinguals
since bilinguals divide the use between two languages. Thereby, the usage of words specific to
each language in bilinguals is less frequent than in monolinguals. Due to the strong association
between frequency of use and lexical accessibility, high-frequency words are accessible more

rapidly and correctly than low-frequency ones. The support for this account came from a study
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with younger and older Spanish-English bilinguals and English monolinguals that examined
picture-naming performance in English and Spanish (if bilingual) (Gollan et al., 2008). The
findings have revealed that bilingualism and aging were associated with a slower naming
performance, with more pronounced language group differences for low-frequency items than high
ones. Furthermore, the difference between naming times in the dominant and non-dominant

languages was shown to be more evident in the production of low-frequency words in the bilingual

group.

The weaker links and competition accounts predict poorer performance in lexical retrieval abilities
in bilingual older individuals, with different results depending upon the language dominance in
individuals (Sullivan, Poarch, & Bialystok, 2018). The weaker links account assumes that
increased experience of older adults may result in strengthened connections between lexical items
and concepts; thereby, it may help diminish language group differences. On the other hand, the
competition account suggests that language group differences persist across ages because the need

for selection and conflict resolution does not diminish with years (Sullivan et al., 2018).

Consistent with these accounts, some studies on bilingualism have shown distinct patterns of
neuropsychological test performance in comparisons of language groups or participants with
varying degrees of second language proficiency. Specifically, in a study conducted with
neurologically intact Marathi-Hindi bilingual speakers, higher levels of bilingualism were linked
to better performance on inhibitory control and executive function skills as assessed by the Color-
Trails and Stroop-Color Word Test (Kamat et al., 2012). On the other hand, in a study that
examined naming performance in both languages of Spanish-English older bilinguals, balanced

bilinguals performed worse on the BNT than unbalanced bilinguals. However, they named more
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pictures accurately in both languages when the pictures had cognate names (Gollan, Fennema-

Notestine, Montoya, & Jernigan, 2007).

In conclusion, the effects of bilingualism on executive control, verbal abilities, and brain structure
have important implications for the neuropsychological evaluation of older bilingual individuals.
Neuropsychological tests are integral to the detection and characterization of cognitive deficits and
differentiation between various brain diseases and mental health disorders. However, they are
typically developed and normed to be used in monolingual individuals (Gasquoine & Gonzalez,
2012). This leads to the use of normative data, which are applicable to monolinguals, in bilingual
groups to determine whether they perform within the monolingual range. Therefore, the use of
neuropsychological tests on bilinguals that were normed in monolinguals raises critical issues in
the competent evaluation of bilinguals since it may not accurately reflect the cognitive functioning
of bilinguals (Gasquoine & Gonzalez, 2012). And thereby, it limits neuropsychological tests’
utility in clinical practice. Considering that bilingual people make up approximately half of the
world’s population (Bhatia & Ritchie, 2006), the synthesis of findings from the effects of
bilingualism on commonly used standardized neuropsychological tests in clinical settings has
become imperative to the practice of clinical neuropsychology. Although a number of studies have
been conducted with bilingual older adults, efforts to address these performance differences in
language groups more in-depth and to incorporate bilingualism into neuropsychological evaluation

have been limited.
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1.6. Bilingualism-Related Neuropsychological Testing Considerations in Older
Adults: Immigration, Cultural and Linguistic Diversity, and Culturally

Appropriate Assessment Tools

The robustness of the cognitive benefits of bilingualism has been debated since a growing body of
studies failed to find an association between bilingualism and the advantages observed in cognitive
functions or the delayed onset of dementia. The role of bilingualism in cognitive aging and
enhanced CR are not widely acknowledged due to many confounding factors involved in this
research area (Bak & Alladi, 2016; van den Noort, Struys, & Bosch, 2019; Woumans et al., 2014).
Researchers exploring the role of bilingualism on CR, and cognitive functioning point towards the
issue of the variations in bilingual experience (Chertkow et al., 2010), the instruments employed
to measure cognitive functions (Calvo, Garcia, Manoiloff, & Ibafiez, 2015), immigration
(Quinteros Baumgart & Billick, 2018) and cultural backgrounds of participants involved in the

samples (Samuel, Roehr-Brackin, Pak, & Kim, 2018).

In studies of bilingualism and cognitive aging, the bilingual group varies from the monolingual
group not just in terms of language but also in terms of immigrant status and/or ethnic, religious,
and cultural backgrounds, which are frequently linked to significant lifestyle disparities (Bak,
2016). For instance, in several studies carried out in Canada and the USA, bilinguals were more
likely to be immigrants. In contrast, monolinguals consisted of a population that lived in the same
region for many years (Bak, 2016). This brings a potential selection bias that may result from the
“healthy immigrant effect” (Watson, Manly, & Zahodne, 2016), namely, “a self-selection in which
healthy people are more inclined to migrate” (Fuller-Thomson & Kuh, 2014). Previous research
suggests that immigrants tend to have better general health and lower mortality rates despite lower

educational levels, occupational status, and income than their native-born counterparts (Thomson,
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Nuru-Jeter, Richardson, Raza, & Minkler, 2013). Hence, the “healthy immigrant effect” may have
contributed to the cognitive advantages associated with bilingualism in some studies (Hill, Angel,
Balistreri, & Herrera, 2012). Indeed, a few studies have shown an association between immigrant

status and better cognitive functioning (Hill et al., 2012; Kopec, Williams, To, & Austin, 2001).

On the other hand, it has been argued that the health advantages associated with immigrant status
may diminish with time spent in the host country (Antecol & Bedard, 2006; Lopez-Gonzalez,
Aravena, & Hummer, 2005). More specifically, it has been suggested that the health conditions of
immigrants may deteriorate over time due to the stress associated with language acquisition and
new cultural contact or working in substandard conditions. Consequently, acculturative stress and
working conditions may indulge in risky health behaviors such as smoking and poor dietary habits
in the immigrant population (Kaestner, Pearson, Keene, & Geronimus, 2009; Markides & Gerst,
2011). This argument has also been supported, with findings showing a significant association
between smoking status and cognitive decline in Mexican Americans (Collins, Sachs-Ericsson,
Preacher, Sheffield, & Markides, 2009). Further studies carried out with immigrant and non-
immigrant groups point to either no evidence of immigration advantage on cognitive function
(Kavé, Eyal, Shorek, & Cohen-Mansfield, 2008; Sheffield & Peek, 2009) or worse cognitive
functioning in immigrant groups (Black et al., 1999). Overall, there is still considerable ambiguity
with regard to whether and how immigrant status and cognitive functions are linked (Xu, Zhang,
& Wu, 2017). However, acculturation has been proposed as a crucial factor and a way to
comprehensively measure immigration to gain a better insight into the cognitive changes

associated with immigration (Xu et al., 2017).

Acculturation is broadly defined as intercultural adaptation processes with psychological and

cultural changes due to prolonged contact with a new host culture (Berry, 1997). Alternatively, it
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has been described as a phenomenon having two distinct dimensions, with adapting to the host
culture and maintaining one’s own culture (Ryder, Alden, & Paulhus, 2000). The acculturation
processes are categorized as integration, marginalization, separation, and assimilation based on the
individual’s cultural identity maintenance and participation with the host country (Berry, 1997).
These acculturation outcomes have been helpful in explaining the within-group variability reported
in neuropsychological test performance between ethnically diverse individuals (Ferraro, 2016;
Moyerman & Forman, 1992). For instance, a recent systematic review that included 21 studies
investigating the impact of acculturation on neuropsychological test performance has reported that
in some studies, higher adoption toward the host culture (e.g. integration) was associated with
better test performance beyond the effect of education and age (Tan & Burgess, 2020). However,
the construct of acculturation has several domains (e.g., language, ethnic identity) and
dimensionality that render it challenging to understand what constitutes cognitive tests with respect
to acculturation. Although some studies demonstrated that the language components of
acculturation had a considerably larger influence on test performance (Arentoft et al., 2012;
Hasson, Wu, & Fine, 2019), using a multi-domain approach to measuring acculturation is
necessary for a complete understanding of which elements of acculturation are connected to test

performance.

Immigration also creates an increasing demand for neuropsychological testing in relation to the
provision of culturally competent neuropsychological services to ethnically diverse individuals.
Due to the increase in international migration, the potential impact of bilingualism on cognitive
functions is further complicated by the addition of the cultural background of the participants
involved in the samples. Culture has been recognized as one of the most critical potential

confounding variables in studies evaluating the bilingual advantage hypothesis, since several
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studies have examined groups that vary in cultural and linguistic backgrounds, with bilinguals
consisting of one cultural background and monolinguals of another (Samuel et al., 2018). For
instance, in a study that compared monolingual and bilingual groups of Korean and British young
adults, bilingualism was not associated with enhanced executive control performance. However,
when participants were divided into two different cultural groups, Korean adults outperformed
their British counterparts on this task (Samuel et al., 2018). The authors have suggested that
cultural practices in Korea, rather than bilingualism, promote self-regulation and inhibition,
resulting in better performance on tasks requiring inhibitory control. Thus, the inclusion of
participants with diverse cultural backgrounds, particularly in bilingual groups, complicates the
association with neuropsychological performance, making it difficult to determine the exclusive

impact of bilingualism on test performance.

Cultural diversity also brings issues related to linguistic heterogeneity in studied samples.
Linguistic variety in groups requires the consideration of the cross-linguistic applicability of
neuropsychological tests and differences in language practices and exposure among bilinguals,
including language proficiency and age of language acquisition. Especially, the participants’
language proficiency is crucial to determining the validity of the bilingual cognitive advantage
hypothesis and the testing language. To illustrate, bilinguals who spoke English as a second
language were considered proficient in English to perform neuropsychological tests in some
studies. However, these individuals may have different proficiency levels in both languages, and
consequently, they may underperform if they are not evaluated in their dominant language
(Manuel-Dupont, Ardila, Rosselli, & Puente, 1992). The effect of language of test administration
on neuropsychological test performance has been well documented (Boone, Victor, Wen, Razani,

& Ponton, 2007; Gasquoine, Croyle, Cavazos-Gonzalez, & Sandoval, 2007; Kisser, Wendell,
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Spencer, & Waldstein, 2012). For instance, a study compared neuropsychological test performance
in cognitively healthy Hispanic American adults who were divided into Spanish-dominant,
balanced, and English-dominant bilingual groups (Gasquoine et al., 2007). It has been found that
the language of test administration was associated with performance differences in tests involving
significant language demands in Spanish and/or English dominant bilinguals. However, there were
no significant variations in test scores among balanced bilinguals between the Spanish and English

language administrations.

Another issue related to linguistic heterogeneity in samples is the applicability of
neuropsychological tests across participants of different language backgrounds. The
neuropsychological test procedure must be modified and standardized for use across various
languages to provide reliable and valid evidence regarding cognitive functioning (Fernandez &
Abe, 2018), especially in the context of bilingualism, by considering the language proficiency and
dominance of participants. Some test items may not be familiar to certain cultures, and words used
in one language may not have the same meaning in another language (Hofmann, 2017). For
instance, the semantic scope of the English word “vegetables” is slightly different than the Spanish
term “vegetales.” “Vegetales” is a word in Spanish that refers to all plants, but the noun in English
refers to herbaceous plants utilized for food (Rosselli et al., 2002). Thus, the neuropsychological
tools used in studies of bilingualism need to be culturally and linguistically appropriate to the

population being tested.

In conclusion, bilingualism is not a unitary or categorical construct (Luk & Bialystok, 2013).
Instead, it requires a comprehensive understanding of the relevant factors involved in its entity,
such as context and experience. Furthermore, bilingual individuals differ on several dimensions,

including linguistic, cognitive, experiential, educational, and other variables, all of which must be
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considered when interpreting test performance (Kroll & Bialystok, 2013). Therefore, bilingualism
needs a method that requires further than a categorical assignment to the language groups, such as
monolinguals and bilinguals (Kroll & Bialystok, 2013). Effective analysis and clarification of
these mentioned components of bilingualism can help better understand the cognitive
consequences of bilingualism from a holistic perspective. However, due to the interplay between
culture and bilingualism, without a thorough knowledge of the influence of culture on
neuropsychological test performance, the accuracy and validity of findings regarding the cognitive
advantages of bilingualism remain controversial. Therefore, a cross-cultural perspective, namely,
neuropsychological assessment tools suitable for use with different cultural and linguistic groups,
is necessary to elucidate the increasing discrepancy in bilingual literature concerning cognitive

advantages.

1.7. Neuropsychological Assessment of Culturally Dissimilar Older Adults:

Cross-Cultural Neuropsychology

The demographic characteristics of the population in Europe have shifted drastically, resulting in
fast growth in the cultural and linguistic diversity across the continent. Especially, the number of
persons over 64 years old with an immigration background in the EU increased dramatically from
4.73 million in 2000 to 7.37 million in 2017, and this population is projected to grow
(Schmachtenberg, Monsees, & Thyrian, 2021). Among people with an immigration background,
dementia is under-diagnosed to a larger extent in the 60+ age range and over-diagnosed in the 60+
age group (Nielsen, Vogel, Phung, Gade, & Waldemar, 2011). Early and accurate identification of
dementia in ethnic minority patients in Europe presents a challenge for general practitioners (GPs)
and specialists, mainly due to a lack of linguistically and culturally sensitive assessment and

diagnostic tools (Georges et al., 2019; Nielsen, Vogel, Riepe, et al., 2011).
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The majority of standardized neuropsychological tests are developed for and normed in Western,
Educated, Industrialized, Rich, and Democratic (WEIRD) societies (Henrich, Heine, &
Norenzayan, 2010). Therefore, their applicability in ethnic minority groups or culturally dissimilar
groups has been controversial. Several studies have reported that ethnic minority groups
underperform or exhibit below cut-off performance compared to native-born groups (Gasquoine,
2009; Puente, Perez-Garcia, Lopez, Hidalgo-Ruzzante, & Fasfous, 2013). Normative data, which
are used to estimate the relative performance of a particular cultural group, are lacking for some
populations (Gasquoine, 2009). The absence of applicable normative data and variability in test
scores between cultural groups have a detrimental impact on clinical diagnoses and access to
appropriate care for culturally diverse populations (Rivera Mindt, Byrd, Saez, & Manly, 2010).
The study examining whether the use of North American neuropsychological tests influences
diagnostic accuracy in cognitive impairments of participants from Colombia, Morocco, and Spain
provides further evidence for the effect of culture on clinical outcomes (Daugherty, Puente,
Fasfous, Hidalgo-Ruzzante, & Pérez-Garcia, 2017). The results revealed that tests developed for
a specific population to assess individuals from various cultures caused significant false positives.
Furthermore, the prevalence of misdiagnosis was shown to occur up to 20% of the time, depending

on the ethnicity.

Given that Germany has been considered Europe’s most important destination for immigration
(Green, 2013), growing cultural diversity in Germany poses a significant challenge to the timely
recognition of dementia, dementia diagnosis, and neuropsychological assessment of culturally
diverse individuals. Currently, individuals with an immigration background comprise 18.6 million
people in Germany, accounting for 23% of the population (Monsees et al., 2020). Among this

immigrant population, 1.86 million people were 65 years and older, and approximately 5.2% of
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them were reported to have dementia (Monsees, Hoffmann, & Thyrian, 2019). Within this cultural
diversity, individuals from Turkey make up one of the largest groups of people with an immigrant
background in Germany, as well as the group of people with dementia (Monsees et al., 2020). For
this reason, the improvement in the reliability and validity of neuropsychological measures and

the diagnostic accuracy of dementia in this population requires urgent attention.

Among the neuropsychological measures, cognitive screening represents a primary step in
determining the need for additional clinical assessment in individuals with suspected cognitive
impairment (Lischka, Mendelsohn, Overend, & Forbes, 2012). A recent study examining the
impact of cognitive screening for dementia on the formal diagnosis rate in 108 GP practices in
Germany has underscored the importance of cognitive screening tools in identifying dementia
(Eichler et al., 2015). The results showed that 49% of previously undiagnosed patients were
formally diagnosed with dementia after a positive screening outcome at their GP practice.
However, since some diagnoses were received on the day of screening, the authors have pointed
out that some GPs were likely to formally diagnose dementia based on only a positive screening
result and no other differential diagnostic assessment. Given the substantial role of cognitive
screening tools in the diagnostic process of dementia, there is a pressing need for novel cognitive

screening measures that are suitable for use among specific populations or across cultural groups.

1.7.1. A Culturally Sensitive Cognitive Screening Tool for Dementia: RUDAS
The Mini-Mental State Examination, MMSE (Folstein, Folstein, & McHugh, 1975), has been the
most widely used cognitive screening tool in Europe. As a result, it has become rather a gold
standard for detecting early indications of dementia (Georges et al., 2019). However, this tool has
been shown to be biased by age, the limited language proficiency of immigrants, educational level,

the language of test administration, and culture (Escobar et al., 1986; Parker & Philp, 2004;
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Ramirez, Teresi, Holmes, Gurland, & Lantigua, 2006). Particularly, the impact of cultural
background on MMSE performance has been reported in numerous studies. For instance, in studies
conducted with African-American and White patients diagnosed with AD (Welsh et al., 1995) and
with African-American, Hispanic, and White groups of dementia and non-dementia patients
(Bohnstedt, Fox, & Kohatsu, 1994), the cultural background was significantly associated with the

MMSE performance even after adjustment for education.

Instead of depending on a total score, various strategies, including age and education corrected
normative data for particular ethnic groups, (Blesa et al., 2001; Mungas, Marshall, Weldon, Haan,
& Reed, 1996) and/or interpretation of the performance based on the individual items of the MMSE
(Matallana et al., 2010) have been suggested and demonstrated to be a useful method to
compensate for performance differences across ethnic groups (Milman, Farogi-Shah, Corcoran, &
Damele, 2018). However, there is accumulating evidence showing that experiential factors, such
as length of residence in a new country, acculturation, and bilingualism, may also impact
neuropsychological test performance (Boone et al., 2007; Gasquoine, 1999; Gasquoine et al., 2007;
Manly, Byrd, Touradji, & Stern, 2004). These factors are commonly not taken into account when
developing norms for a population (Manly & Espino, 2004; Sayegh, 2015). In societies with
diverse cultures and languages, the development of normative data may be inadequate unless
specific test items or tests representing a range of cultural experiences are generated concurrently

with normative data (Boone et al., 2007).

The Rowland Universal Dementia Assessment Scale, RUDAS (Storey, Rowland, Basic, Conforti,
& Dickson, 2004) was designed using a simultaneous development process by culture and health
advisory groups for the selection of culturally appropriate test items (Fernandez & Abe, 2018).

This measure has been suggested as the most promising culturally sensitive cognitive screening
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tool (Fernandez & Abe, 2018). It has been shown to be relatively uninfluenced by language use
and cultural background (Naqvi, Haider, Tomlinson, & Alibhai, 2015). Moreover, a study
(Goudsmit et al., 2018) that compared the diagnostic accuracy of the RUDAS with the MMSE
among different ethnic minority groups in a geriatric outpatient clinic has supported the use of the

RUDAS in a highly illiterate, culturally varied population.

Considering the cross-cultural potential of the RUDAS across a variety of cultural groups, an
essential avenue for research in this domain is to explore the applicability of the RUDAS by
comparing test performance in older Turkish and German adults. In addition, the Turkish older
adults living in Germany provide a unique opportunity to examine variances in test scores in
relation to the immigration-related variables, namely, acculturation and bilingualism. By
examining all stated factors above, comparing the performance on RUDAS with the MMSE, a test
developed for the WEIRD societies, may also shed light on possible differences between the tests.
Thus, it may help improve the diagnostic accuracy and utility of neuropsychological measures

across all ethnic and linguistic groups.

1.8. Research Gaps in the Literature and Aims of the Current Thesis

As summarized above, there is sparse evidence of language deficits in the disease process of AD,
specifically on the usefulness of the macro-structural discourse comprehension domain as a
sensitive cognitive marker of AD. In addition, as another aspect of language, it is still an open
question how widely used neuropsychological assessment tools in older adults may be impacted
by bilingualism and its associated factors, as does the extent to which these effects may have
diagnostic implications. This thesis strives to cover these critical research gaps in previous research

on language and neuropsychological assessment of dementia.
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Gaining a better understanding of language impairments and bilingualism in the disease course of
AD is not only needed for neuropsychology literature but holds substantial implications for timely
and accurate diagnosis of AD, appropriate treatment plans, and effective interventions for
culturally diverse patients with dementia. Therefore, this thesis links language in dementia to
neuropsychological assessment of culturally diverse populations. Thus, it aims to suggest new and
more rigorous methods for the accurate characterization of cognitive functioning in individuals at

risk of developing AD or in patients with AD, thereby informing research and clinical practice.

Firstly, as stated above, diagnostic procedures of linguistic functioning play a vital role in
identifying cognitive impairments at various levels. Language impairment is a prominent feature
even early in the disease process of AD. It has also been included in recently published criteria
for the clinical diagnosis of AD at the onset in one of the subtypes (McKhann et al., 2011).
However, the question of whether the characterization of the language profiles of MCI/AD patients
can aid in the early detection of AD remains unanswered. Studies have shown that discourse
comprehension at a macro-structural level remains unaffected in normal cognitive aging, as older
adults utilize this type of processing more to compensate for declines in detail-level processing of
information (Davis, Alea, & Bluck, 2015; Martin et al., 2018). Furthermore, the deficits reported
in micro and macro-structural processing have been found to help distinguish clinical populations
such as, individuals with MCI due to AD from those with MCI due to non-AD pathologies
(Mazzon et al., 2019). Therefore, Study 1 targets studies including individuals with AD and its
preceding stage of MCI compared to cognitively healthy older adults to evaluate whether the
discourse comprehension paradigm may be used as a unique approach to neuropsychological
testing. It evaluates the present state of research focusing on changes in discourse comprehension

in prodromal and manifest AD. Additionally, it assesses the relationship between standardized
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neuropsychological tests used in clinical settings and measures of discourse comprehension to
address whether neuropsychological assessment tools are sensitive to discourse comprehension.
Consequently, this systematic review may shed light on the potential of this domain in detecting

AD-related cognitive impairments.

Secondly, language and culture represent significant components of neuropsychological
evaluation. Yet, although these factors have sparked attention in neuropsychology literature, there
remain gaps in research. It is currently unclear how the bilingual advantages/disadvantages
experienced by bilinguals, specifically in older adults, translate into performance on
neuropsychological tests used in clinical settings. Based on the previous evidence showing the
potential impact of bilingualism on cognitive reserve, executive functions, and verbal abilities in
older adults, the primary goal of this research is to provide a summary of previous studies on
bilingualism and neuropsychological test performance and to evaluate whether or not there is a
bilingual advantage/disadvantage in neuropsychological test performance in older adults.
Therefore, this study targets the studies that include healthy bilingual older adults or bilinguals
with cognitive decline due to dementia and a monolingual comparison group to provide a more

comprehensive review of findings in this field.

Study 2 also focuses on the available evidence on bilingualism and neuropsychological test
performance in older adults by highlighting the inconsistencies in findings and methodological
variables. This is done by characterizing various factors underlying bilingualism and several
possible confounding variables, including, but not limited to, the immigrant status of participants
and the language of test administration that may have affected the results. More specifically, this
systematic review focuses on the criteria to define bilingualism, variances in sample

characteristics, and language experiences of bilinguals to critically evaluate the impact of
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bilingualism on test performance. The interactions between these factors so far have seldom been
addressed in the literature, and the cognitive consequences of bilingualism may not be fully

understood without considering the multi-faceted nature of bilingualism (Yow & Li, 2015).

Lastly, as an important extension to bilingualism and neuropsychological test performance
literature, the relevance of bilingualism research is further underlined by rapidly increasing cultural
diversity due to immigration patterns globally. The growth in the number of culturally and
linguistically diverse people poses substantial obstacles to the quality and accuracy of findings in
clinical and research settings. Therefore, there needs to be a responsive approach to the changing
and diverse profile of the population by considering the cultural, linguistic, and educational
background of the people who are assessed (Manly, 2008). This approach should not be limited to
the neuropsychological measures or normative data used, but immigration, acculturation, and
bilingualism should also be taken into account in the neuropsychological evaluation process
(Llorente, 2007; Manly, 2008). Thus, Study 3 examines the influence of cultural, educational
background, and immigration-related factors, namely, acculturation and bilingualism, on the
performance of two cognitive screening tools. This study compares the performance on the
culturally sensitive measure- RUDAS to the MMSE in three groups with clinically diagnosed AD
to shed light on the applicability of the RUDAS in culturally diverse populations. For this aim,
Turkish immigrants and non-immigrant, monolingual Turkish and German patients with AD were
included in the study. Previous studies have almost exclusively focused on comparing test
performance in immigrant and host country groups of cognitively healthy participants (Krist et al.,
2019; Nielsen, Vogel, Gade, & Waldemar, 2012). This paper addresses this need by including a
clinical sample and native-born comparison group, namely, Turkish participants without an

immigration background, so far lacking in the scientific literature. Thus, the effects of
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immigration-related variables on the performance of cognitive screening tools are further analyzed
without complicating the findings with differences in the cultural and linguistic background of the

participants involved in the study samples.

In conclusion, this thesis broadens the boundaries of single disciplines and brings in linguistic,
cultural, neuropsychological, and even sociological perspectives due to immigration trends in
Europe. Table 1 gives an overview of the specific research questions and hypotheses which were
addressed in the three studies of the current thesis. The three individual studies are presented in
Chapters 2-4, and the findings from the three studies are combined to provide an integrated

discussion in Chapter 5.
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Table 1. Summary of the Research Questions and Hypotheses Addressed in the Current Thesis

Research Questions/Hypotheses

Study/Chapter

e What is the potential of a discourse comprehension paradigm as a unique method
for neuropsychological testing, and what can it bring to present testing procedures?

e How are the measures of macro-structural discourse comprehension characterized
in relevant studies?

e What is the link between measures of discourse comprehension and
neuropsychological test measures that are frequently used in clinical settings?

Study 1/Chapter 2

e Do bilingual older adults show advantages/disadvantages in neuropsychological test
performance?

e Are the bilingual advantages/disadvantages observed in specific cognitive domains
of neuropsychological tests?

e Are the findings influenced by the language of test administration and participants’
language proficiency, age of language acquisition, and immigrant status?

Study 2/Chapter 3

e What is the influence of demographic and immigration-related variables on the
performance of the MMSE and RUDAS in the manifestation of AD?
H1: The performance of the native-born Germans with AD would be better on the
MMSE than Turkish immigrant and native-born Turkish patients with AD due to
this test's lack of cross-cultural potential.
H2: Turkish immigrants with AD would underperform compared to the native-born
Turkish group with AD due to immigration-related experiences.
H3: Performance differences in the RUDAS would be less evident between groups,
and test results would be less affected by education, gender, age, acculturation, and
bilingualism.

e Are there performance differences in the individual items of the MMSE and
RUDAS across groups?

Study 3/Chapter 4
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Abstract

A number of linguistic and cognitive deficits have been reported during the course of Alzheimer’s disease (AD) and its
preceding stage of mild cognitive impairment (MCI), with some deficits appearing years before onset of clinical symptoms.
It continues to be a critical task to identify tools that may serve as an early marker of pathology that are also reliably able to
distinguish AD from normal ageing. Given the limited success of classic psychometric cognitive testing, a novel approach
in assessment is warranted. A potentially sensitive assessment paradigm is discourse processing. The aim of this review
was to synthesize original research studies investigating comprehension of discourse in AD and MCI, and to evaluate the
potential of this paradigm as a promising avenue for further research. A literature search targeting studies with AD or MCI
groups over 60 years of age was conducted in PubMed, Web of Science, and PsycINFO databases. Eight articles with good
quality were included in the review. Six measures of discourse comprehension—naming latency, summary, lesson, main
idea, proportion of inferential clauses, true/false questions—were identified. All eight studies reported significant deficits in
discourse comprehension in AD and MCI groups on five of the six measures, when compared to cognitively healthy older
adults. Mixed results were observed for associations with commonly used cognitive measures. Given the consistent findings
for discourse comprehension measures across all studies, we strongly recommend further research on its early predictive
potential, and discuss different avenues for research.

Keywords Discourse - Alzheimer’s disease - Mild cognitive impairment - Language - Comprehension

Introduction (AD) is the most common type of dementia, accounting for

an estimated 60% to 80% of the cases. It results in progres-

As life expectancy continues to increase, the ageing popula-
tion continues to grow in number, and so does the prevalence
and incidence of age-related disorders. Dementia is one of
the most common age-related disorders, and is a major cause
of concern worldwide due to its untreatable nature. As of
2018, an estimated 50 million people worldwide live with
dementia, with the number expected to be over 152 mil-
lion by the year 2050 (Patterson 2018). Alzheimer’s disease
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sive cognitive and functional decline, which is irrevers-
ible, and begins before clinical onset of AD. The clinical
manifestation of AD is preceded by a transitional stage of
mild cognitive impairment (MCI), which has received con-
siderable attention as a target stage for early detection and
interventions.

The long preclinical stage of AD is marked by irreversible
neuropathological changes, such as deposition of amyloid
plaques and neurofibrillary tangles, which result in neuronal
and synaptic loss, and cortical atrophy, as well as subtle
cognitive deficits (Backman et al. 2005; DeTure and Dickson
2019). Due to the irreversible nature of AD, current possibil-
ities are limited to delaying onset of the disease or slowing
its progression. Interventions based on modifiable risk and
protective factors (Imtiaz et al. 2014; Livingston et al. 2017;
Xu et al. 2015) can only be successful when targeted before
significant pathological changes and cognitive decline have
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occurred (DeKosky 2003). Cognitive decline resulting from
AD pathology occurs in several domains, over a long period
of time, up to over a decade before individuals meet clini-
cal criteria for AD (Amieva et al. 2008; Chen et al. 2001).
AD is a clinically heterogeneous disease, often difficult to
distinguish from normal cognitive ageing in the early and
preclinical stages of the disease. Episodic memory impair-
ment is commonly reported in early AD stages. However,
an important diagnostic step forward has been that it is no
longer seen as the defining symptom (Lim et al. 2020), as
impairment may be evident in several other domains, includ-
ing executive functions, visuospatial ability, or language,
in the form of reduced complexity of sentences or anomia
(Galton et al. 2000). Considering the heterogeneity in pres-
entation of the disease, the irreversible nature, as well as
the increasing emphasis on characterization of clinical and
preclinical stages of AD as a continuum (Jack et al. 2018),
itis crucial to develop assessment tools that can identify the
subtle cognitive changes early on that indicate underlying
pathology before AD is clinically evident.

MCI was introduced as a transitional phase between cog-
nitive ageing and dementia, which is characterized by some
decline in one or two cognitive domains without marked
functional impairment, making it a target stage for interven-
tions. Reported rate of conversion from MCI to dementia
varies widely, depending on a number of factors, includ-
ing, but not limited to, subtype of MCI, level of cognitive
impairment, length of follow-up, loss to follow-up, and study
setting (Ward et al. 2013). Generally, an annualized conver-
sion rate of 10% to 15% has been widely cited, with this rate
being as high as 28% for the amnestic subtype (Schmidtke
and Hermeneit 2008). It has, however, been challenging to
detect subtle changes occurring due to pathology during this
stage, to distinguish MCI from age-related cognitive decline,
and to predict conversion to dementia; however, it has been
suggested that combining several markers greatly increases
predictive power (Devanand et al. 2008). Therefore, con-
tinued efforts are required in the detection of MCI and in
predicting conversion to dementia.

The role of discourse processing as a potentially
important early marker of AD and MCI

Assessment tools that are able to detect pathology-related
cognitive decline early in the course of the disease remains
a challenging field looking for innovative approaches. Estab-
lished neuropsychological testing includes the Mini-Mental
Status Examination (MMSE) as a screening tool, verbal
fluency and the Boston Naming Test (BNT) for measur-
ing language abilities, the logical memory subscale from
Weschler’s Memory Scale for measuring episodic memory,
constructional praxis for measuring visuoconstructive abili-
ties, and the Trail Making Test (TMT) to measure executive
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functions. Language functions are preserved for longer, and
reveal rather low vulnerability during healthy ageing (Park
and Reuter-Lorenz 2009). Classic cognitive testing, so far,
taps into language-related functions only marginally (Cum-
mings et al. 1988; Taler and Phillips 2008; Verma and How-
ard 2012; Vuorinen et al. 2000), using tasks involving word
retrieval, verbal fluency, and word list memory.

Most studies have suggested impairment primarily in the
lexical and semantic components of language (Emery 2000;
Henry et al. 2004; Reilly et al. 2011), which is central for
relating the concept to the linguistic form. In contrast, syn-
tactic and phonological components appear to be relatively
preserved, until the advanced stages of the disease, although
syntactic complexity is reduced (Emery 2000; Rochon et al.
1994). These methods for studying language-related func-
tions, however, are rather artificial as they lack any context,
and have little ecological validity. There is also consider-
able heterogeneity in the patterns of cognitive and linguistic
decline observed, and different language functions may be
variably affected in different individuals (Cummings 2000),
which may not always be captured by studying language
functions in isolation, such as lexical access, verbal memory,
or syntactic complexity.

A more holistic approach is to study language deficits in
their interactions with cognitive processes. Linguistic and
cognitive processes are highly interdependent, with language
shaping cognitive processes—including non-verbal pro-
cesses, such as visual perception or memory—and cognition,
in turn, aiding higher-order linguistic processes (Gerwien
and von Stutterheim 2018). Here, we focus on discourse as a
highly demanding task involving interdependency of cogni-
tive and linguistic processes. Discourse refers to written or
spoken language in a social context, and according to most
definitions, encompasses information distributed over more
than one sentence. Despite syntactical preservation, produc-
tion of discourse is impaired very early on in the course of
the disease, even before the onset of other clinical symp-
toms, as evidenced in studies using spontaneous speech and
picture description tasks (Mueller et al. 2018; Slegers et al.
2018).

Importantly, discourse processing is qualitatively differ-
ent from isolated linguistic tasks or even sentence process-
ing. It occurs simultaneously on multiple representational
levels, namely, surface code, textbase, and situation model
(Fletcher and Chrysler 1990; Graesser et al. 1997). The most
basic and superficial level of representation is the surface
code, which simply preserves the exact syntax and wording
of the text, generally for a few seconds only. The textbase
is a representation of the text at a semantic level, extracting
and retaining meaning from the text by inferencing, but not
retaining the exact details of the text. Finally, the situation
model refers to the level of representation wherein overall
meaning of the text is interpreted in the wider context of
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structured world knowledge. These final two levels of pro-
cessing require an interaction between cognitive and lin-
guistic processes, as it involves abstraction, organization of
information, contextual embedding, accessing appropriate
schemata, incorporating relevant knowledge structures, per-
spective taking, and inferencing (Sparks 2012; Thorndyke
1976). Macrostructural organization is an essential property
at the textbase level as well as at the level of the situational
model, relevant for establishing global coherence (Kintsch
1988; Kintsch and Rawson 2005). Macrostructural process-
ing is a form of higher-level language processing, which
involves the representation of the global meaning of dis-
course in the form of the topic, theme, or gist, as opposed
to microstructural processing, which is a very local form
of processing, involving linguistic structure at the phrasal
or sentence level, and meaning of words (Van Dijk 2019).

Considering the complexity of the processing involved at
the macrostructural level, it may be particularly susceptible
to decline early in the course of AD development. This has
in fact been observed in studies using a discourse production
paradigm, wherein, macrolinguistic features of discourse
production were the most susceptible to decline in the early
and prodromal stages of AD (Brandao et al. 2013; Pistono
et al. 2019). The patterns of deficits observed in micro- and
macrostructural processing have been shown to have util-
ity in distinguishing clinical populations (Ulatowska et al.
1999). They were able to successfully distinguish individuals
with MCI due to AD from those with MCI due to non-AD
pathologies (Mazzon et al. 2019). Further, studies indicate
that macrostructural level comprehension remains intact in
normal cognitive ageing; in fact, older adults rely increas-
ingly on this form of processing, in order to compensate
for decline in detail-level memory (Radvansky and Dijkstra
2007; Ulatowska et al. 1998). Hence, emerging research tar-
geting discourse comprehension at a macrostructural level
may have the potential to add to the ongoing discussion on
early markers of pathology, and in distinguishing normal
cognitive ageing from AD pathology-related decline. There-
fore, a systematic account of the available evidence in this
area is needed.

Goals of review

The overarching goal of this review is to evaluate currently
available research measuring macrostructural discourse
comprehension in the course of AD, and to assess the
potential of a discourse comprehension paradigm as a novel
approach in neuropsychological testing, in seeing what it
may add to current testing practices. The review focuses on
studies with individuals with late-onset early stage AD (mild
or early moderate) and individuals with MCI, in comparison
with cognitively healthy older adults. Subgoals of our review
are, first, to systematize and characterize the measures of

macrostructural discourse comprehension, applied in rele-
vant studies. Second, we evaluated the associations between
measures of discourse comprehension and cognitive and
neuropsychological test measures that are commonly in use
in clinical settings.

Method
Search strategy

A literature review was performed using the methods speci-
fied in the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA; see S1). We searched Pub-
Med, Web of Science, and PsycINFO for original, peer-
reviewed research articles published in English, using com-
binations of the following search terms: Alzheimer’s disease,
mild cognitive impairment, discourse, global coherence,
macrolinguistic, connected speech, connected language,
narrative speech, narrative comprehension.! We placed
no restrictions based on date of publication of a study (for
detailed search strings, see S2).

The searches were completed on January 20, 2020. Two
researchers (EK and SC) screened the title and abstract of
articles. When abstracts did not contain enough informa-
tion to determine inclusion or exclusion, the full text of the
article was obtained and read. Additionally, the references of
included studies were screened to identify any other studies
that may meet the inclusion criteria. Any conflicts between
the two reviewers were discussed and resolved.

Study selection

For a study to be included in the review, the following crite-
ria had to be met: (1) the study included a group of partici-
pants who had a formal diagnosis of Alzheimer’s disease or
Mild Cognitive Impairment, using well-established criteria;
(2) the study included a healthy control group for compari-
son; (3) mean age of the healthy group was > 60 years, or
population was age-matched to the patient group; (4) study
consisted of a text followed by outcomes measuring overall
comprehension of text; (v) study was published in English
in a peer-reviewed journal. The criteria for exclusion were
as following: (1) Studies with other types of dementia popu-
lation; (2) studies measuring verbatim recall of discourse

I As per recommendation from one reviewer, we conducted an addi-
tional search with the search terms ‘gist’, ‘inference’, and ‘text com-
prehension’ in combination with ‘Alzheimer’s disease’ and ‘Mild
Cognitive Impairment’ to potentially identify articles we may have
missed in our original search. However, this search did not yield any
new articles that met our criteria. These search results have not been
added to the original search results.
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texts or only memory for details within the text; (3) studies
measuring spontaneous or picture-elicited discourse produc-
tion; (4) case studies. No restrictions were placed on the type
of study design.

Data extraction

The reviewers (EK and SC) extracted the following data
from the articles that were finally included in synthesis: first
author’s last name, year of publication, participant groups,
number of participants, age, country in which study was
conducted, language of study, stage of Alzheimer’s/MCI,
diagnostic criteria used, variables controlled for, task, out-
come measures.

Quality assessment

The Standard Quality Assessment Criteria for Evaluating
Primary Research Papers: Quality Scoring for Quantitative
Studies or ‘QualSyst” (Kmet et al. 2004) was used to assess
and rate the quality of the studies that were finally included
in the analysis. The assessment originally contained a total
of fourteen questions, of which, two questions concerning
‘intervention’ were eliminated, as the review did not include
intervention studies. There were three possible scores for
each question. A score of ‘2’ indicated the study fulfilled
the criteria fully, a score of ‘1’ indicated a partial fulfilment
of the criteria, and when criteria was not fulfilled, a score
of ‘0’ was given. The score obtained for each study was
then divided by the total possible score (24 points), giving
a score between 0 and 1. Two raters (EK and SC) scored
the studies independently, and a good inter-rater agreement
was observed (ICC=0.87). Any discrepancies in scoring
between the two raters were discussed until consensus was
reached. The quality score for the individual studies is pre-
sented in Table 1. All studies were deemed to be of a fairly
good quality (>0.75).

Results
Search results and study characteristics

The search yielded a total of 4716 articles combined from
PubMed (1954-2020), Web of Science (1934-2020), and
PsycINFO/EBSCO (1934-2020). After removing duplicates
2941 articles remained, for which title and abstract were
screened. Additionally, references of included articles were
screened, and three additional articles, which met the inclu-
sion criteria, were identified (Chapman et al. 2006; Graville
and Rau 1991; MacDonald et al. 2001), making it a total
of 2944 articles that were screened for eligibility. Of these,
2895 articles were excluded as they did not pertain to the
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topic or did not meet inclusion criteria. Full-text screening
was conducted, and inclusion and exclusion criteria were
applied for the remaining 49 articles. Of these, 41 articles
were excluded, with a good inter-rater agreement (x=0.81).
The reasons for exclusion are highlighted in Fig. 1. The most
common reason for exclusion was ‘Outcome not relevant’
with most studies being excluded as they investigated spon-
taneous or picture-elicited discourse production or verbatim
recall of text. Finally, a total of eight articles were included
in the review, which aimed to measure discourse compre-
hension at a macrolevel, in adults with Alzheimer’s disease
or MCI.

An overview of the study characteristics is presented in
Table 1. All the studies were cross-sectional, in which AD
and/or MCI groups were compared to cognitively healthy
older adults. Seven of the eight studies were conducted with
native English-speakers, with six of them being conducted
in USA, and one in Canada. One study was conducted in
Brazil, with a native Brazilian Portuguese-speaking popula-
tion. The studies were published between the years 1998 and
2019. One study included two groups of healthy older adults,
classified as ‘young-older adults’ (65-80 years) and ‘old-
older adults’ (> 80 years) (Chapman et al. 2006), and one
study (Welland et al. 2002) included two AD groups—early
stage (EDAT) and moderate stage (MDAT). The total sample
sizes ranged from 20 to 84 participants, with their mean ages
ranging from 65 to 86. All studies controlled for age, and
all but one (Chapman et al. 2002) controlled for education,
wherein the different groups were either matched on these
variables or the variables were entered as covariates during
analysis. Apart from this, six studies also controlled for sex
(Chapman et al. 1998, 2002, 2006; Creamer and Schmit-
ter-Edgecombe 2010; Drummond et al. 2019; Schmitter-
Edgecombe and Creamer 2010), one study controlled for
depression(Chapman et al. 2006), and one study controlled
for IQ (Welland et al. 2002). All studies determined cogni-
tive status of the healthy control group using at least one or a
combination of several of the following measures—MMSE,
self-report, Clinical Dementia Rating (CDR), Global Dete-
rioration Scale (GDS).

Only one study (Drummond et al. 2019) used a test from
a standardized battery (MAC battery) (Fonseca et al. 2008),
and one (Welland et al. 2002) used a modified form of the
Discourse Comprehension Test (DCT) battery (Brookshire
and Nicholas 1993) to measure discourse comprehension. In
other studies, an experimental task was used to measure dis-
course comprehension, wherein participants were presented
with a series of short texts, usually narrative stories. This
was generally followed by a variety of tasks designed to
test participants’ comprehension of the texts. This involved
giving a short summary of the story, stating the lesson or
intended main idea of the story, answering true/false ques-
tions about the story, a think-aloud paradigm while reading,
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or reading out loud the last word in the story, which was
either congruent or incongruent with previous text. With
one exception (Welland et al. 2002), the studies did not
report independently on hearing and visual/reading abili-
ties of participants. However, they generally included prac-
tice trials before the start of the study to ensure participants
understood the task, and were able to perform it successfully.
Almost all of the included studies looked at performance of
participants on one or more neuropsychological tests (for
example, subtests of Boston Diagnostic Aphasia Examina-
tion) to ensure that participants were able to follow instruc-
tions, in order to be able to perform the task. The outcome
measures varied across studies, with some studies measuring
the proportion of inferential and non-inferential clauses pro-
duced (Creamer and Schmitter-Edgecombe 2010; Schmit-
ter-Edgecombe and Creamer 2010), one study measuring

@ Springer

naming latencies for congruent and incongruent pronouns
(Almor et al. 2001), and others measuring gist-level retell-
ing in the form of summary, lesson, main ideas (Chapman
et al. 1998, 2002, 2006; Welland et al. 2002). Due to this
heterogeneity in tasks and reported outcome measures, a
meta-analysis was not performed.

Diagnostic criteria

One study (Drummond et al. 2019) used the Diagnostic
and Statistical Manual of Mental Disorders: Fifth Edition
(DSM-5) criteria for Major Neurocognitive Disorder due
to Alzheimer’s Disease (Sachdev et al. 2014), for diagno-
sis of AD. All other studies used the National Institute of
Neurological and Communicative Disorders and Stroke and
the Alzheimer’s Disease and Related Disorders Association
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(NINCDS-ADRDA) criteria (McKhann et al. 1984). In all
studies, a diagnosis of ‘probable AD’ was applied, wherein
individuals are diagnosed based on clinical and neuropsy-
chological evidence without histopathologic confirmation.
As these were cross-sectional studies, they could not follow-
up to confirm AD via autopsy. Additionally, all, but one,
studies were conducted prior to 2011, when the NINCDS-
ADRDA criteria were first revised to the National Institute
on Aging-Alzheimer’s Association (NIA-AA), to include
biomarker evidence in the diagnosis of AD (McKhann et al.
2011). The DSM-5 criteria, which was used in the study by
Drummond et al. (2019), does not yet include biomarker
evidence in diagnosis of Major Neurocognitive Disorder due
to AD. The major difference between the NINCDS-ADRDA
and the DSM-5 criteria is that presence of memory impair-
ment is not required for diagnosis in DSM-5; rather, impair-
ment in any two cognitive domains is acceptable. This shows
a general trend towards moving away from memory impair-
ment, as is seen in the NIA-AA 2011 criteria too, which was
a revision of the NINCDS-ADRDA criteria. For determining
the stage of the AD (mild, moderate, severe), studies used
either MMSE or CDR scale (Folstein et al. 1975; Hughes
et al. 1982). These two scales have been shown to have
good agreement for the stages of AD that have been inves-
tigated in included studies (Perneczky et al. 2006). Overall,
although two different criteria were used for the diagnosis of
AD, the criteria were comparable enough that a qualitative
synthesis of studies was possible.

For a diagnosis of MCI, one study (Chapman et al. 2002)
used the criteria by Petersen et al. (1999); another study
(Schmitter-Edgecombe and Creamer 2010) applied the crite-
ria by Petersen et al. (2001). The studies also ruled out other
possible causes of cognitive impairment (such as stroke or
other neurological or psychological causes) via a series of
tests. As with the diagnostic criteria for AD, the criteria for
MCIT too evolved to shift focus away from memory com-
plaints, towards a more wholesome approach to include all
cognitive domains. While the Petersen et al. (1999) criteria
required a subjective memory complaint, the subsequent
revised criteria from 2001 onwards allowed for complaints in
any cognitive domain. Instead, the Petersen et al. (2001) cri-
teria focused on classifying MCI into several subtypes (e.g.
amnestic MCI, multi-domain MCI), depending on the cog-
nitive domain(s) in which deficits were observed. Accord-
ingly, studies included in the review that were conducted
after the Petersen et al. (2001) criteria were established,
have included population specifically with a diagnosis of
amnestic MCI (aMCI). Finally, one study (Drummond et al.
2019) applied the Winblad et al. (2004) criteria, which was
arevision of the Petersen et al. (2001) criteria. This revision
acknowledges that there may be multiple aetiologies for each
subtype of MCI, and modifies the stipulation concerning
normal daily functioning in previous criteria, to allow for

subtle impairment in complex functions. Although different
evolving diagnostic criteria have been used in the included
studies, the different criteria are not sufficiently different
enough so as to affect a qualitative synthesis of these studies.

Measures of discourse comprehension

Due to a lack of standardized tests for measuring discourse
comprehension, there was considerable variability in the
method used to evaluate comprehension, and consequently
in the type of outcome measures used. Most measures used
some form of language production to measure comprehen-
sion. This implies a general problem which poses a dilemma
for comprehension studies in other contexts as well (e.g.
language acquisition, pedagogy). We know from studies on
language production that patients with AD have deficits in
accessing lexical units, though deficits at the morphologi-
cal and syntactical level are less pronounced. These defi-
cits could affect the validity of the measures for language
comprehension.

Relevant outcome measures used in each study were iden-
tified. Several of the identified outcome measures were used
in multiple studies, and these were grouped together. The
names of the outcome measures were derived from the out-
comes used in the included studies. However, the terms for
certain measures were used interchangeably in the different
studies. Therefore, to summarize the results from different
studies, the measures were categorized according to the defi-
nitions or descriptions of the measure presented in the stud-
ies, rather than the terms used. Accordingly, the measures
were grouped into the six variables described below. The
results for each measure are summarized in Table 2.

Naming latencies

Naming latency was used as an outcome in only one of
the studies (Almor et al. 2001). In this study, participants
were presented with a short text in an auditory format, in
which two entities (antecedents) were introduced in the first
sentence. The final sentence referred back to these enti-
ties, wherein it mentioned one of the entities and was left
incomplete before the other entity is mentioned. Finally the
target pronoun was presented visually, which was either
congruent with the incomplete sentence or incongruent,
based on the singularity or plurality of the antecedent and
the pronoun. Participants were to read aloud the pronoun,
and their response time was measured. Ideally, when the
pronoun is incongruent to the antecedent, response time
should be longer compared to when it is congruent, as it
would be more difficult to integrate an incongruent word
into the passage, indicating adequate processing of cohe-
sive devices. This effect would, however, only be seen if
individuals are able to integrate different information units
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Table 2 Comparison of group performance on discourse comprehension measures

References Naming laten-

cies

Summary

Lesson/message

Inferential
clauses

Main idea Comprehension ques-

tions

Almor et al. AD < NC*** - -

(2001)
Chapmanetal. -
(1998)

Chapmanetal. -
(2002)

Chapmanetal. -
(2006)

AD<NC' AD<NCt

AD=MCI<NC**

AD < OOA**#%*
AD < YOA*** AD < YOA***
OOA < YOA* OOA=YOA

Creamer and - - -
Schmitter-
Edgecombe
(2010)

Drummond -
et al. (2019)

Schmitter- - - -
Edgecombe
and Creamer
(2010)

Welland et al. - - -
(2002)

AD <MCI<NC*

AD <MCI < NC***

AD < OOA***

AD=MCI<NC*

AD<NC' - AD<NCt

AD <MCI<NC***  — -

AD < OOA** - -
AD < YOA**
OOA=YOA

- AD <NC* AD < NC##¥%*

AD <MCI<NC*

- MCI<NC** MCI<NC*

MDAT =EDAT < NC**

#p<.05, #p < .01, ***p < 001

Tp value not reported

within a macrostructure, indicating the ability to establish
coherence relations. Slower reaction times for incongruent
trials were seen in healthy older adults, as well as the group
with AD. However, the size of the effect was much smaller
in the AD group compared to the healthy older adults, mean-
ing that the difference in the reaction times to congruent vs
incongruent trials was much higher in the controls than in
the AD population, as was expected. This shows that AD
patients were less sensitive to incongruent pronouns, indicat-
ing a problem in integrating and connecting the presented
information.

Summary

In four studies (Chapman et al. 2006, 1998, 2002; Drum-
mond et al. 2019), participants were presented with a short
story. Following this, participants were asked to retell the
story or give a summary in their own words which involved
focusing on important units of information that are required
for an overall understanding of the story, and omitting
unnecessary details. Participants’ performance was scored
according to the number of main informational and/or the-
matic units produced. This measure can be taken to illustrate
in how far language production was taken as a measure for
comprehension. The linguistic output was not analysed with
respect to relevant features of language production (time
course, lexical choice, or number of words per sentence), but
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only at the level of meaning in relation to the stimulus text.
AD groups produced fewer synthesized meaningful units of
information compared to cognitively healthy adults in all
four studies, including the old-older adults. In both stud-
ies with MCI population (Chapman et al. 2002; Drummond
et al. 2019), the MCI group performed significantly worse
than the healthy older adults. Between the AD and MCI
groups, AD group scored significantly lower than the MCI
group in one study (Drummond et al. 2019); however, the
performance of the two groups was comparable in another
study (Chapman et al. 2002). Additionally, there was a small
but significant difference in the performance of old-older
adults compared to young-older adults. This was the only
measure for which such a difference was observed.

Lesson/message

Another probe following the presentation of a short story,
employed in four studies (Chapman et al. 2006, 1998, 2002;
Drummond et al. 2019), was the lesson or message probe,
wherein participants were to formulate a lesson or a title
that could be inferred from the story. AD and MCI patients
scored significantly lower than healthy adults, focusing on
unimportant details from the story rather than an overall
lesson. Additionally, the AD group performed significantly
worse than old-older adults. When performances of MCI
and AD groups were compared, the results were mixed,
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wherein one study (Drummond et al. 2019) reported no sig-
nificant difference in their performance, whereas another
study (Chapman et al. 2002) reported that the AD group
scored significantly lower than the MCI group. This meas-
ure required maximum inferential processing, as participants
need to be able to synthesize a large amount of information,
condense it, and make interpretations about what message
it carries.

Main idea

This probe, also administered following a short story in three
of the studies (Chapman et al. 2006, 1998, 2002), measured
the ability of participants to summarize the story in one sen-
tence i.e. the primary concept of the story, which required
substantial condensation of information and abstraction into
one generalized idea. Both AD and MCI groups performed
significantly worse than the control group. Furthermore, a
significant difference was observed between the performance
of AD and MCI groups, with the AD group scoring lower
than the MCI group. AD and MCI patients were generally
prone to giving more unimportant information or details
rather than summarizing statements, although individuals’
responses varied to some extent. Additionally, as was also
observed for previous measures, the AD group’s perfor-
mance was significantly worse compared to the old-older
adults.

Inferential clauses

Two studies used a think-aloud procedure (Creamer and
Schmitter-Edgecombe 2010; Schmitter-Edgecombe and
Creamer 2010), wherein participants were given a short nar-
rative text to read, and were asked to vocalize their thoughts
about the story simultaneously while reading the narrative
text. Every utterance of participants was classified either as
an ‘inferential clause’ or a ‘non-inferential clause’, by two
assessors, one of whom was blinded to the diagnostic status.
The classification system used by Trabasso and Magliano
(1996) was employed, wherein, statements that were either
explanations, predictions, or formed associations, were cat-
egorized as ‘inferential’, and other statements (e.g. repeti-
tions or paraphrases) were classified as ‘non-inferential’.
Although, overall, all groups uttered more inferential clauses
compared to non-inferential, both AD and MCI groups
uttered significantly fewer inferential clauses compared to
cognitively healthy adults.

Comprehension questions

One included study (Welland et al. 2002) used Yes/No ques-
tions as the only outcome to measure comprehension fol-
lowing story narration. The format used in this study was
adapted from the standardized discourse comprehension test
developed by Brookshire and Nicholas (1993). The ques-
tions were categorized based on the level of detail—main
idea and details, and the type of information—implied or
stated. Both patient groups—EDAT and MDAT—performed
significantly worse on all types of questions, compared to the
healthy group, but the performance of the two patient groups
did not differ from one another on any measure. All groups
generally performed better on ‘main idea’ questions com-
pared to ‘details’, and on ‘stated’ information compared to
‘implied’. Three other studies (Creamer and Schmitter-Edge-
combe 2010; Drummond et al. 2019; Schmitter-Edgecombe
and Creamer 2010) included comprehension questions fol-
lowing the other retelling and ‘think-aloud’ tasks, to test for
comprehension of the narrative passage. In two studies, half
of the True/False questions were based on information that
needed to be inferred from the text and half of the questions
were based on facts that were explicitly stated in the text. AD
and MCI groups answered fewer questions correctly, overall,
compared to controls, in all studies. However, when perfor-
mance on inferential questions was examined specifically,
in the two studies that made this distinction, AD and MCI
groups did not differ significantly from controls. Therefore,
in these studies, this measure was relatively less informa-
tive, as the nature of the questions (True/False) poses two
problems. First, there is a 50% chance of answering the ques-
tion correctly, irrespective of how well one may or may not
have understood the narrative. This can be observed in the
AD group’s performance, which was in fact at chance level.
Second, there may be possible ceiling effects in the healthy
adults group’s performance, as can be observed in the high
means across all the studies. It is also possible that perfor-
mance on this task was made easier by reliance on recogni-
tion memory, rather than recall. Therefore, this method may
not be optimal in terms of appropriateness and complexity
in investigating the current question.

Overall, a deficit in discourse comprehension in individu-
als with AD and MCI was consistently observed across all
studies, pointing to a robust effect. These result show that,
with the exception of one measure, discourse comprehension
measures are able to reliably distinguish early stage AD and
MCI patients from cognitively healthy older adults.

Association between discourse comprehension
measures and cognitive measures

In addition to examining the discourse comprehension dif-
ferences between AD, MCI, and cognitively healthy older
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adults, the review also aimed to examine whether perfor-
mance on the discourse comprehension task correlated with
performance on commonly used neuropsychological tests.
The purpose of this was twofold: the first was to examine
which cognitive processes, if any, are able to predict perfor-
mance on a discourse comprehension task, giving an indi-
cation of the underlying mechanisms involved; the second
was to determine whether discourse comprehension tasks
are able to tap into processes beyond what traditionally used
neuropsychological tests measure. Studies used tests such
as RAVLT, WAIS-III, listening span, D-KEFS, MMSE to
measure verbal memory, working memory, executive func-
tions. However, all these measures were not consistently
used across all included studies. Therefore, it was somewhat
challenging to draw robust conclusions about their asso-
ciation with discourse comprehension. For measures that
were employed in multiple studies, the results were mostly
mixed. When the association between MMSE scores and
performance on the experimental task were examined, one
study (Chapman et al. 2002) found a significant correla-
tion (r=0.65), whereas another study (Almor et al. 2001)
found only a marginally significant correlation between the
two measures, which disappeared when working memory
was accounted for. In another study (Welland et al. 2002),
MMSE scores did not significantly predict discourse com-
prehension when episodic memory or working memory were
added to the regression model. Similarly, working memory
measures were associated significantly (r=0.64, r=-0.83)
with discourse comprehension in two studies (Almor et al.
2001; Welland et al. 2002), but two other studies (Creamer
and Schmitter-Edgecombe 2010; Schmitter-Edgecombe and
Creamer 2010) found no association. It is important to note
that different studies used different tests to measure working
memory (e.g. listening span, WAIS-III, digit span). These
varying results may be due to heterogeneity in the different
experimental tasks and tests used in different studies. How-
ever, both studies that included a verbal memory measure
(RAVLT) found a significant, albeit moderate (r=0.50 to
r=0.64) correlation with discourse comprehension meas-
ures. Only one study (Welland et al. 2002) reported a posi-
tive association with episodic memory (r=0.91). Addition-
ally, one study (Creamer and Schmitter-Edgecombe 2010)
found significant correlations with TMT-A (r=0.58) and
D-KEFS (r=0.62), measuring attention and executive func-
tions, respectively. The study also looked at several other
tests of attention and executive functions, as well as tests
of language, but none of these showed association with
macrostructural measures of discourse comprehension. The
moderate correlation with verbal memory, and the moder-
ate or non-significant correlations with other measures indi-
cate that discourse comprehension tasks tap into additional
processes that are not assessed by neuropsychological tests
used routinely in the clinical diagnosis of AD. This warrants
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investigation of discourse comprehension tasks as a possibly
more comprehensive assessment tool.

Discussion

The purpose of this review was to synthesize results of stud-
ies investigating whether individuals with mild AD or MCI
experience significant deficits in macrostructural discourse
comprehension, in comparison with cognitively healthy
older adults. In the included studies, participants were pre-
sented with short narratives, which were accompanied either
by a think-aloud procedure, or were followed by a retelling
of the story in short, along with questions which measured
comprehension of the story. Six measures were identified
from these studies—naming latencies, global synopsis, les-
son, main idea, inferential clauses, and comprehension ques-
tions. Despite some variations in the methods and outcome
measures across the eight studies included in the review,
significant deficits in macrostructural discourse compre-
hension were observed in AD and MCI groups across all,
but one, measures in all studies, in comparison with cogni-
tively healthy older adults. These findings also receive addi-
tional support from results of neuroimaging and biomarkers
employed in the study by Drummond et al. (2019), where
they observed that performance on the discourse task was
associated with the degree of neurodegeneration observed,
in terms of reduced white matter integrity and neuronal loss.
Although the number of studies in this review was limited,
we observed a very consistent pattern of findings across the
studies, indicating a rather robust effect.

The groups with AD performed significantly worse
than healthy older adults on five of six measures, with
one measure (comprehension questions) showing mixed
results. Moreover, individuals with MCI similarly dis-
played significant deficits in performance when compared
to the healthy groups. In studies that included both, AD
and MCI groups, a direct comparison of their performance
showed mixed results. On the measure of ‘main idea’,
MCI group outperformed the AD group. However, for
the ‘lesson’ measure, performance of the two groups was
comparable in one study, whereas AD group performed
worse than the MCI group in another study. Similarly,
for the ‘summary’ measure, AD group performed worse
than MCI group in one study, whereas their performance
was comparable to the MCI group in another study. Most
notably, however, one study compared performance of the
AD group with the ‘old-older adults’ group (> 80 years),
and found that the AD group’s performance was signifi-
cantly worse on all three outcome measures included
in the study. This is noteworthy, as the mean age of the
‘old-older adults’ group was significantly higher than that
of the AD group. Although compared to younger adults,
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macrolevel comprehension shows some decline in older
adults (Cohen 1979), over time it stabilizes, and is seen
to be fairly preserved in the old-old, even though memory
for details is generally seen to deteriorate (Radvansky and
Dijkstra 2007; Ulatowska et al. 1998).

In addition to the discourse comprehension task, the stud-
ies also included some commonly used standardized cog-
nitive and neuropsychological tests. The only measure for
which an association was observed across the limited num-
ber of studies that employed it, was verbal memory, which
was measured using RAVLT. A deficit in verbal memory
measures has also been observed in the preclinical stage
of the disease, in earlier studies (Bondi et al. 1994; How-
ieson et al. 1997). Even so, the strength of the correlation
was moderate. It is noteworthy that all studies (Creamer
and Schmitter-Edgecombe 2010; Drummond et al. 2019;
Schmitter-Edgecombe and Creamer 2010) that employed
commonly used verbal tasks—verbal fluency and BNT—
did not find a significant association with macrostructural
discourse comprehension measures, even though the meas-
ures use some form of language production, and previous
discourse production studies have reported word-finding
difficulties (Slegers et al. 2018). Only one study reported on
correlations with episodic memory. Although the correla-
tion was strong, the measure for which the correlation was
reported was ‘Yes/No’ comprehension questions. It would
be of interest to see whether there is a correlation between
episodic memory performance and more complex measures
such as summarizing or giving the main idea of the text.
For working memory measures and MMSE, the associa-
tions produced mixed results; and when a significant asso-
ciation was observed, it was a moderate association. While
the inconsistencies in associations may be in part due to the
varying methodologies and tests used in different studies,
the strength of the associations do indicate that a discourse
comprehension task measures constructs beyond what clas-
sic neuropsychological tests are able to measure.

These findings highlight the need to go beyond classic
cognitive and linguistic tasks (e.g. verbal fluency, confron-
tation naming), for a more comprehensive approach, in the
neuropsychological assessment of MCI and AD. A discourse
comprehension task is more representative of everyday com-
munication and thus gives a more well-rounded picture of
cognitive and linguistic deficits, over tasks measuring iso-
lated linguistic functions. The complexity of such an assess-
ment paradigm also means that it is perhaps a more sensitive
indicator of AD pathology in the preclinical stage, although
that remains to be seen, and should be an avenue for future
research. Additionally, breakdown of communication is a
major issue in the latter stages of AD, and is a moderating
variable in determining functional independence of indi-
viduals. A discourse comprehension-based assessment tool
may help track the level of functional impairment as disease

progresses, and serve as a tool for targeting interventions to
maintain communication ability.

The findings of this review are also notable considering
that syntax and phonology are preserved in production of
language during the early or even early moderate stage of
AD (Kavé and Levy 2003). Evidence from studies exam-
ining spontaneous or picture-elicited discourse production
shows a similar pattern of breakdown, wherein participants
produce syntactically and phonologically sound sentences.
However, the discourse produced was severely lacking in
information content, coherence, and cohesion (Chenery and
Murdoch 1994; Laine et al. 1998; Toledo et al. 2018), criti-
cal macrolinguistic features of discourse. The preservation
of syntactic structure in production indicates that language
processing abilities are preserved at a local, sentence-based
level. Tracking information and establishing links across
sentences are tasks in which the deficits show. This suggests
that the comprehension deficits seen in AD patients are also
more reflective of impairment in cognitive functioning, and
consequently in areas where language and cognition interact.
Therefore, there is a need to go beyond testing paradigms
that study linguistic and cognitive functions independently
of the other.

While there has been considerable research looking at
patterns of language impairment in AD, this research has
been conducted primarily using laboratory tasks such as
word lists, confrontational naming, and word definitions,
which measure individual language functions in isolation
from others. These same testing paradigms are then used for
assessment of linguistic functions in clinical practice too.
Such paradigms do not transfer to situations that people
encounter in everyday life, lacking ecological validity. They
give us limited insight into individual language functions,
such as lexical access or semantic fluency, but no insight into
the multi-level processing of language use. Therefore, the
impairments seen in AD patients during communication are
often attributed to lexico-semantic deficits (Price et al. 1993;
Reilly et al. 2011). Considering that deficits were observed
on macrostructural measures of comprehension, as shown
in this review, we cannot attribute communication deficits
in AD to simply one linguistic component.

Everyday communication occurs in the form of situated
discourse, which involves more than simple retention and
retrieval of word lists in a contextual vacuum. Production
and comprehension of discourse necessitates higher-order
information processing, which requires interaction of lin-
guistic and cognitive processes. This includes integration
of context, accessing the appropriate schema, understand-
ing goals and intentions of the communicative counterpart,
merging of information in the text and semantic knowledge,
generating inferences, or simply deletion of superfluous or
redundant details (Kintsch and Van Dijk 1978). Such an
assessment paradigm that is rooted in the practicalities of
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everyday interactions and experiences, provides a holistic
approach in understanding cognitive and linguistic deficits in
AD, offering a new dimension to neuropsychological testing
practices and interventions. Previous studies with individu-
als with Traumatic Brain Injury (TBI) have also reported
macrolevel abstraction and comprehension deficits in this
population (Vas et al. 2015). They showed tasks employing
macrolevel processing to have high sensitivity and specific-
ity in TBI due to the complexity of processing required (Vas
et al. 2016). With processing occurring simultaneously on
multiple levels, any number of variables could be manipu-
lated in order to pinpoint the areas where interventions
should be targeted. Emerging evidence indicates that cogni-
tive training in MCI patients that targets macrolevel process-
ing not only benefits abstraction ability, but also extends to
other general cognitive functions like attention and executive
functions (Chapman and Mudar 2014; Das et al. 2019), and
is also linked to brain changes (Mudar et al. 2019).

Finally, as identified from previous studies, executive
functions, episodic memory, semantic memory, and work-
ing memory play important roles in discourse comprehen-
sion (Calvo 2001; Cohen 1979; Daneman and Merikle 1996;
Just and Carpenter 1992). It is possible that deficits seen
in macrostructural comprehension may be in part due to
impairment in any one of these, or possibly even multiple
processes. There is evidence already that these processes are
impaired in AD (Belleville et al. 2007; Huntley and Howard
2010). And, although, possibly all of these processes may
be implicated in the deficits observed, which of these play a
greater role remains to be seen.

Limitations

There are several limitations to this review. First, the review
was limited to studies published in English, which may also
somewhat limit the countries where the included studies
were primarily conducted. Another major limitation is the
low number and types of studies, due to the limited literature
existing in this area of research, reflecting the low emphasis
on studying interaction of linguistic and cognitive processes
in AD.

A further limitation is the heterogeneity of the tasks used
in the studies. Due to a lack of standardized tests measuring
discourse comprehension, the studies varied in the proce-
dure and measures implemented. As a result, a meta-anal-
ysis was not conducted, which somewhat limits synthesis
of the results. Further, there is a lack of consistency in the
neuropsychological tests applied in the different studies.
Therefore, it was difficult to draw robust conclusions about
the association between cognitive abilities and discourse
comprehension, and which abilities contribute to the defi-
cits observed. Future studies should closely examine these
associations.
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A major limitation of the literature is the lack of longi-
tudinal studies. Although the review placed no restriction
on the type of study design, none of the studies followed-
up with participants to track their trajectory. This would be
especially crucial with MCI patients, as it is presently dif-
ficult to predict conversion to dementia. Another possible
limitation in studying macrostructural comprehension lies
in the tediousness of the procedure for analysing discourse.
The linguistic expertise required to meet the standards in
this field is often not available. However, there have been
efforts in the past few years to simplify the procedure and to
develop standardized measures for discourse analysis (Dal-
ton et al. 2019). Additionally, recent advances in compu-
tational linguistics are promising, with major components
of the analyses being automatized, making the process less
time consuming and less error-prone (Aluisio et al. 2016;
Clarke et al. 2020).

Finally, as addressed previously, most of the included
studies employ tasks which use some form of language pro-
duction to measure comprehension. This is disadvantageous
to individuals whose comprehension ability may be unaf-
fected, but who may be experiencing deficits in production
of language. This issue can be resolved using tasks which do
not involve production, or even entirely non-verbal tasks that
measure macrostructural processing by using other cognitive
domains such as in visual world paradigms.

Future directions

This review highlights the potential of discourse compre-
hension measures as such a novel, comprehensive approach
towards neuropsychological assessment that is able to cap-
ture cognitive and linguistic variables at multiple levels—
microstructural, macrostructural, pragmatic, grammatical.
Given the consistent findings despite some methodological
variations across studies, its sensitivity during the early and
preclinical stage of AD (MCI), and its advantage over classic
cognitive tests, it warrants further research with more lin-
guistically and culturally diverse populations, and an attempt
to establish a standardized format for the test, with the aim
of early detection of pathology.

In one study, it was observed that individuals with AD
that scored in the normal range on MMSE showed difficul-
ties in discourse comprehension. Additionally, two studies
reported that MMSE scores were not associated with per-
formance on discourse comprehension measures. This indi-
cates that task paradigms such as those used in the studies
included in this review may be more sensitive in the early
stage of the disease. This is also evident in the performance
of the MCI group, which was significantly worse than the
healthy group, in all the studies that included these patients.
Such paradigms for assessment may also be advantageous
when considering individuals with a high cognitive reserve
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(CR), who take longer to show clinical indication of AD,
when tested using classic neuropsychological assessment
tools. It has, however, been suggested that using more com-
plex and challenging tasks may be better able to detect the
presence of pathology in this challenging group (Stern 2012,
2013).

In recent years, a number of reliable biomarkers of AD
have been identified (Khoury and Ghossoub 2019). Con-
sequently, this has opened up the possibility of detecting
AD in its preclinical stage, when individuals show no cog-
nitive deficits on standard neuropsychological assessments
(Haldenwanger et al. 2010; Villemagne et al. 2011). The
preclinical stage of AD is, however, characterized by subtle
cognitive deficits. Although standard neuropsychological
assessments, using simple, isolated tests of language and
cognition may not able to detect AD pathology during the
preclinical stage, this is not necessarily the case for more
complex cognitive tasks. In some recent studies that used
cognitive tasks requiring more complex processing (e.g. face
name association task, memory binding task), significant
deficits in performance were observed in preclinical AD
population (Rentz et al. 2013; Tort-Merino et al. 2017). In
the study by Drummond et al. (2019), which was included in
this review, it was observed that severity of deficits on dis-
course task correlated with the degree of neurodegeneration,
as measured through neuroimaging and CSF biomarkers, in
the AD group. A combination of biomarkers and compre-
hensive cognitive testing has shown more promise in pre-
dicting clinical outcomes, over biomarkers alone (Bondi and
Smith 2014). Future studies should aim for a translational
approach to investigate discourse comprehension ability in
preclinical AD population and its association with AD bio-
markers, for the potential development of a robust assess-
ment tool for the early detection of AD pathology in clinical
settings, where biomarker use is uncommon.

Additionally, in studies in this review that included both
MCI and AD groups, performance of the two groups was
comparable on some measure, but significantly different on
other measures. Upon closer examination, it was observed
that just over half of the individuals with MCI displayed
deficits in discourse comprehension, whereas the perfor-
mance of the rest of the group was comparable to the healthy
older adults. Previous research has shown that MCI patients
who go on to convert to dementia show more severe impair-
ment in some linguistic and cognitive domains, compared to
those who do not convert (Celsis 2000). Another study also
showed disparate profiles of MCI patients in a text compre-
hension task (Chesneau et al. 2016). It is of interest to find
predictors of conversion, and this approach shows prelimi-
nary promise.

Finally, it has been suggested that neuropsychological
testing should move into a new direction, focusing on novel
approaches, especially in populations in prodromal stages

of the disease, when classic neuropsychological tests are
unable to detect underlying pathology (Rentz et al. 2013).
Macrostructural processing, which taps into top-down pro-
cesses, seems to be a promising area for such research. A
multi-dimensional approach, combining several biological
and cognitive-linguistic predictors, also helps to track cogni-
tive changes over time and our ability to predict clinical out-
comes (Bondi et al. 2008). While discourse processing is one
paradigm that taps into these processes, other approaches for
testing comprehension at a macrostructural level, extending
to non-verbal paradigms as well, are warranted to measure
and understand the decline from the prodromal stage of AD
to the clinical stage.

Conclusion

Individuals with AD and MCI experience significant deficits
in discourse comprehension, which are not otherwise seen
in cognitively normally ageing adults, irrespective of their
age. These deficits are present in the early stage of AD, and
only show moderate correlation with verbal memory and
working memory capacity measures, indicating that they tap
into additional constructs. With the increasing emphasis on
identifying and characterizing the preclinical stages of AD
in order to target interventions, more studies are focusing on
such novel approaches, which have shown promising results.
Studying impairment in AD using tasks which require multi-
level cognitive processing, integrating knowledge from dif-
ferent sources and modalities, could reveal deficits which do
not show in less complex processes, at this stage. We con-
clude on the basis of the results obtained that studies which
use measures that tap into top-down processes rather than
studying individual linguistic and cognitive components
might serve this purpose, finally leading to a diagnostic tool
with clinical utility in early detection. Such an approach
has utility in research and clinical settings for differential
diagnosis, for predicting conversion from MCI to dementia,
and also as a tool for training intervention in older adults
who experience a subjective decline in cognitive functions.
Longitudinal studies, beginning before clinical onset of AD,
are required to determine the potential of this assessment
paradigm to identify indicators of AD pathology during the
preclinical stage. Additionally, further studies to increase
reliability and validity of this measure, and translational
studies which include neuroimaging and biomarkers, are
warranted to investigate the potential of discourse compre-
hension assessment paradigm for these purposes.
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ABSTRACT

Objective: Using standardized tests which have been normed on monolinguals for the assessment
of bilinguals presents challenges to the accurate characterization of cognitive profile as the litera-
ture provides compelling evidence for the influence of bilingualism on cognitive abilities.
However, little is known about the generalizability of these findings to clinical neuropsychology.
The aim of this review was to address this gap by summarizing current evidence on the perform-
ance of bilingual older adults on standardized tests routinely used in clinical practice.

Method: A systematic search of Web of Science, PsycINFO and PubMed was conducted. 27 cross-
sectional and longitudinal studies which use at least one standardized neuropsychological test for
cognitive impairment were included in the review. Potential demographic (cultural/linguistic back-
ground of the participants, immigrant status), clinical (diagnostic status), and methodological con-
founders (language of test administration, components of bilingualism) were also examined. The
review protocol was registered at the PROSPERO International Prospective Register of Systematic
Review with registration number CRD42018114658.

Results: The results of this review revealed some bilingual advantage on measures of inhibitory
control and bilingual disadvantage on measures of verbal fluency in cross-sectional studies.
Bilingualism status was not associated with test performance in longitudinal studies. However,
findings lack consistency due to demographic variables and methodological differences
across studies.

Conclusion: Neuropsychological tests assessing language domains and, to some extent executive
function act as clinically relevant features of bilingualism for neuropsychological evaluation.
However, immigration status, acculturation level and language of test administration needs to be

KEYWORDS

Aging; cognition; dementia;
language; neuropsycho-
logical assessment

taken into account when assessing bilingual older adults.

Introduction

The accuracy of clinical diagnosis of dementia and deter-
mination of its underlying cause play a crucial role in
prognosis and early, suitable and effective application of
disease-specific treatments (Salmon & Bondi, 2009).
Neuropsychological assessment, a fundamental tool used in
the diagnosis of mild cognitive impairment (MCI) and
dementia, is considered to be primary means of guiding dif-
ferential diagnosis, monitoring of the disease state and meas-
uring post-treatment outcome (Casaletto & Heaton, 2017;
Gracey & Morris, 2007). Normative comparison as a critical
concept in neuropsychological assessment allows for more
accurate detection of disease-related changes in cognitive
function since it enables a comparison between the perform-
ance of an individual and reference groups of the same age,
gender, ethnicity and educational attainment (Harvey, 2012).
Due to the significant independent effects of these demo-
graphic factors on test performance, the extant literature

provides demographically adjusted normative data in a var-
iety of neuropsychological tests (Casaletto et al, 2015;
Heaton et al., 2009; Norman et al., 2000). However, demo-
graphic characteristics of the population in Europe and the
United States have changed over the years because of
increased migration. This has resulted in increased diversity
in the population, in terms of ethnicity and spoken lan-
guages (Llorente et al., 1999).

Employing standardized tests, which have been normed
on monolingual populations for the assessment of bilinguals,
presents challenges to clinical diagnostic processes
(Gasquoine & Gonzalez, 2012). Bilinguals’ possible advan-
tages over monolinguals in executive tasks, and disadvan-
tages in language-based tasks (Mindt et al., 2008) may
produce biased results. Specifically, the cognitive advantages
associated with bilingualism has been shown as smaller costs
in task switching (Prior & MacWhinney, 2010) and smaller
conflict effects (Bialystok et al., 2004; Coderre et al., 2013)
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across a variety of executive functioning experimental tasks
and the Stroop task in populations ranging from children
(Bialystok & Feng, 2009) to young adults, with the most
robust advantage reported in older adults (Bialystok et al,
2012). On the other hand, cognitive disadvantages in rela-
tion to bilingualism has been indicated as reduced category
fluency (Portocarrero et al., 2007), poorer naming perform-
ance (Roberts et al., 2002) and retrieval failures (Golan &
Brown, 2006) with majority of these studies focusing on
young adults.

Bilingualism may influence neuropsychological test per-
formance (NP) beyond what is estimated by normative cor-
rections for age, education, sex and ethnicity (Suarez et al,
2014). Thus, it is imperative to understand the impact of
bilingualism on NP for the effective interpretation of test
results, in order to determine whether obtained scores truly
reflect individual’s cognitive abilities, or the effects of life
experiences such as bilingualism, particularly given the lack
of normative data for this population (Mindt et al., 2008).

The role of confounding variables

The findings in studies of cognition and bilingualism are
controversial and inconclusive due to large number of
potential confounding variables stated in the extant litera-
ture (Bak, 2016)

Language proficiency constitutes one of the critical con-
founding variables in this field as it provides implications
for operationalization of language dominance (Hulstijn,
2012) and covers multiple aspects of language experience for
its definition, such as vocabulary size, language use in a spe-
cific pattern or age of acquisition (AoA). The impact of lan-
guage proficiency on cognition was reported in the Stroop
task, with its modulating effect on inhibition (Singh &
Mishra, 2013), conflict resolution and goal maintenance (Tse
& Altarriba, 2012)

AoA is considered as a factor modulating language profi-
ciency in studies assessing the relation between bilingualism
and cognition. However, its role in the neural organization
of the bilingual brain has been more commonly investigated,
with findings showing a differential pattern of brain activa-
tion associated with lexical retrieval (Perani et al., 2003) and
syntax (Mahendra et al., 2003) in early language acquisition.

Variations in language proficiency and amount of expos-
ure to the language (e.g., AoA) play a crucial role in deter-
mining the language of testing in neuropsychological
evaluation of bilingual individuals. The impact of testing
language on NP has been consistently shown on neuro-
psychological tests requiring significant language demands,
namely, verbal fluency (Boone et al, 2007; Kisser et al,
2012), Boston Naming Test (BNT) and Digit Span (Boone
et al, 2007) in a sample of culturally diverse young and
middle-aged adults comparing native versus non-native
English speakers. In the study by Kisser et al. (2012), native
language status was additionally associated with a better per-
formance on the Trail-Making Test (TMT-A). However, the
associations between native language status and letter flu-
ency and TMT-A did not remain significant with the

inclusion of ethnicity as a covariate in the analyses. In
another study, which included a more culturally homogen-
ous group of Spanish/English bilingual adults (Gasquoine
et al,, 2007), no significant differences were found in test
scores between Spanish and English language administra-
tions in balanced bilinguals. However, the impact of lan-
guage of test administration was observed on tests that exert
a higher demand on language domain, such as, letter flu-
ency, Woodcock-Munoz Language Survey-Revised (WMLS-
R), Stroop Test and Story Memory in Spanish and English
dominant bilinguals Therefore, a critical understanding
regarding language of test administration is needed to inter-
pret the differences in NP for both clinical and
research settings.

Immigration status plays a distinct role in bilingualism
research as prolonged contact between culturally dissimilar
groups or members not only involves acquisition of another
language but also leads to cultural, psychological and cogni-
tive changes in terms of adapting to the cognitive styles of
the host culture, a process referred to as acculturation
(Berry, 2007; Park & Huang, 2010).The findings regarding
immigration status and cognition are mixed. Regardless of
bilingualism, some studies showed improved cognitive func-
tion and slower rate of cognitive decline in older adult
immigrants, (Hill et al, 2012). In contrast, others studies
reported either no significant differences in cognitive func-
tion and decline (Sheffield & Peek, 2009) or poorer perform-
ance on measures of abstract reasoning, verbal fluency, and
naming in immigrant groups (Touradji et al., 2001). Hence,
immigration status is a significant background variable
which may elucidate some differences on NP attributed to
bilingualism.

In light of these findings, language proficiency, AoA, lan-
guage of test administration and immigration status have all
been explored as possible modifiers of NP in bilingual older
adults. The influence of education and socioeconomic status
on NP was not addressed in relation to findings as they
were beyond the scope of this review.

Objectives of the current review

The aim of the present work is to summarize current evi-
dence on the performance of healthy bilingual older adults
or bilinguals with cognitive decline due to dementia on
standardized neuropsychological assessments routinely used
in clinical practice. Specifically, this systematic review
addresses whether (1) bilingual older adults display advan-
tages or disadvantages in NP, (2) the advantage/disadvantage
is found in specific cognitive domains and (3) the findings
are influenced by language proficiency, AoA, immigration
status and language of test administration.

Method
Search strategy and study selection

A systematic review of the literature was conducted using
the following databases: Web of Science, PsycINFO and
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PubMed. The search terms included were neuropsycho-
logical assessment, neuropsychology, cognitive tests, cogni-
tive assessment, cognitive performance combined with
second language, language proficiency, bilingualism, trilin-
gualism and multilingualism. Using these search terms, pub-
lished peer reviewed articles which were relevant to this
review were identified and collected for further review. No
restrictions on study design or date of publication were
applied. The final search was carried out on March 24th,
2020. Additionally, manual searches were conducted in
which reference lists of reviews and other articles were
examined in order to identify relevant studies not detected
by database searches. This review was conducted in accord-
ance with the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) guidelines (Moher
et al, 2009) and it was registered with the PROSPERO
International Prospective Register of Systematic Review
(Registration No: CRD42018114658).

Inclusion and exclusion criteria

Cross-sectional and longitudinal studies which use at least
one standardized neuropsychological assessment routinely
used in the diagnosis of dementia or cognitive impairment
were included. Neuropsychological tools were identified in
this review as brief screening measures, psychometric instru-
ments, intelligence tests or computer-based cognitive assess-
ments. The criteria used for selection of the studies were as
follows: (1) the study investigated the impact of bilingualism
on NP in older adults, (2) the study administered standar-
dized neuropsychological tests or cognitive screening instru-
ments which are commonly used in clinical practice, (3) the
study included a group of cognitively healthy older adults,
or individuals with MCI or any type of dementia, with a
mean age of 60years and older, (4) the study included a
monolingual group for comparison. Studies were excluded
if: (1) samples studied included comorbid neurological or
psychiatric conditions which did not allow clear differenti-
ation of findings by suspected etiology, (2) a modified ver-
sion of the neuropsychological tests or a novel test was used,
(3) conference abstracts, reviews, case studies, or PhD dis-
sertations, (4) studies were published in a language other
than English, or (5) studies aiming to provide normative
data in bilingual older adults.

The abstracts were screened for eligibility and potentially
relevant articles were reviewed in full via Covidence by two
independent reviewers, namely, doctoral students in psych-
ology (SC, EK). Disagreements between the two independent
reviewers were discussed and resolved or a third reviewer
(BT; PhD in biology) was consulted.

Data extraction

Data extraction process was guided by an extraction table
designed by the first author tailored to the aims of this
review. The extracted data included information on geo-
graphical region, study design, participant characteristics
(sample sizes for all groups, age, immigration status of

APPLIED NEUROPSYCHOLOGY: ADULT .

participants, diagnostic criteria used), the neuropsychological
tool/s used, the language of test administration, results and
conclusions. With regard to the outcome measures, only
measures of cognition based on standardized tests were
extracted from eligible studies and measures of cognition
based on experimental tasks were excluded from this review.
Additionally, in order to examine the extant literature com-
prehensively, in studies that included both younger and
older adults, only data of older adults was included in
the analysis.

Quality assessment

The methodological quality of the studies was evaluated by
two reviewers (SC, EK) using a modified version of the
Standard Quality Assessment Criteria for Evaluating Primary
Research Papers: Quality Scoring for Quantitative Studies or
“QualSyst” (Kmet et al., 2004). The Qualsyst tool consists of
14 items, of which, three items regarding interventional
studies were removed as they were irrelevant to included
studies. Additionally, one item related to adjustment of
potential confounders was eliminated. A large number of
potential confounding variables reported in this research
area did not allow their effects to be accounted for in each
study (Bak, 2016). The remaining 10 items assess studies
based on objective, design, subject selection, subject charac-
teristics, outcome measures, sample size, analytic methods,
estimate of variance, results and conclusion supported by
the results. Each item was scored as 2 (fully met the quality
criterion), 1 (partially met the quality criterion) or as 0
(did not meet the quality criterion). A summary score was
calculated for each study by dividing the obtained total
score by the maximum possible score. As defined by Lee
et al. (2008), quality of the studies was categorized as: lim-
ited (<0.50), adequate (0.50-0.70), good (0.71-0.79) or high
(>0.80). The studies were not excluded on the basis of their
score on the quality checklist, rather, this tool was used to
identify strengths and weaknesses of the current literature
and provide recommendations for future research.

Results

The search strategy identified 2,553 citations from the three
electronic databases and 7 citations from hand searching.
After adjusting for duplicates, 2,168 citations remained in
the pool of papers. After screening titles and abstracts, 85
citations were potentially eligible and full reports were
retrieved and analyzed. 58 studies were excluded based on a
detailed examination of the full text. A total of 27 studies
were identified and included in the review. The study selec-
tion process is summarized in Figure 1.

Study characteristics

Of the 27 included studies, 18 were cross-sectional and 9
were longitudinal studies. Tables 1 and 2 provide an over-
view of the main findings on bilingualism and its impact on
the NP based on the study design.
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Records excluded

Full-text articles excluded, with reasons

-No standardized assessment of cognition

-No control group of monolinguals (n=18)

-Outcome assessed was not test

-Variable assessed was not bilingualism

Heterogeneous clinical sample (n=2)

- Unpublished PhD dissertation (n=3)
-Use of a novel test (n=1)

Figure 1. Flowchart of literature search and study selection process.

Participants in cross-sectional studies were recruited
mainly from community settings (Anderson et al., 2017;
Clare, Whitaker, Martyr, et al., 2016; Kousaie et al., 2014;
Luo et al, 2013; Nielsen et al., 2019; Ossher et al., 2013;
Papageorgiou et al, 2019; Rosselli et al., 2000; Sheppard
et al., 2016; Soltani et al., 2019), participant pools (Bialystok
et al, 2008; Bialystok, Poarch, et al., 2014; Friesen et al,
2015; Ihle et al, 2016) and referrals to specialist memory
clinics (Clare, Whitaker, Craik, et al., 2016; Kowoll et al.,
2015; Rosselli et al.,, 2019). Sample sizes ranged from 24 to
2812. Additionally, of the eighteen cross-sectional studies,
eleven comprised only of cognitively healthy older adults,
one study included only patients with AD (Clare, Whitaker,
Craik, et al., 2016) and two other studies included partici-
pants with amnestic MCI (aMCI; Ossher et al., 2013; Padilla
et al, 2016; Rosselli et al., 2019). In longitudinal studies,
participants were included from referrals to specialist mem-
ory clinics (Bialystok, Craik, et al, 2014; Chertkow et al,
2010; Costumero et al., 2020), community samples (Yeung
et al.,, 2014; Zahodne et al., 2014) or individuals who were
part of on-going studies (Bak et al., 2014; Cox et al., 2016;
Padilla et al., 2016; Mungas et al., 2018). Sample sizes in

)
Records identified through database Additional records identified
S searching through other sources
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&=
P
=
[}
©
- v v
PR Records after duplicates removed
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=
T Titles and abstracts screened _
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—
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5 ~Unavailable (n=2)
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—
performance (n=7)
Total number of eligible (n=5)
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ge]
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©
=
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=

longitudinal studies ranged from 90 to 1459. Additionally,
the samples predominantly included MCI and dementia
patients, with only one study focusing solely on healthy
older adults (Cox et al, 2016). The follow-up duration in
the longitudinal studies ranged from 6 months to 63 years.
Two studies did not report on the cognitive status of par-
ticipants (Bialystok et al., 2008; Thle et al, 2016). Among
twelve cross-sectional and longitudinal studies that included
cognitively healthy older adults, three studies provide no
information on the instruments used for cognitive screening,
but reported that the participants were cognitive healthy
(Bialystok, Poarch, et al., 2014; Kowoll et al., 2015; Luo
et al, 2013). The absence of neurological and psychiatric
condition was the criteria used in some of the studies
(Anderson et al.,, 2017; Papageorgiou et al., 2019; Sheppard
et al,, 2016). Other studies reported on the instruments they
employed to test for cognitive status of the participants,
such as, the Mini Mental State Examination (MMSE;
Folstein et al, 1975), Montreal Cognitive Assessment
(MoCA; Nasreddine et al.,, 2005), Modified MMSE (3MS;
Teng & Chui, 1987), Beck Depression Inventory-II (BD-II;
Beck et al, 1996) and Hospital Anxiety and Depression
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Scale (Zigmond & Snaith, 1983) scores. Nine of the eleven
studies that included clinical samples reported detailed
information about diagnostic criteria. The diagnostic criteria
used in the studies, study characteristics and quality rating
scores are summarized in Supplementary Tables 1 and 2.

Different definitions of bilingualism used in the studies

The definition for bilingualism was found to vary consider-
ably in the studies. Specifically, five studies (Anderson et al.,
2017; Bialystok, Craik, et al., 2014; Chertkow et al., 2010;
Kowoll et al., 2015; Ossher et al., 2013) defined bilingualism
based on the criteria from Bialystok et al. (2007) namely,
bilinguals were defined as “individuals who spent the major-
ity of their lives, at least from early adulthood, speaking two
or more languages fluently”. Eighteen studies did not define
the criteria for bilingualism in sufficient detail (Bak et al.,
2014; Bialystok et al., 2008; Bialystok, Poarch, et al., 2014;
Costumero et al., 2020; Cox et al., 2016; Friesen et al., 2015;
Massa et al., 2020; Mungas et al., 2018; Nielsen et al., 2019;
Ihle et al, 2016; Padilla et al, 2016; Papageorgiou et al.,
2019; Rosselli et al., 2000, 2019; Sheppard et al, 2016;
Soltani et al., 2019; Yeung et al., 2014; Zahodne et al., 2014).
Of those, six studies (Bialystok et al., 2008; Bialystok,
Poarch, et al,, 2014; Friesen et al., 2015; Massa et al., 2020;
Sheppard et al., 2016; Soltani et al., 2019) did not specify
their criteria for bilingualism. In general, the definitions
used for bilingualism varied based on the goal of the study
and the bilingual population that were being tested. Bak
et al. (2014) and Cox et al. (2016) referred to bilingualism
as being able speak in a second language, Yeung et al.
(2014) and Costumero et al. (2020) described bilingual
groups based on the participants’ first language (e.g., English
bilinguals, for a group whose first language was English or
bilinguals, for a group whose native language is Catalan),
whereas Thle et al. (2016) identified bilingual or multilingual
groups based on the number of languages participants
spoke. Three study identified bilingualism based on the fre-
quency of second language use (Mungas et al.,, 2018; Padilla
et al, 2016; Papageorgiou et al, 2019), two based on the
level of proficiency (Rosselli et al, 2000, 2019), and two
other based exclusively on the second language proficiency,
instead of proficiency in each language (Nielsen et al., 2019;
Zahodne et al, 2014). The remaining four studies (Clare,
Whitaker, Craik, et al., 2016; Clare, Whitaker, Martyr, et al,,
2016; Kousaie et al., 2014; Luo et al., 2013) used more spe-
cific definitions of the bilingual groups showing some simi-
larities with the definition used by Bialystok et al. (2007).

Factors influencing neuropsychological test performance
in bilinguals

Language proficiency. The level of proficiency reported, and
tools used to measure language proficiency differ consider-
ably among studies. In sixteen studies, proficiency was only
measured through self-report questionnaires wherein partici-
pants rated their proficiency in the domains of reading,
writing, comprehension and speaking in either one or both
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languages, based on objective or subjective measures. Eight
studies did not report proficiency level. Four studies con-
ducted interviews to assess participants’ language history
(Chertkow et al., 2010; Costumero et al., 2020; Nielsen et al.,
2019; Yeung et al, 2014) and one study (Chertkow et al,
2010) categorized participants based on the number of lan-
guages spoken by participants instead of language profi-
ciency. In seven studies, proficiency was determined by
formal assessment in addition to the self-report question-
naire. Of these, five studies administered the measures to
both bilingual and monolingual groups. Two studies
(Kousaie et al., 2014; Sheppard et al., 2016) applied Animacy
Judgment Task (Segalowitz & Frenkiel-Fishman, 2005), one
study (Papageorgiou et al., 2019) employed British Picture
Vocabulary Scale-III (Dunn & Dunn, 1997) and one other
study (Massa et al.,, 2020) used verbal fluency task to both
monolingual and bilingual groups. Additionally, one study
included BNT as a measure of bilingualism (Rosselli et al.,
2000) for both bilingual and monolingual groups. The other
two studies only assessed proficiency for the bilingual group,
which included a combination of BNT and semantic verbal
fluency task in one study (Kowoll et al, 2015), and the
Wide Range Achievement Test-Version 3 (WRAT-3) in the
other (Zahodne et al., 2014).

The variation in measuring language proficiency makes
comparisons between studies difficult. Seven studies which
included highly proficient bilinguals reported an association
between bilingualism and NP, with four studies showing a
bilingual advantage in inhibition domain, namely, on the
Stroop task (Anderson et al., 2017; Bialystok, Poarch, et al.,
2014; Kousaie et al., 2014), and the elevator counting with
distraction subtest of the Test of Everyday Attention (TEA;
Clare, Whitaker, Craik, et al., 2016). The remaining three
studies showed better NP on the Corsi Block Test (Luo
et al., 2013), letter fluency (Friesen et al, 2015), and Color
Trails and Five Digit Test (Nielsen et al., 2019).
Additionally, a study (Zahodne et al., 2014) demonstrated a
better performance on executive function, memory and lan-
guage composite of neuropsychological tests for an increase
in self-reported bilingualism. However, other studies which
reported high level of language proficiency in bilingual par-
ticipants did not show any significant differences in neuro-
psychological test scores between monolinguals and
bilinguals (Kowoll et al., 2015; Papageorgiou et al,, 2019).
One study which did not apply strict proficiency criteria
found no significant differences in NP of bilinguals and
monolinguals (Padilla et al., 2016).

Age of second language acquisition. AoA was defined differ-
ently in the studies. It was identified as the age of learning a
language (Bak et al., 2014; Costumero et al, 2020; Cox
et al., 2016; Rosselli et al., 2019; Sheppard et al, 2016;
Yeung et al, 2014), the age of active use of a language
(Anderson et al., 2017; Bialystok, Craik, et al., 2014; Clare,
Whitaker, Craik, et al., 2016; Whitaker, Martyr, Clare et al.,
2016; Luo et al., 2013), as the age of exposure to the second
language (Papageorgiou et al., 2019; Rosselli et al., 2000) or
the age of arrival in a new country (Bialystok et al.,, 2008;
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Zahodne et al., 2014) in studies which included immigrants.
Information on AoA was not obtained from language his-
tory questionnaires or was not reported in twelve studies
(Anderson et al, 2017; Bialystok, Craik, et al, 2014;
Chertkow et al., 2010; Costumero et al., 2020; Thle et al,
2016; Kousaie et al., 2014; Mungas et al., 2018; Nielsen
et al., 2019; Ossher et al, 2013; Padilla et al., 2016; Soltani
et al., 2019; Zahodne et al., 2014).

Additionally, cutoff ages used to distinguish early and
late language acquisition varied between studies, depending
on the characteristics of included participants, with some
studies using 11 (Clare, Whitaker, Craik, et al., 2016), 12
(Rosselli et al., 2000), 18 (Bak et al., 2014), and 8 versus 12
or older (Bialystok et al., 2008) as cutoff points. This con-
founds the interpretation of outcome comparisons
across studies.

Four studies included AoA in their analysis. Of these, the
study by Bak et al. (2014) showed an effect of early AoA on
the tests for general intelligence and reading (NART) and of
late AoA on the tests of general intelligence, processing
speed (Symbol Search and Digit Symbol subtests of WAIS-
III) and reading. On the other hand, the studies conducted
by Bialystok et al. (2008), Papageorgiou et al. (2019) and
Rosselli et al. (2000) did not find any significant differences
in performance of early and late bilinguals in any of the
cognitive domains. However, in the study by Rosselli et al.
(2000), there was an interaction between AoA and the lan-
guage of test administration on tests of repetition, naming
and verbal fluency. Bilinguals who acquired English before
the age of 12 performed better in their second language,
namely, in the English version of the tests.

Language of test administration and the use of culturally
appropriate tools. Only five studies used validated neuro-
psychological assessment tools or reported conducting cul-
turally or linguistically appropriate neuropsychological tests
for bilinguals (Massa et al, 2020; Mungas et al, 2018;
Nielsen et al., 2019; Padilla et al., 2016; Rosselli et al,
2000). The potential impact of cultural, ethnic, and/or lan-
guage factors in test performance was rarely considered.
Of eighteen cross-sectional studies, seven included cultur-
ally and/or linguistically diverse participants in bilingual
groups who were either tested in their non-dominant or
second language. Monolingual groups were more likely to
share the similar cultural and/or linguistic background
(Anderson et al., 2017; Bialystok, Poarch, et al, 2014;
Bialystok et al, 2008; Kowoll et al, 2015; Luo et al,
2013; Ossher et al, 2013; Papageorgiou et al., 2019).
Additionally, the lack of use of neuropsychological tests
standardized for the cultural background of the bilingual
participants was commonly observed in these studies.
Three studies assessed the language groups in their native
language or language of preference (Ihle et al., 2016; Nielsen
et al.,, 2019; Rosselli et al., 2019). Eight studies administered
the tests in both languages of participants (Clare, Whitaker,
Craik, et al, 2016; Clare, Whitaker, Martyr, et al, 2016;
Kousaie et al., 2014; Kowoll et al., 2015; Massa et al., 2020;
Rosselli et al., 2000; Sheppard et al., 2016; Soltani et al.,

2019). Among the studies analyzing the impact of language
of test administration on NP, Clare, Whitaker, Martyr, et al.
(2016) indicated no significant differences in performance
between English and Welsh administration of Stroop task in
healthy bilinguals. Similarly, Rosselli et al. (2000) reported
similar test performance in healthy bilinguals on English
and Spanish language tests. The only exception was the
Cookie Theft task from the Boston Diagnostic Aphasia
Examination, on which bilinguals produced a greater num-
ber of words when using their second language, English. On
the other hand, in the study by Soltani et al. (2019) mono-
linguals performed better than bilinguals in the verbal flu-
ency test when bilinguals were tested in their native
language. However, no significant difference was found in
this test between monolinguals and bilinguals when bilin-
guals were assessed in their second and mostly frequently
used language. Furthermore, Kowoll et al. (2015) compared
the performance of bilinguals across different diagnostic
groups and tested them in their dominant and non-domin-
ant language on the verbal fluency task and BNT. Bilingual
MCI patients had a poorer performance when tested in their
dominant language, whereas bilingual AD patients had a
poorer performance when tested in their non-domin-
ant language.

Two other studies employed a different testing procedure
and tested French-English healthy bilinguals in three condi-
tions, namely, English, French and bilingual (either-lan-
guage) test administration wherein, participants could
perform the test using both languages simultaneously
(Kousaie et al., 2014; Sheppard et al., 2016). Both studies
reported an advantage for the BNT in monolingual English
speakers compared to monolingual French speakers and
bilinguals. The findings from these studies suggest that the
items of the BNT may not be equivalent in terms of diffi-
culty or familiarity in French and English. Furthermore,
Sheppard et al. (2016) showed that majority of bilingual par-
ticipants performed better on the BNT when bilinguals used
both languages during testing.

Of the nine longitudinal studies, three studies comprised
of participants with mixed linguistic and cultural back-
ground and participants were tested in their second-lan-
guage (Bialystok, Craik, et al., 2014; Chertkow et al., 2010;
Yeung et al., 2014). In the study by Yeung et al. (2014), the
participants whose second language was English performed
worse on a test of global cognitive function (3MS) than
those whose first language was English. Three studies
included more culturally and linguistically homogenous
samples, with Spanish-English speaking Hispanic and Latino
American individuals and assessed the participants in their
preferred language (Padilla et al.,, 2016; Mungas et al., 2018;
Zahodne et al,, 2014). In the study by Zahodne et al. (2014),
bilinguals demonstrated better baseline performance on
executive function and verbal episodic memory (Selective
Reminding Test) than monolinguals when tested in their
language of choice. The studies by Padilla et al. (2016) and
Mungas et al. (2018) used a validated neuropsychological
measure for the cultural and linguistic background of
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participants and reported no effect of language of test
administration on the 3MS in bilinguals.

Immigration status. The included studies were limited geo-
graphically, and thereby, culturally. With the exception of
two studies, conducted in Israel and Iran, all other studies
were conducted in Europe and North America. In half of
the studies from Canada and four from the USA, knowledge
of second language was linked to immigration status.
Additionally, in majority of studies that included immigrant
populations, the age at immigration (Bialystok, Craik, et al.,
2014; Chertkow et al, 2010; Padilla et al, 2016;
Papageorgiou et al., 2019; Sheppard et al., 2016) and the
length of residence in the new country (Anderson et al,
2017; Bialystok, Craik, et al, 2014; Bialystok et al., 2008;
Chertkow et al., 2010; Kowoll et al, 2015; Mungas et al,
2018; Padilla et al, 2016; Papageorgiou et al, 2019;
Sheppard et al., 2016) were not taken into account. Among
cross-sectional studies, seven studies did not report on
immigration status of participants (Bialystok, Poarch, et al.,
2014; Friesen et al., 2015; Massa et al, 2020; Ihle et al,
2016; Luo et al.,, 2013; Ossher et al., 2013; Sheppard et al.,
2016; Soltani et al., 2019). Two studies that included nonim-
migrants showed a bilingual advantage only in the domain
of response inhibition and management of response conflict
on the TEA and Stroop task (Clare, Whitaker, Craik, et al.,
2016; Kousaie et al., 2014). Of the nine longitudinal studies,
one study (Yeung et al., 2014) did not specify the immigra-
tion status of participants. In three studies including nonim-
migrant language groups, one study (Cox et al., 2016) did
not report any effect of bilingualism on a reasoning/plan-
ning test, whereas one study showed a multilingual advan-
tage on tests of verbal fluency, general intelligence,
vocabulary/reading (Bak et al, 2014) and one other indi-
cated a bilingual advantage on tests of global cognitive func-
tion, letter fluency (Costumero et al., 2020). Three studies
included immigrant participants in both monolingual and
bilingual groups in which two of them consisted of higher
number of immigrants in the bi/multi-lingual group
(Bialystok, Craik, et al., 2014; Chertkow et al., 2010; Mungas
et al., 2018). Lastly, the other two studies included samples
comprising of entirely immigrants in both language groups
(Padilla et al., 2016; Zahodne et al., 2014). Bilingualism was
associated with a better initial performance on language,
executive function and praxis items of a global cognitive
functioning test, before and after controlling for immigra-
tion status (Padilla et al., 2016), as well as, on tests of verbal
episodic memory (Selective Reminding Test) and executive
function without controlling for immigration status
(Zahodne et al., 2014).

Discussion

The primary rationale for this review was to assess the find-
ings from the extant literature to determine whether bilin-
gualism confers an advantage and/or disadvantage in NP in
older adults and, thereby, to give an insight into the assess-
ment of bilingual older adults in clinical practice as little is
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known about the generalizability of research on NP of bilin-
gual older adults to clinical neuropsychology. Language pro-
ficiency, AoA, immigrant status, and language of test
administration were factors addressed in this review to
examine whether participant and language related variables
influence the degree of advantage or disadvantage that bilin-
gual older adults may experience during test performance.

Does bilingualism in older adults offer advantages or
disadvantages in the neuropsychological test
performance?

In cross-sectional studies that included bilingual healthy
older adults, a bilingual disadvantage was observed in lexical
access tests involving vocabulary knowledge and verbal flu-
ency (Anderson et al., 2017; Bialystok et al., 2008; Bialystok,
Poarch, et al, 2014; Clare, Whitaker, Martyr, et al., 2016;
Luo et al.,, 2013; Rosselli et al., 2000), particularly in category
fluency subtests (Anderson et al, 2017; Bialystok et al,
2008; Rosselli et al., 2000). This is consistent with previous
literature showing poorer performance among bilinguals in
comparison to monolinguals on verbal tasks which require
vocabulary knowledge and faster lexical access across differ-
ent age groups (Kroll & Gollan, 2013). Explanation for these
findings might lie in the frequency lag (Gollan et al., 2011;
Gollan et al., 2008) and competition account (Abutalebi &
Green, 2007; Green, 1998; Kroll & Gollan, 2013). According
to the frequency lag account, bilinguals are exposed to each
word less frequently, as they speak each language less often
than monolinguals. Therefore, there is a weaker connection
between the words and the concepts represented by the
words, leading to reduced accessibility of words in each lan-
guage (Gollan et al., 2008).

On the other hand, the competition account assumes that
the intention to speak prompts simultaneous activation of
both languages in bilinguals, resulting in greater competition
for selection of the target language (Green, 1998; Kroll et al.,
2008). The need to resolve this competition between lan-
guages in bilinguals could slow down retrieval of target lan-
guage words. This may lead to a decrease in the number of
correct responses in bilinguals than in monolinguals
(Sandoval et al, 2010), particularly in a semantic fluency
task which relies primarily on lexical retrieval speed
(Gordon et al.,, 2018). Semantic fluency task is more con-
strained as it is highly dependent on the connections
between conceptual and semantic representations as opposed
to the letter fluency task, where such connections are not
required (Kavé & Knafo-Noam, 2015; Meinzer et al., 2009).
Additionally, semantic fluency is more likely influenced by
non-target language interference since translation equiva-
lents is in the same semantic category (Giezen & Emmorey,
2017). The study by Sheppard et al. (2016) provides add-
itional support for this account with the findings showing
an association between either-language test administration
and improved test performance in a non-speeded measure
of semantic memory, namely the BNT. This is perhaps not
surprising given that bilinguals may need to control interfer-
ence from the non-target language and resolve competition
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in lexical selection and BNT and semantic fluency put
demands on semantic memory (Henry et al., 2004). With
the simultaneous use of both languages, there may be no
need to inhibit any language. Therefore, no additional
resources are used in inhibition, making it easier for bilin-
guals to access the lexicon more quickly than they would in
a single-language test administration. Better performance on
the BNT when using either-language test administration was
found in bilingual healthy adults (Gollan et al., 2007).
Further, in cross-sectional and baseline results of longitu-
dinal studies, there was some evidence showing a bilingual
advantage with respect to inhibition and management of
response conflict domain assessed by the Stroop task in
healthy older adults, (Bialystok, Poarch, et al., 2014; Kousaie
et al.,, 2014; Massa et al., 2020) as well as in MCI and AD
patients (Anderson et al., 2017; Bialystok, Craik, et al,
2014). These findings are consistent with the results of a
previous study (Kousaie & Phillips, 2017) using both behav-
ioral and electrophysiological measures in older adults show-
ing a superior performance in the Stroop task in bilinguals
compared to monolinguals .The competition account may
provide an explanation for both the observed disadvantage
in lexical access and the advantage in executive control. The
mechanism of inhibitory control used by bilinguals regularly
to reduce interference from the non-target language (Green,
1998; Linck et al., 2008) may result in enhanced cognitive
control. The results from two studies with healthy older
adults (Friesen et al., 2015; Massa et al., 2020) may also lend
some support to this notion with findings showing a better
performance in bilinguals in letter fluency which demands
greater executive control functioning (Gordon et al., 2018;
Shao et al, 2014). The recruitment of executive control in
letter fluency may be a possible explanation of the observed
bilingual advantages in these studies as it is a verbal task
which requires retrieval of words starting with a specific let-
ter and inhibition of words beginning with different letters,
suggesting  involvement of conflict-resolution  skills
(Blumenfeld et al., 2016; Luo et al., 2010). This result is in
line with a previous study wherein the Stroop performance
as a measure of inhibitory control and conflict-resolution
was correlated with verbal fluency measures and bilingual
healthy adults outperformed monolinguals in letter fluency
task, especially, where there was a higher demand for execu-
tive control (Patra et al., 2020). However, on the other hand,
the studies by Bialystok et al. (2008) and Soltani et al.
(2019) with healthy older adults, provide contradictory find-
ings, with monolinguals showing a better performance than
bilinguals in letter fluency. A possible explanation for these
contradictory findings may be due to language of test
administration and executive control abilities in bilinguals.
In the studies by Friesen et al. (2015) and Massa et al.
(2020), majority of bilingual participants were assessed in
their dominant language and they were either matched on
executive function performance or a better performance was
reported in Stroop test for bilinguals. Furthermore, in the
study by Soltani et al. (2019), the bilingual disadvantage dis-
appeared when bilinguals were tested in their most fre-
quently used language. These findings suggests that bilingual

advantages may occur in verbal tasks which have a higher
role for executive control once the language of proficiency
has been accounted for (Luo et al., 2010), particularly in lan-
guage of testing. Overall, these results indicate that the
advantages and disadvantages associated with cross-linguistic
interference and inhibition may differ for tasks which
impose demands on lexical access and executive control.

The longitudinal studies examining healthy older adults
(Cox et al.,, 2016), older adults who are either with intact
cognition or cognitive impairment at baseline (Mungas
et al., 2018; Padilla et al., 2016), MCI and AD patients
(Bialystok, Craik, et al., 2014) and conversion to dementia
(Yeung et al,, 2014; Zahodne et al,, 2014) yield consistent
pattern of findings showing no bilingualism advantage on
test performance over time except for one study. The longi-
tudinal data from Costumero et al. (2020) which included
multiple-domain aMCI patients reported a greater cognitive
decline in letter fluency and global cognition in monolin-
guals compared to bilinguals. This finding is in contrast to
the findings from a longitudinal study with MCI patients
(Bialystok, Craik, et al., 2014), which did not find any differ-
ences between monolinguals and bilinguals on the letter flu-
ency task. The languages of bilinguals in the study by
Costumero et al. (2020) consisted of two typologically simi-
lar languages, namely, Spanish and Catalan and monolin-
guals were identified as passive bilinguals who could speak
Spanish and understand Catalan with poor fluency.
Furthermore, bilinguals and monolinguals did not differ in
their baseline performance on several tests. On the other
hand, in the study by Bialystok, Craik, et al. (2014), bilin-
guals were participants with various language combinations
and cultural backgrounds who were tested in their second
language. For this reason, interpretation of these studies and
their apparently conflicting findings is limited as a conse-
quence of a number of factors, namely, differences in typ-
ology, structure and culture between languages (Eng et al,
2019), language of test administration and definitions used
for bilingualism. These contradictory and inconclusive
results highlight the need for more longitudinal studies
investigating differences in performance on verbal fluency
tasks in monolingual and bilingual MCI patients.

In general, the evidence in favor of the existence of a
bilingual advantage is weak and observed more often in the
cross-sectional studies using measures of inhibitory control
or on baseline performance of bilinguals assessed in the lon-
gitudinal studies, but the findings lack consistency. A pos-
sible reason for these contradictory findings may be
methodological differences across studies, namely, the sam-
ple (size, inclusion/exclusion criteria, inclusion of different
clinical samples), different study designs, lack of consistency
in standardized tests used to assess cognitive domains and
language and participant related variables (see Figure 2).

What factors affect the findings of neuropsychological
test performance in older bilingual adults?

A number of methodological differences might explain the
apparent discrepancies in results across studies. First, the
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Components of bilingualism

Participant characteristics

Age °
Gender .
Education .
Premorbid Intelligence

Global cognitive status

Vocabulary knowledge
Physical/Mental health

status

Background characteristics

Ethnicity/ Culture
Socio-economic status
Immigration status

Number of languages spoken

Language proficiency

Age of language acquisition

The frequency of language use

The amount of exposure to the language
The context of language use

The manner of learning the language
Switching frequency between languages

Life-style factors

Diet

Alcohol
Smoking
Physical activity
Social activity
Occupational
complexity

Cognitive functions

Neuropsychological test performance

Figure 2. Confounding variables stated in the articles.

characteristics of bilingual participants varied across studies
due to lack of a standardized definition of bilingualism
(Anderson et al,, 2018), leading to inconsistencies in defin-
ing bilingualism across studies. In order to gain a clear
understanding of the nature of the relationship between
bilingualism and cognitive outcomes, it is important to
explore specific factors associated with bilingualism that may
be responsible for the observed effect (Kroll, 2009).
Language proficiency comprises a core aspect of language
experience in bilingualism research. However, only 19 stud-
ies reported the level of language proficiency of bilinguals.
Studies showed that higher level of language proficiency was
associated with better performance, particularly on tests
measuring inhibition. This corresponds well with the find-
ings of other studies using Stroop tasks (Tzelgov et al., 1990;
Zied et al., 2004) which indicate that the size of Stroop effect
is influenced by the proficiency in the second language such
that a minimum level of language proficiency is necessary to
elicit interference effects and higher levels of proficiency
results in better controlled processing. Additionally, the
finding regarding the higher level of language proficiency
and letter fluency task is in line with the results reported in
young adults (Luo et al,, 2010). A possible explanation for
this may be that the competition evoked by higher language
proficiency may result in more engagement in executive
control due to increasing demand imposed by managing
cross-linguistic influences. However, language proficiency
alone does not fully account for the advantage reported in

the studies as a few studies including highly proficient bilin-
guals indicated no significant differences in test scores
between language groups (Kowoll et al., 2015; Papageorgiou
et al.,, 2019).

Another variable related to bilingualism, namely, AoA
may provide further insight and help explain the inconclu-
sive findings. AoA is a complex variable as it is not only
associated with the level of input received according to years
of exposure, but also varied patterns of language use
between speakers with early and late acquisition (Antoniou
& Wright, 2017). Indeed, some studies included in this
review revealed a different pattern of test performance
among early and late bilinguals in various cognitive
domains. However, a major confounder is the different ages
used as cutoffs for the classification of early versus late
acquisition. The studies investigating the effect of AoA on
the neural organization of the bilingual brain commonly use
6 years of age as cutoffs (Wattendorf & Festman, 2008). It is
important for studies on the NP of bilinguals to determine
AoA for the categorization of early and late bilinguals, based
on available literature and examine its effect on NP for the
integration of findings. However, simultaneous bilinguals
who acquired two languages from birth can be considered
as a potentially distinct group since their experience may
vary from bilinguals with early AoA (Sabourin &
Vinerte, 2015).

Inconsistent results in NP of language groups may fur-
ther be explained by a methodological difference in the
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comparison of monolingual versus bilingual groups, namely,
language of test administration. In a few studies (Clare,
Whitaker, Martyr, et al., 2016; Rosselli et al., 2000), scores
on the Stroop task and language tests did not differ depend-
ing upon whether the tests were administered in different
languages. Upon closer examination of the characteristics of
samples, it can thus be hypothesized that inclusion of bilin-
guals with comparable proficiency in each language may
help eliminate the effects related to language of test adminis-
tration (Gasquoine et al., 2007). Furthermore, contradictory
findings in letter fluency performance highlight the need to
consider the testing language in bilinguals.

Language of test administration is also closely linked to
the issue of linguistically and culturally equivalent version of
the neuropsychological tests used in the studies. In some
studies, monolingual English speakers performed better than
monolingual French speakers on the BNT, pointing to a
limitation for cross-linguistic and cultural equivalence of
this test. This is further evident through studies which found
no impact of language of administration on test perform-
ance when using a validated assessment tool targeting the
cultural and linguistic background of the test-takers (Padilla
et al., 2016; Mungas et al., 2018). Taken together, the results
point to an interplay between language proficiency, language
of test administration and the use of culturally/linguistically
appropriate tools in the assessment of bilinguals.
Furthermore, these results highlight the need to evaluate
cross-cultural and cross-linguistic potential of neuropsycho-
logical tests and emphasize the importance of using vali-
dated assessment tools appropriate for the cultural/linguistic
background of the participants in order to obtain more
accurate results of NP in bilinguals.

Besides language-related confounding variables, another
critical factor that has been neglected in the studies is the
demographically diverse backgrounds of monolingual and
bilingual groups, such as different cultures/ethnicities and
language families. Specifically, studies were more likely to
compare a homogenous group of English monolinguals with
group of bilinguals comprised of varying cultural, ethnic,
and linguistic background (Bialystok et al., 2008; Luo et al,,
2013; Ossher et al., 2013; Papageorgiou et al., 2019). The
effect of cultural variables on neuropsychological tests is
well-established in the extant literature (Agranovich &
Puente, 2007; Ardila, 2005, 2007a; Loewenstein et al., 1994;
Walker et al., 2010). Cultural variables may exert a greater
impact on test performance in individuals with a non-
Western or non-English background as majority of the tests
used in clinical settings are developed by Western, English
speaking countries (Wong, 2000). Performance of culturally/
ethnically diverse bilinguals on neuropsychological tests may
be mitigated by an interaction of various linguistic and cul-
tural variables and not necessarily reflect a direct relation-
ship between cognition and test performance.

The diverse cultural and linguistic backgrounds in bilin-
gual groups also bring out another confounding factor in
the studies; immigration status of participants. In studies
examining nonimmigrant language groups (Clare, Whitaker,
Craik, et al., 2016; Clare, Whitaker, Martyr, et al., 2016; Cox

et al., 2016; Kousaie et al., 2014), there was no difference in
NP between monolinguals and bilinguals on tests of execu-
tive function, except for a small advantage in bilinguals on
the inhibition domain reported in cross-sectional studies
(Clare, Whitaker, Martyr, et al., 2016; Kousaie et al., 2014).
The findings in longitudinal studies were mixed; showing
either no long-term effect of bilingualism on NP or better
performance at baseline on tests of global cognitive func-
tioning., verbal episodic memory and executive function.
The association between immigration status and cognitive
function is still poorly understood (for a review, see Xu
et al, 2017). The inconsistent findings may be partially
explained by level of acculturation. There is a growing body
of evidence indicating that acculturation might be a salient
factor in NP differences among various ethnic/cultural
groups (Arentoft et al, 2012). Higher acculturation level is
significantly linked to better NP in a variety of cognitive
domains, including executive function, verbal fluency, nam-
ing, processing speed and global cognitive functioning
(Arentoft et al., 2012; Boone et al., 2007; Coffey et al., 2005;
Manly et al., 1998). However, acculturation was measured in
a few studies in cursory terms by focusing on country of
birth and length of residence in the new country without
referring to them as proxies of acculturation. Acculturation
is a multidimensional construct and these proxies yield only
an indirect measure of acculturation (Abe-Kim et al., 2001;
Lopez-Class et al., 2011). It could be that different levels of
acculturation as a consequence of immigration status may
have distinct effects on NP in language groups. Hence, the
implementation of acculturation measures has strong poten-
tial to benefit research in NP of bilingual older adults.

Taken together, all the factors listed reveal the difficulty
in disentangling the interplay between linguistic and, partici-
pant-related variables on NP.

Clinical implications

Despite the mixed findings, the results of this review can be
utilized as a tool that might aid in making clinical interpre-
tations with bi/multi-lingual populations in both clinical and
research settings. In order for accurate assessment of indi-
viduals’ cognitive abilities, researchers and neuropsycholo-
gists should take into account factors such as, acculturation
level of the individuals, culturally corrected norms or cross-
cultural neuropsychological assessment tools for participants
from diverse cultural backgrounds, as well as language profi-
ciency. Additionally, given the impact of language of test
administration, consideration of alternate assessment
approaches and identification of strategies for increasing the
utility of neuropsychological testing is of critical importance
when testing bilingual populations with differing proficiency
in each language. Lastly, due to contradictory findings on
letter fluency between cross-sectional and longitudinal stud-
ies, it remains an open question whether a differential per-
formance emerges between monolinguals and bilinguals.
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Limitations and future recommendations

The findings of this review indicate that AoA and profi-
ciency may play a distinct role in bilingualism research.
Although they are highly correlated, it has been shown that
AoA and proficiency influence the brain in different ways,
with AoA influencing regions used in grammatical process-
ing and proficiency affecting those involved in semantic
judgements (Wartenburger et al, 2003). A more rigorous
investigation of these two factors may help determine the
weight of their impact on test performance, specifically on
tests measuring language domain.

This review revealed that another critical language-related
factor, which has been largely overlooked in this area of
research is context of language use and language switching
pattern. Studies included in the review predominantly
addressed language proficiency or the number of languages
spoken by the participants. It is possible that the context in
which language is used and switching frequency between
languages might be associated with a different pattern of
findings. According to the Adaptive Control Hypothesis
proposed by Green and Abutalebi (2013), context is a key
factor in determining which language can be used and the
extent to which bilinguals can switch between languages.
For this reason, it has been proposed that the demand on
cognitive control processes can vary as a result of bilingual
language context. However, there is a paucity of research in
this area and future studies should closely examine the rela-
tionship between context of language use, language switch-
ing pattern and NP.

Furthermore, variables accounted for and neuropsycho-
logical assessments employed vary considerably across stud-
ies. For this reason, a meta-analysis was not possible.
Besides this, there was a lack of consensus on categorization
of cognitive domains assessed by neuropsychological tests in
the studies.

Finally, due to the scarcity of longitudinal studies, it is
currently difficult to fully understand the changes in NP
that occur with the progression of the disease in bilingual
MCI and AD patients. The use of longitudinal studies,
rather than cross-sectional studies seems to shed more light
on the relationship between language knowledge and cogni-
tion (Calvo et al., 2016).

Taken together, efforts should be taken to address or
examine moderating variables identified in this review and
to use more standardized neuropsychological tests that can
be appropriately used with culturally and linguistically
diverse bilingual individuals in order to elucidate the effects
of  bilingualism  on  cognitive = domains  more
comprehensively.

Conclusions

The research on NP in bilingual older adults is riddled with
complexity and discrepancies regarding the conceptualiza-
tion and measurement of bilingualism and its association
with immigration status, language of test administration and
the standardized assessment tools appropriate for the cul-
tural background of the tested population. This review
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demonstrated that neuropsychological tests in the language
domain, specifically in verbal fluency and to some extent
executive function (particularly, inhibitory control) repre-
sents a core and clinically relevant feature of bilingualism
which needs to be taken into account during the evaluation
of participants in clinical and research settings.

There is an increasing need for measures that accurately
and efficiently contribute to the neuropsychological assess-
ment of bilingual populations. The cross-culturally and
cross-linguistically applicable tests, namely, the Cross-
Linguistic Naming Test (Ardila, 2007b), European Cross-
Cultural Neuropsychological Test Battery (Nielsen et al,
2018) or tests (Five Digit Test, Stick Design Test, Rowland
Universal Dementia Assessment Scale) which are less influ-
enced by differences in cultural and language background
(Franzen et al., 2020) may utilize research in neuropsycho-
logical performance of bi/multilingual older adult groups
consisting of various cultural/language backgrounds.
Furthermore, the Language Background Questionnaire
(LSBQ; Anderson et al, 2018) which was developed to
quantify bilingualism based on a composite score in cultur-
ally diverse populations and to provide with evidence-based
classifications of language groups may help compare the
results of various studies effectively. Alternatively, language
proficiency is a significant indicator of individuals’ level of
acculturation as it characterizes the degree of integration in
a new country and the amount of exposure to the dominant
language of the host culture (Schumann, 1986). Thus, evalu-
ation of acculturation level may aid in determining the lan-
guage in which participants can be tested (Pontén) and it
can allow for addressing the contextual variables which may
maintain or improve language proficiency in bilinguals.

A comprehensive theoretical model is necessary to por-
tray which cognitive domains are influenced by which com-
ponents of bilingualism and to suggest testable predictions
(Antoniou, 2019). Furthermore, components of bilingualism
and participant-related variables stated in this review (see
Figure 2) highlight the lack of a thorough and systematic
understanding of the underlying factors contributing to the
inconsistent findings in the field and may provide an initial
step toward studies with more rigorous methodology.
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Objective: Given the increasing cultural, linguistic diversity in Europe, there is a growing need for cognitive
screening tools that minimize the influence of linguistic, cultural, and demographic differences as they are
the first means to determine the need for further clinical evaluation of individuals with suspected cognitive
impairment. This cross-sectional study compared performance on the Mini-Mental State Examination
(MMSE) and the Rowland Universal Dementia Assessment Scale (RUDAS) in Alzheimer’s Disease (AD)
patients in relation to cultural, demographic, and immigration-related factors (acculturation, bilingualism).
Method: The study comprised Turkish immigrant (n = 21) and monolingual, nonimmigrant German
(n = 20) and Turkish (n = 24) patients with AD. All participants were administered cognitive screening
tools, measures of depression, and dementia severity. Results: The mean MMSE total score was
significantly higher in German patients with AD compared to both patient groups, but did not differ
between native-born Turkish and Turkish immigrant groups. After adjustment for years of education,
differences in MMSE performance were no longer significant between groups. Furthermore, bilingualism
was associated with better performance on the MMSE in Turkish-immigrant patients. The mean RUDAS
total scores were similar between groups with and without adjustment for educational level. Performance on
the RUDAS was not associated with demographic and immigration-related variables. Conclusions: The
findings highlight the need to consider the educational background, linguistic integration of older non-
Western immigrants for the objective characterization of cognitive profiles. The results provide support for
the use of the RUDAS, particularly, among older Turkish immigrants with lower educational levels and

varying degrees of acculturation, bilingualism.
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Key Points

Question: This study examined the influence of cultural background and immigration-related experi-
ences on the Mini-Mental State Examination (MMSE) and Rowland Universal Dementia Assessment
Scale (RUDAS) by comparisons of Turkish immigrants and nonimmigrant, monolingual Turkish and
German patients diagnosed with Alzheimer’s disease (AD). Findings: Although the educational level
and second language knowledge of Turkish immigrants diagnosed with AD influenced performance on
the MMSE, no effects due to educational background and immigration-related experiences were
observed on the performance of the culturally appropriate screening tool, RUDAS. Importance: These
findings highlight the need to consider the cross-cultural potential of neuropsychological measures for
the objective characterization of cognitive profiles in clinical and research settings, given the rapidly
changing demographic characteristics of the population in Europe. Next Steps: Further research
regarding neuropsychological measures appropriate for different cultural contexts is needed and future
research should further elaborate the role of the educational and cultural background on cognitive test

performance.

Keywords: immigration, aging, racial/ethnic minorities, neuropsychology, cognitive assessment
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Cognitive screening tools are a crucial component of the diagnos-
tic process in dementia as they are used for early detection of
cognitive impairment as a first and brief step toward accurate
diagnosis. Currently, the most widely used cognitive screening
tool for dementia in clinical and research settings worldwide is
the Mini-Mental State Examination (MMSE; Folstein et al., 1975;
Sheehan, 2012) due to its ease of use and rapid administration.
However, the use of MMSE in culturally and linguistically diverse
older adults poses challenges for the diagnostic accuracy of dementia
detection as numerous studies have demonstrated that performance
on the MMSE is influenced by age, educational level, ethnicity, and
the language of test administration as well as immigrants’ limited
proficiency in the host country’s language (Escobar et al., 1986;
Espino et al., 2001; Jones & Gallo, 2002; Murden et al., 1991; Parker
& Philp, 2004; Ramirez et al., 2006). Of these influencing factors,
ethnicity has shown increasing importance in studies assessing
performance on a variety of cognitive measures due to its effect
on the acquisition of certain cognitive abilities and differences in the
sociodemographic characteristics of ethnic groups.

The Rowland Universal Dementia Assessment Scale (RUDAS;
Storey et al., 2004) was specifically designed to be used for dementia
screening in multicultural populations. It has been shown to be less
influenced by language, age, gender, and education than the MMSE
when employed in culturally and linguistically diverse populations
with limited or no formal education (Nielsen et al., 2012, 2013;
Nielsen & Jgrgensen, 2020). These findings render the RUDAS as a
potential alternative to the MMSE for use in culturally and linguisti-
cally diverse individuals in clinical and research settings.

A growing body of evidence suggests that experiential factors,
such as length of residence in a new country, acculturation, and
bilingualism, may also impact neuropsychological test performance
(Booneet al., 2007; Gasquoine, 1999; Gasquoine et al., 2007; Manly
et al., 2004). The Turkish community living in Germany, which
comprises the largest ethnic minority group in Germany (Bongard
et al., 2002), is a particularly important population to examine, not
only in terms of the effect of cultural and demographic factors but
also of experiential variables on cognitive screening instruments.
The educational level and literacy skills vary considerably, among

this population, particularly, in the first-generation Turkish immi-
grants. The majority of them have lower levels of formal education
than the native German population and their counterparts living in
Turkey. This is a result of German Labor Immigration Act from the
1960s and 1970s, which encouraged unskilled or semiskilled work-
ers to migrate to Germany (Sohn & Ozcan, 2006). Furthermore, due
to long-term residence in Germany and reduced exposure to their first
language, first-generation Turkish immigrants tend to mix languages
by inserting German words in the Turkish discourse (Yagmur, 2009)
and they may experience first language attrition. Therefore, many of
them may have limited language proficiency and fluency in both
Turkish and German. In addition to the education and language
profile, Turkish immigrants in Germany were shown to have greater
levels of identification with people of their own ethnicity and lower
levels of identification with the mainstream culture than their coun-
terparts living in Australia or the Netherlands due to differences in the
multicultural ideology of these countries (Yagmur & van de Vijver,
2012). Several studies have shown that lower levels of acculturation
are a significant predictor for diminished cognitive test performance
in different cultural groups (Al-Jawahiri & Nielsen, 2020; Coffey
et al., 2005; Kennepohl et al., 2004), specifically on tests relying
more on verbal items (Acevedo et al., 2007; Razani et al., 2007).
Therefore, assessment of acculturation, particularly, in this popula-
tion, may provide an insight into underlying reasons for differences
in cognitive test performance.

Research exploring the influence of cultural background and
immigration-related factors (acculturation, bilingualism) on the
performance of cognitive screening tools is scarce in Europe.
Studies available for immigrant groups in Europe have been based
primarily on non-clinical samples without comparison groups (Krist
et al., 2019; Nielsen et al., 2012) or samples with a mixed cultural
and linguistic background (Goudsmit et al., 2018). There are cur-
rently no studies conducted in Europe that examine the influence of
these factors on the performance of cognitive screening tools,
especially in a clinical sample (Krist et al., 2019). To our knowl-
edge, no study has been conducted on the comparison of test
performance in the native-born and immigrant individuals of the
same cultural background and native-born individuals of the host
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culture. Therefore, given the sociocultural characteristics of older
Turkish older immigrants in Germany, the primary aim of this study
was to build on the scant evidence regarding the impact of culture,
demographic, and immigration-related factors on the performance
of two cognitive screening tools: the MMSE and RUDAS. Perfor-
mance on these tests was examined in three groups of clinically
diagnosed Alzheimer’s dementia patients (AD); native born-
monolingual Turkish older adults, Turkish immigrants living in
Germany and native-born, monolingual German older adults. The
rationale for the inclusion of patients with AD was to assess whether
any influence of education, acculturation, and bilingualism on
cognitive screening tools was preserved in the presence of a clinical
condition and to determine performance differences in the early
manifestation of disease in individuals from different cultural back-
grounds. The secondary aim of this study was to examine perfor-
mance differences in the individual items of the MMSE and RUDAS
to gain insight into the item performance across groups.

Based on the available findings, it was hypothesized that (a)
native-born Germans with AD (GER-AD) would perform better on
the MMSE than Turkish immigrant (TR-IM-AD) and native-born
Turkish patients with AD (TR-AD), the difference in performance
being due to the development process of this test in a Western/
European context. It was also hypothesized that TR-IM-AD would
perform worse than a native-born Turkish group with AD due to
immigration-related experiences, and that (b) performance differ-
ences on the RUDAS would be less pronounced across groups and
be less influenced by education, gender, age, acculturation, and
bilingualism.

Method
Participants

A total of 65 community-dwelling individuals, with a diagnosis of
AD-type dementia (50 years and older), participated in the study
and were categorized into three groups, namely, monolingual TR-
AD (n = 24) and GER-AD (n = 20) without immigration back-
ground and TR-IM-AD participants (n = 21). The participants were
a cohort of older adults who were initially seen for clinical evalua-
tion due to memory complaints and other cognitive deficits at the
clinics of the Central Institute of Mental Health Mannheim, Uni-
versity of Cologne, Department of Neurology, and Dokuz Eylul
University Hospital. They were either recruited through referrals
from the neurologists or neurology clinic/old age psychiatry service
databases of hospitals. TR-IM-AD and GER-AD participants were
recruited from Mannheim and Cologne, where a large population of
Turkish immigrants live and TR-AD patients were recruited from
Izmir, Turkey. All patients were diagnosed according to the National
Institute of Neurological and Communicative Disorders and Stroke-
Alzheimer’s Disease and Related Disorders Association (NINCDS—
ADRDA) criteria for probable AD (McKhann et al., 1984) applied
by an experienced psychiatrist or neurologist. Additionally, the
guidelines of the German Society of Neurology (DGN) and the
German Society of Psychiatry, Psychotherapy, and Neurology
(DGGPN) were used in Germany as a diagnostic workup for
dementia. The diagnosis of AD was based on a comprehensive
medical, neurological, psychiatric and neuropsychological exami-
nation, routine laboratory tests, and MRI (T1, T2 and fluid-
attenuated inversion recovery sequences).

Inclusion criteria for GER-AD and TR-AD participants in this
study were (a) being of German or Turkish descent with a diagnosis
of AD, (b) a global Clinical Dementia Rating Scale (CDR) score of
0.5 or 1, (c) German and Turkish as primary languages with no or
basic second language knowledge, and (d) no residence in a foreign
country for more than 6 months. Turkish immigrants were eligible to
participate in the study if the range of their global CDR score was
0.5-1.0 and they were immigrants from Turkey and have lived in
Germany for a minimum of 10 years. All participants were carefully
screened for the following factors recorded in the databases and
were excluded based on a current or history of neurological diseases
(other than AD), delirium, current alcohol and/or substance depen-
dence, severe current psychiatric disorder (e.g., major depression or
psychosis at the time of assessment), current known physical
impairments that could interfere with test performance (e.g., move-
ment disorders, severe hearing impairment, or vision problems).
Inability to read and write and the score on the 15-item Geriatric
Depression Scale (GDS-15; Sheikh & Yesavage, 1986) also served
as exclusionary criteria for each group.

Instruments
MMSE

The MMSE has a maximum score of 30 points and consists of
items assessing various cognitive domains including orientation for
time and place (e.g., date, season, location), registration (repetition
of three items until they are learned), attention and calculation
(e.g., serial subtraction of 7’s, spelling “WORLD” backward),
memory (recall of the three repeated items), language (e.g., naming
common objects, reading, writing), and praxis (copying intersecting
pentagons). Standardized German (Kessler et al., 1990) and Turkish
(Giingen et al., 2002) versions of the MMSE were used in this study.

RUDAS

The RUDAS assesses six cognitive domains, namely, body
orientation, praxis, visuoconstructional drawing, judgment, memory
(delayed recall of items presented earlier), and category fluency
(animals), and gives a single score with a maximum of 30. The
validated Turkish (Ayan et al., 2019) and German (Nielsen et al.,
2019) versions of the RUDAS were employed in this study.

GDS-15

Turkish (Durmaz et al., 2018) and German (Gauggel & Birkner,
1999) version of the GDS-15 were reported to be a valid and reliable
tool for assessing depression when a cut-off score of 5 and 6 points
were used respectively for older Turkish and German populations.
The GDS-15 was administered to eliminate clinically significant
symptoms of depression in our study population. A score >9 as a
cut-off for moderate to severe depression was used in this study due
to the prevalence of depressive symptoms reported in patients with
AD (Gatz et al., 2005; Holmes et al., 1998; Holtzer et al., 2005), as
well as in immigrant populations (Aichberger et al., 2012), particu-
larly among first-generation Turkish immigrants living in Germany
(Beutel et al., 2016).
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CDR

The CDR (Morris, 1993) is an internationally and widely used
scale to stage cognitive decline and dementia in six domains of
functioning through a semistructured interview of the patient and
informant. Each domain (except for the personal care domain) is
scored on a 5-point scale of functioning with 0 = no; 0.5 =
questionable; 1 = mild; 2 = moderate; and 3 = severe impairment.
The global CDR score which is computed by entering the domain
scores into the Washington University online algorithm (http://www
.biostat.wustl.edu/adrc/cdrpgm/index.html) was used to characterize
the severity of dementia in this study. The CDR Sum of the Boxes
(CDR-SoB, range 0-18) was also calculated to provide more infor-
mation on the severity score of impairment (Hughes et al., 1982).

LSBQ

The LSBQ (Anderson et al., 2018) is a comprehensive self-report
bilingualism measure that allows for the computation of a composite
score for the classification of bilingual and monolingual participants
in culturally diverse populations. Bilingualism was characterized
based on the composite score obtained from the participant’s evalua-
tions of the community language use behavior, frequency of use for
each language and proficiency in their native and second language.
The items of the LSBQ were translated and back-translated from
English to Turkish or German by bilingual researchers with the
removal of some items irrelevant to the older population (e.g., lan-
guage used with grandparents, parents’ education). Therefore, data
regarding “language used with grandparents” were not entered into
the spreadsheet for the composite score calculation. As suggested by
Anderson et al., (2018), a composite score of less than —3.13 is
categorized as monolinguals while the score above 1.23 is classified
as bilinguals and scores that range between —3.12 and 1.22 may
reflect unspecific language backgrounds that cannot be categorized as
monolingual or bilingual, such as is the case in receptive bilinguals.

The Frankfurt Acculturation Scale

The Frankfurt Acculturation Scale (FRAKK; Bongard et al.,
2007) is a 20-item self-report questionnaire for measuring the
acculturation level of adult immigrants living in Germany. The
scale evaluates two dimensions of acculturation, categorized as
Orientation towards Culture of Origin (CO) and Orientation
towards Host Culture (HC). Each dimension has values between
0 and 60 and consists of 10 items regarding media preference,
language use, interethnic social networks, and ethnic identity which
are rated on a seven-point Likert scale ranging from 0 = absolutely
to 6 = absolutely not. The scores obtained from CO and HC yield an
Assimilation Index (AI), which represents the degree of an indivi-
dual’s socio-cultural adjustment to a host culture. The availability of
the FRAKK in the Turkish language and its use in the Turkish
immigrant population living in Germany (Bongard et al., 2002;
Reiss et al., 2015) made this instrument feasible to be employed for
this study.

Design and Procedure

All patients who met the preliminary inclusion criteria (being of
German or Turkish descent with a diagnosis of AD, being aged
50 years or older, no exclusion criteria) after the screening of

databases were contacted via a telephone call by the research
team. Participants were given information about the study aim
and procedure. If the participant was interested, a structured phone
interview was conducted to obtain more information on language,
immigration background, and functional status of patients. Patients
who were eligible for study participation were given an appointment
at the hospital.

All participants underwent an approximately 120-min assessment
procedure including examiner-administered demographic back-
ground, GDS, and CDR. TR-IM-AD patients were additionally
administered acculturation and bilingualism questionnaires (FRAKK
and LSBQ). Since none of the TR-AD participants reported any other
additional language knowledge during the testing session, the lan-
guage background questionnaire was not administered after conduct-
ing the MMSE and RUDAS to minimize the cognitive fatigue
associated with the testing procedure. All participants were tested
individually in a quiet room provided by the participating hospitals
and all tests and questionnaires were administered by experienced
Turkish and German neuropsychologists. Responses to the question-
naires and CDR were obtained with the help of a close family member
of the patient, if necessary. TR-IM-AD was assessed in their
language of preference and all of them chose to be tested in
Turkish. The order of administration of the MMSE and RUDAS
was counterbalanced.

Prior to data collection, this study was preregistered on the DRKS—
German Clinical Trials Register (DRKS-ID: DRKS00017380). The
study was completed in accordance with the Helsinki Declaration
and approved by the ethics committee at the Faculty of Behavioral and
Cultural Studies of Heidelberg University (AZ Cel 2018 1/1-Al), the
Medical Faculty of the University of Cologne (19-1242_1), and
Medical Faculty of the Dokuz Eylul University (2019/17-12). All
participants provided signed informed consent and in case of reduced
capacity to consent, informed consent by a proxy was obtained.

Statistical Analyses

Group differences in the distribution of categorical variables
including gender and global CDR scores were assessed using the
Pearson’s chi-square tests. For continuous variables (i.e., total
MMSE and RUDAS scores), where the assumption of normality
(Shapiro—Wilk test) and homogeneity of variances were met, sepa-
rate one-way analysis of variance (ANOVA) and analysis of
covariance (ANCOVA) tests were conducted to compare mean
differences in the three groups while controlling for demographic
factors when appropriate. Significant ANOVA test results were then
further examined using pair-wise comparisons (Fisher’s Least Sig-
nificant Difference; LSD). In case of an absence of normality for
some variables (age, years of education, and GDS-score), nonpara-
metric Kruskal-Wallis tests, with pairwise comparisons using Dunn
(1964) procedure with a Bonferroni correction were run to investi-
gate whether the three groups differed across those variables.
Kruskal-Wallis tests were also performed to explore the pattern
of performance differences in the individual and continuous items of
the MMSE and RUDAS between the three groups. Effect size values
were calculated and reported by using nf,, Cohen’s d for parametric
and r for nonparametric analyses. Chi-square tests were performed
for the items that were scored categorically on the MMSE (correct
vs. incorrect), when the expected cell count was >5, and Fisher’s
Exact test, when the expected cell count was <5.
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Lastly, Spearman’s rank-order and point-biserial correlations (gen-
der) were conducted separately in each group to investigate the
associations between demographic, immigration-related variables
and total scores of the MMSE and RUDAS. Additionally, a linear
regression was run to examine how much of the variation in test
performance was explained by years of education when a linear
relationship between the variables was indicated. All tests were two-
tailed, and a p-value < .05 was considered to be statistically significant.
Statistical analyses were performed using the SPSS for Windows
Version 25.0 (IBM SPSS, Chicago, IL, USA).

Results
Participant Characteristics

The sociodemographic and clinical characteristics of each group
are summarized in Tables 1 and 2. There were significant differ-
ences in years of education among groups, H(2) = 11.47, p = .003.
Pairwise comparisons with adjusted p-values revealed that TR-IM-
AD had fewer years of education than GER-AD patients (r = .52),
but there were no significant differences in years of education
between TR-AD and GER-AD (r = .34) groups and TR-IM-AD
and TR-AD (r = .17) participants. Overall, 41.7% (n = 10) and
66.8% of participants (n = 14) had <5 years of education in TR-AD
and TR-IM-AD groups, respectively, whereas the GER-AD group
received at least 8 years of education. With regard to the level of
depressive symptoms, there were significant differences in the
distribution of GDS-scores among groups, H(2) = 6.84, p =
.033. However, pairwise comparisons with Bonferroni adjustment
indicated that groups did not differ significantly in GDS-scores
(GER-AD vs. TR-AD: r = .33; GER-AD vs. TR-IM-AD: r = .36;
TR-AD vs. TR-IM-AD: r = .03). Age, distribution of sex,

¥*(2) = 345, p = .841, and dementia severity as measured by
global-CDR scores, x*(2) = .811, p = .667, were comparable across
groups.

Group Differences in Total Scores and Individual Items
of the MMSE and RUDAS

The detailed results for performance differences in terms of total
MMSE and RUDAS scores are presented in Table 3. One-way
ANOVA results revealed that the main effect of group was signifi-
cant for total MMSE score, F(2, 62) = 4.213, p = .019, nf, =.120.
Post-hoc analysis indicated that both TR-AD, p =.033,d =.73,95%
CI [-5.38, —.23], and TR-IM-AD, p = .007, d = .86, 95% CI
[—6.35, —1.04], groups performed significantly worse than GER-
AD patients on the MMSE, whereas TR-AD and TR-IM-AD groups
had a comparable performance on the MMSE, p = 488, d = .19,
95% CI [—1.65, 3.43]. The subsequent ANOVA on the total
RUDAS score revealed no main effect of the group, indicating
that three groups had a similar performance on the RUDAS, F(2, 62)
= .542, p = 584, n} =.017.

After adjustment for years of education, differences in MMSE
performance were no longer significant between groups, F(2, 61) =
1.16, p = .319, n% =.037, and years of education were significantly
associated with the total MMSE score, F(1, 61) = 16.80, p < .001,
n% =.216. The results remained unchanged in total RUDAS scores
between groups after controlling for years of education, F(2, 61) =
479, p = 622, 03 = 015,

Significant performance differences in individual items of the
MMSE and RUDAS across groups are shown in Table 3, while
additional information on these results is shown in Figure S1 and
Table S1.

Table 1
Sociodemographic and Clinical Characteristics of Each AD Group
TR-AD TR-IM-AD GER-AD
Variables (n=24) (n=21) (n =20) p value Group differences
Age, years®
M (SD) 70.33 (7.73) 71.62 (7.41) 74.70 (7.50)
Me%ian (range) 70.0 (55-85) 74.0 (57-83) 77.0 (56-85) .090
Sex
Female (%) 14 (58%) 12 (57%) 10 (50%) .841
Education, years®
M (SD) 8.13 (4.11) 7.05 (4.44) 11.00 (4.09)
Median (range) 7.0 (0-16) 5.0 (0-17) 9.5 (8-21) .003 GER-AD > TR-IM-AD
GDS score®
Mean (SD) 3.58 (1.58) 4.14 (2.85) 2.25 (2.09)
Median (range) 3.0 (1-6) 3.0 (0-8) 1.5 (0-7) .033 NS
Global CDR score”
0.5 (%) 12 (50%) 13 (62%) 10 (50%) .667
1 (%) 12 (50%) 8 (38%) 10 (50%)
CDR-SoB®
M (SD) 4.91 (2.05) 4.07 (1.85) 3.94 (1.94) 210
BL Com score
M (SD) Not Available —.33 (5.96) —5.58 (1.10) NA
Note. AD = Alzheimer’s disease; TR-AD = Native-born Turkish participants with AD; TR-IM-AD = Turkish immigrants with AD; GER-AD = Native-

born German participants with AD; GDS = Geriatric Depression Scale; CDR-SoB = Clinical Dementia Rating Scale Sum of Boxes, BL Com score =
Bilingualism Composite Score; NA = Not Applicable; NS = Not Significant in Pairwise Comparisons; ANOVA = analysis of variance. Significant p values
are marked in bold. CDR-SoB scores are not available for two participants in the GER-AD group.

2 Kruskal-Wallis Test. ° Pearson’s chi-square test. € One-way ANOVA.
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Table 2

Immigration-Related Characteristics of Turkish Immigrants Diagnosed With AD and Their Spearman Correlation Coefficients With MMSE

and RUDAS Total Scores

Variables M (SD) Min-Max MMSE (ry) RUDAS (ry)
Age at immigration 25.24 (1.3) 1443 .07 11
(years)
Length of residence in 46.38 (7.9) 31-60 -.08 —.14
Germany (years)
43.80 (8.9) 24-56 —-.08 18
HC 38.30 (10.8) 12-52 12 —41
Al 54.50 (17.3) 16-79 .06 —.42
Sub-group classification of Turkish immigrants with AD based on the acculturation and bilingualism scores
MMSE RUDAS
M (SD) T M (SD) Ts
Acculturation Low (n = 10) 17.60 (4.6) .04 21.20 4.2) -.21
High (n = 10) 18.40 (5.8) 19.60 (3.9)
Language groups Monolingual (n = 9) 15.78 (4.3) 52% 21.11 (4.2) -.15
Bilingual (n = 6) 21.83 (5.4) 19.67 (5.1)

Note.

AD = AD = Alzheimer’s disease; CO = orientation toward culture of origin; HC = orientation toward host culture; Al = assimilation index;

FRAKK = Frankfurt Acculturation Scale; MMSE = Mini-Mental State Examination; RUDAS = Rowland Universal Dementia Assessment Scale. CO, HC,
and Al scores are available for 20 participants as one patient did not fill in the FRAKK questionnaire.

*p<.05.

Factors Associated With Performance on the MMSE
and RUDAS

The associations between demographic and clinical variables, and
total MMSE and RUDAS scores in each group revealed that lower
global-CDR scores were significantly related to higher total MMSE
scores in the three groups (TR-AD: ry = —.76, p < .001; TR-AD-
IM: ry=-.55,p=.011; GER-AD: ry = —.64, p = .002). On the other
hand, lower global-CDR scores were significantly associated with
higher total RUDAS scores in TR-AD (r, = —.68, p < .001) and
GER-AD (ry = —.53, p = .015) groups, whereas there was no
correlation between these variables in TR-IM-AD group (r, = —.29,
p = .197). Furthermore, performance on the MMSE was strongly
correlated with years of education in the TR-AD-IM group (s = .75,
p < .001), whereas there was no significant relationship between
years of education and total MMSE score in the TR-AD (ry = .31,
p = .140) and GER-AD (r, = —.054, p = .820) groups. A linear
regression indicated that years of education significantly predicted
total MMSE score in the TR-IM-AD group, F(1.19) = 32.46,
p < .001 and it accounted for 63.1% of the variation in total
MMSE score with adjusted R* = 61.1%. Correlations between years
of education and total RUDAS score did not reach significance for
any of the groups (TR-AD: ry = .15, p = .487; TR-AD-IM: r, = .15,
p = .526; GER-AD: ry, = —.05, p = .819). Correlation coefficients
showed no significant relationship between age, gender, or GDS-
score and total MMSE and RUDAS scores.

In terms of immigration-related characteristics, the TR-IM-AD
group was categorized into two groups based on Al and bilingualism
composite scores. The scores suggested by Anderson et al. (2018) and
the median value of <59.50 were used as cut-offs for the classification
of language groups and low versus high acculturation, respectively.
A significant association was only evident for bilingualism and total
MMSE score, with bilinguals performing better than monolinguals
(p = .046). This performance difference remained significant
after adjustment for CDR-SoB scores, F(1, 12) = 5.248, p = .041,

n%, =.304. When bilinguals were excluded from the analyses, one-way
ANOVA results revealed that the main effect of group was significant
for the total MMSE score, F(2, 50) =7.371, p =.002, r]f, =.228, with
both TR-AD (p = .021, d = .73, 95% CI [-5.18, —.44] and TR-IM-
AD (p < .001, d = 1.60, 95% CI [—8.96, —2.68] groups performing
significantly worse than GER-AD patients. Furthermore, differences
in the total MMSE score between TR-AD and TR-IM-AD groups
approached, but did not reach statistical significance (p = .053,
d=.71,95% CI [-.04, 6.07]. After adjustment for years of education,
the MMSE performance difference between the TR-IM-AD and
GER-AD groups remained significant, F(2, 49) = 3.731, p = .031,
n%, = .132, with the GER-AD group performing better than the
TR-IM-AD participants (p = .028, 95% CI [.381, 8.452]). The level
of acculturation (MMSE: p = .855, RUDAS: p = .355) and other
immigration-related variables were not related to total MMSE or
RUDAS scores. Correlations between immigration-related variables
and total MMSE and RUDAS scores in the TR-IM-AD group are
presented in Table 2.

Discussion

The results of the study provided partial support regarding the first
hypothesis with poorer performance on the MMSE for the TR-AD
and TR-IM-AD groups compared to GER-AD patients. The findings
also lent support to the second hypothesis, which proposed that there
would be no performance differences in the RUDAS among the
groups, and no effect of demographic, cultural background, and
immigration-related variables on this test. However, contrary to our
expectations, significant differences in the MMSE performance
were no longer observed after accounting for years of education.
The cultural background had no independent effect on the total
MMSE score, particularly in the comparison of nonimmigrant and
monolingual groups such as the TR-AD and GER-AD participants.
Furthermore, variables associated with immigration experience did
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Table 3
Between-Groups Comparisons of MMSE and RUDAS

p value for group comparisons
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Adjusted M (SE)°
Attention, calculation®

MMSE total score®
Mean (SD)
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<.05
<.05

NS

NS
<.05

018
022
584
.622
012

4.05 (1.23)
17 (85%)
13 (65%)
20.75 (2.84)
20.45 (.930)

1.95 (2.04)
9 (42.9%)

2.88 (1.78)
16 (66.7%)
13 (54.2%)

19.63 (4.61)

19.69 (.812)

Phrase repetitiond (correct, %)

NS

5 (23.8%)

20.62 (4.09)
20.82 (.887)

Constructional praxis? (correct, %)

RUDAS total score®

.015

.064

1.00

3.0 (0-4)
2.75 (1.12)

2.0 (0-4)
1.76 (.995)

2.0 (0-4)
1.92 (1.28)

Adjusted M (SE)°

Judgment®

M (SD)

Native-born German participants with AD; NS = Not Significant; ANOVA = analysis

Rowland Universal Dementia Assessment Scale. Significant p values are marked in bold.
’s chi-square test, significant test results were followed-up by pairwise comparisons using the z-test of

Turkish immigrants with AD; GER-AD

Native-born Turkish participants with AD; TR-IM-AD

TR-AD
of variance; ANCOVA = anal

Note.

Mini-Mental State Examination; RUDAS =

ysis of covariance; MMSE
-way ANCOVA (education corrected).

4 Pearson

¢ Kruskal-Wallis test.

® One

two proportions with a Bonferroni correction.

? One-way ANOVA.

not result in performance differences in the MMSE, in comparisons
between the TR-AD and TR-IM groups.

The finding regarding the comparable MMSE performance
between native-born cultural groups (TR-AD and GER-AD parti-
cipants), after adjustment for education, is consistent with the results
of a few other studies. Studies comparing different native-born
cultural groups with or without clinically diagnosed dementia have
demonstrated that educational level accounted for cultural-group
differences (Dodge et al., 2009; Ng et al., 2007; Salmon et al.,
1989). For instance, in a cross-cultural comparison of MMSE
performance between Chinese and Finnish older adults, MMSE
scores were similar between groups after exclusion of a subgroup of
Chinese participants with no formal education from the analysis
(Salmon et al., 1989).

The result regarding the equivalent MMSE performance between
the TR-IM-AD and GER-AD groups, after adjustment for educa-
tional level, complements previous studies of the immigrant and
host-cultural group or English and Spanish-speaking individual
comparisons (Lindesay et al., 1997; Loewenstein et al., 1993;
Mungas et al., 1996; Murden et al., 1991). Those studies have
found no significant MMSE performance differences between
groups when the educational level was accounted for. Specifically,
in a study comparing community-dwelling older immigrant Gujarati
adults living in the U.K. and native-born British participants,
differences in total MMSE scores across groups were mainly
attributed to the effects of educational level and age, instead of
differences related to the cultural background (Lindesay et al.,
1997). However, the issue of the extent to which cultural back-
ground impacts MMSE performance is not well-understood in the
scientific literature (Leveille et al., 1998), as some other studies
indicated an association between MMSE performance and cultural
background in those groups, even after adjustment for education
(Bohnstedt et al., 1994; Welsh et al., 1995). The discrepancy in
findings can partly be explained by recruitment of immigrant
participants in host-cultural groups, considerable cultural heteroge-
neity within groups, bilingual status, and acculturation of older adult
immigrants. The interesting result from the comparison of the three
groups supports one of these explanations by indicating significant
group differences in the education-adjusted MMSE total scores
when the immigrant patients with AD had limited proficiency in
the language of the host country. With regard to acculturation, in
contrast to the study conducted with nondemented Turkish older
adults in Denmark (Nielsen et al., 2012), no correlation was found
between acculturation and MMSE score in the TR-IM-AD group.
The lack of correlation between these variables can be attributed to
differences in acculturation measures employed in the studies. A
bidimensional instrument that independently assessed acculturative
change in each culture was used in our study, as opposed to the
unidimensional measure employed by Nielsen et al. (2012). How-
ever, language proficiency as a strong component of acculturative
change (Coronado et al., 2005; Thomson & Hoffman-Goetz, 2009)
was associated with better MMSE performance in this group,
suggesting that language-related acculturation is a prominent factor
in cognitive screening test performance. This finding is in line with a
study conducted with Mexican American older adults, indicating
that language-related acculturation, more than identity-related
acculturation (e.g., self-identity, traditions, social interactions), trig-
gers acculturative changes in cognitive performance (Martinez-
Miller et al., 2020).

86



I
go through the American Ps

gical Association or one of its allied publishers.

Content may be shared at no cost, but any requests to reuse this content in part or whole must

yrighted by the American Psycholo

This document is cop

ychological Association.

CELIK ET AL.

In our study, no performance difference in the MMSE was
observed between TR-AD and TR-IM groups with and without
adjustment for years of education. This result is in contrast with the
results of a study conducted with healthy native-born Greek older
adults and Greek immigrants living in Australia, which indicated
significant differences in MMSE performance between the groups,
even after adjustment for educational level (Plitas et al., 2009).
However, as suggested by Plitas et al. (2009), second language
proficiency mediated the MMSE performance of the immigrant
group in our study, since the exclusion of bilinguals from TR-IM-
AD group increased performance differences among the groups on
this test. It is likely that the small sample size in our study resulted in
reduced power to detect between-group differences, as performance
difference on the MMSE across groups approached, but failed to
reach statistical significance. Regarding the RUDAS performance of
the three groups with AD, the finding that performance on the
RUDAS was not influenced by educational level is consistent with
previous studies that included low-educated participant groups with
and without dementia (Ayan et al., 2019; Goudsmit et al., 2018;
Mateos-Alvarez et al., 2017) and multicultural populations (Basic
et al., 2009; Goudsmit et al., 2018; Rowland et al., 2006). More-
over, in line with previous studies conducted with German (Nielsen
et al., 2019) and Turkish (Ayan et al., 2019) healthy older adults
and dementia patients, this study revealed no effect of immigration
status on the RUDAS, as assessed by the comparison of the TR-AD
and TR-IM-AD groups. However, the absence of correlations
between global-CDR and total RUDAS scores that was only
observed in the TR-IM-AD group contradicts previous studies
reporting an association between these variables (Goudsmit et al.,
2018; Mateos-Alvarez et al., 2017). The reason for this rather
contradictory result is not entirely clear.

The lower scores in “attention and calculation,” “phrase repeti-
tion,” and “constructional praxis” items of the MMSE in TR-IM-AD
group are consistent with previous studies investigating the pattern
of performance differences in the individual items of the MMSE in
Turkish (Nielsen et al., 2012), African-Caribbean (Stewart et al.,
2002), non-Western older adult immigrant groups with lower levels
of education (Goudsmit et al., 2018). Several studies examining
differential item functioning of individual MMSE items have shown
that these items were performed poorly by individuals of different
ethnic groups with lower educational levels and non-English back-
grounds (Escobar et al., 1986; Jones & Gallo, 2002; Teresi
et al., 1995).

Taken together, the results of this study extend prior findings
regarding the usefulness of the RUDAS in culturally and linguisti-
cally diverse populations and individuals with lower educational
levels. This study also provides evidence that the RUDAS can be a
valuable instrument in individuals with varying degrees of accul-
turation, bilingualism, and a better alternative to the MMSE in
clinical practice and research. On the other hand, total MMSE score
and individual items of the MMSE may be influenced by educa-
tional and language background, rather than cultural differences,
between German and Turkish patients with AD. However, the small
sample size in this study warrants caution in the interpretation of the
results and further investigation on larger samples, composed of
individuals from homogenous cultural backgrounds, are needed to
ascertain the validity of these findings. Despite efforts in several
cities in Germany, the recruitment of Turkish immigrant patients
was a major challenge due to the stigma attached to mental-health

2 <

research and the delay in seeking treatment resulting from percep-
tions of AD as being a natural part of the aging process or as a form
of insanity (Nielsen & Waldemar, 2016).

The use of the MMSE in people from the diverse cultural
background who have low educational attainment and/or limited
proficiency in the language of the host country may create an
important hurdle for the interpretation of cognitive results and
may have a detrimental impact on the treatment of AD as, for
instance, in Belgium, reimbursement for medication is terminated
depending on the MMSE score obtained by a patient (Segers et al.,
2013). Since low levels of education, particularly, six or fewer years
of education, have been shown to be linked to a greater risk for AD
in different cultural groups (Harmanci et al., 2003; Harwood et al.,
1999; McDowell et al., 1994), lower levels of education should not
be considered as a confounding variable in this study.

Although years of formal education was taken into account in this
study, recent cross-sectional studies have emphasized the role of the
quality of education on the neuropsychological test performance of
individuals with diverse cultural and linguistic background after
accounting for years of education (Manly et al., 2002; Sachs-
Ericsson & Blazer, 2005; Sisco et al., 2015). Thus, quality of
education, rather than the years of education, may have caused
the differences in MMSE performance observed between the
Turkish and German patients. Future studies may examine the
educational level in older adults by measuring self-rated literacy
(Kavé et al., 2012) and self-evaluated school performance (Mehta
et al., 2009), which have been shown to contribute to the prediction
of late-life cognition and AD. These measures may offer a practical
indicator of education quality and standards (Piccinin et al., 2013)
and would further enhance the studies on the role of education and
cultural background in cognitive test performance.

Conclusions

The findings highlight the need for consideration of educational
bias in the diagnosis of AD and the measurement of the progression
of cognitive decline for the first-generation immigrants while em-
ploying cognitive screening tools that have been developed and
normed in a Western/European context. Further, the results under-
score the importance of characterizing the linguistic integration or
bilingual status of the immigrants with early stages of AD for the
objective evaluation of cognitive deficits, irrespective of the test
administration in the primary language of the test taker. The present
findings should be considered as preliminary and exploratory,
considering that no other studies have examined the role of culture
and immigration-related variables on test performance in the com-
parison of these three samples.
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Chapter 5-General Discussion

5. Chapter 5-General Discussion

The present thesis aimed to fill the gap with systematic literature reviews on language and its
implications in early AD detection and objective characterization of cognitive profiles in people
with dementia. This work also contributed to the neuropsychology literature by addressing the
cross-cultural potential of a cognitive screening tool, RUDAS, in people from diverse cultural,

linguistic, or experiential backgrounds.

The sections below summarize and synthesize the findings of the studies revealed by these research
topics. Subsequently, the strengths and limitations of the studies are critically addressed. Finally,
this section concludes with an assessment of how the thesis may contribute to advancing

theoretical models and practical implications.

5.1. Summary and Synthesis of Findings

The goal of Study 1 was to summarize the findings of studies examining whether people with mild
AD or MCI have significant deficits in macro-structural discourse comprehension compared to
cognitively healthy people. Naming latencies, global synopsis, lesson, main idea, inferential
clauses, and comprehension questions were characterized as measures of macro-structural
comprehension in the eight studies included in the review. The findings of Study 1 revealed that
people with AD and MCI experienced significant impairments in macro-structural discourse
comprehension compared to healthy older adults in all measures, except for one measure;
comprehension questions. More specifically, groups with AD performed poorer than healthy older
adults on five of those measures, with comprehension questions showing mixed results.
Furthermore, the MCI groups showed similar impairments in performance to the AD groups

compared to healthy older adults.
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The review findings have also shown that syntax and phonology remain retained in language
production throughout the early or even early moderate stages of AD. However, the speech lacked
important macro-linguistic characteristics of conversation, such as information content, coherence,
and cohesion. Given the impairments in the macro-structural measures of comprehension, as
revealed by the review, communication impairments observed in AD cannot be deducted to only
one linguistic component. Discourse production is a partially conscious cognitive process
involving constructing, allocating, and updating mental representations of events and the
communication environment (van Dijk, 2006). This type of assessment paradigm, which reflects
everyday interactions and experiences, offers a comprehensive insight into cognitive and language
deficits in AD, adding a new dimension to neuropsychological testing and interventions. As the
review findings pointed out, the correlations between standardized neuropsychological tests and
discourse comprehension tasks were moderate only in verbal and working memory measures,
indicating a lack of ecological validity and limited insight into language functions in most
neuropsychological tests used commonly in clinical practice. Consequently, the multi-level nature
of discourse comprehension may tap into a more holistic view of cognitive and linguistic

deficiencies rather than tests evaluating separate or specific linguistic processes.

To summarize, Study 1 provides a consistent pattern of findings across the studies regarding the
potential of discourse comprehension measures in the early detection of AD. This review’s detailed
description of performance differences in discourse comprehension of MCI and AD groups
compared to healthy older adults add to our understanding of language deficits in the preclinical
stage of AD. Additionally, it highlights several issues in our current neuropsychological measures
and aids in identifying critical domains of discourse comprehension to provide a framework for

the neuropsychological profile of MCI and AD.
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Studies 2 and 3 also underscored the close relationship between language and cognitive changes
in older adults and examined the role of bilingualism on neuropsychological assessment tools to
interpret neuropsychological test results more accurately. To our knowledge, these studies are the
first to elucidate the neuropsychological consequences of bilingualism and its associated factors
in culturally and linguistically diverse older adult participants. More specifically, Study 2 pointed
out that a more scientific approach is necessary to understand and advance the neuropsychological
assessment of bilingual and monolingual older adults. The literature review of the studies
investigating the neuropsychological test performance of bilingual and monolingual older adults
over time found no conclusive evidence that bilingualism was associated with
advantages/disadvantages in test performance. The only consistent finding in the review was that
moderate advantages were observed in inhibitory control measures, whereas the disadvantages
were detected in language domain measures. However, these findings were noted in cross-
sectional studies, and they varied based on the language proficiency of the tested participants and
the language of test administration. Another finding was that cultural and immigration-related
biases (e.g. acculturation) in neuropsychological measures limit the ability to analyze performance
differences in language groups as bilinguals differed substantially from monolinguals in terms of
cultural background and immigrant status. Overall, the studies pose substantial methodological
challenges in identifying the nature and determinants of test performance differences as a function
of bilingualism. The language of test administration and participants’ language proficiency, age of
language acquisition, immigrant status and cultural background were all critical moderating factors
for neuropsychological test performance differences in language groups. The review indicated that
the identification of moderating variables and a theoretical construct of bilingualism are of critical

importance in gaining insight into neuropsychological test performance differences. A novel
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finding from this review is that this study offers a conceptualization in relation to different aspects
of bilingualism pertinent for understanding neuropsychological test results when conducting

neuropsychological tests with bilingual older adults.

In light of the findings from Study 2, Study 3 focused on several variables that were addressed in
Study 2 to examine their impact on neuropsychological test performance in culturally and
linguistically homogeneous groups. More specifically, the neuropsychological test performance of
Turkish immigrants living in Germany was compared to their counterparts living in Turkey who
had no immigration background to explore the effects of immigrant status and its associated
variables (e.g. bilingualism and acculturation). Furthermore, the comparisons between non-
immigrant Turkish and German patients with AD were drawn to examine whether cultural
background plays a role in test performance. In addition, given the critical role of cognitive
screening tools in detecting dementia, a cognitive screening tool developed in a Western/European
context or for WEIRD societies, MMSE, and a cross-cultural screening measure, RUDAS, were
chosen to investigate whether they were affected by those variables. The study by Nielsen et al.
(2012) also examined the role of these variables on the performance of RUDAS and MMSE in
non-demented Turkish immigrants in Denmark. Consistent with Hypothesis 3 (see Table 1) and
the findings from Nielsen et al. (2012), the results have revealed that RUDAS can be a valuable
tool for use with culturally and linguistically diverse older adults as performance differences in the

RUDAS were less evident between groups with AD.

Furthermore, the performance on the RUDAS was not affected by demographic variables,
educational level, bilingualism, and acculturation. The results provide additional support for the
cross-cultural applicability of the RUDAS that can be useful in improving screening accuracy for

dementia across all cultural and linguistic groups, not just minorities. This is important because,

94



Chapter 5-General Discussion

even after adjusting for demographic variables, cognitively healthy minority groups are more
likely to be misdiagnosed as impaired than the native-born populations (Manly & Mayeux, 2004).
However, there are practical challenges with establishing separate test norms for a wide range of
cultural contexts. In addition, variability of educational and cultural experiences within a particular
cultural group may decrease the accuracy of the test norms (Manly & Mayeux, 2004). Therefore,
the science and practice of neuropsychology are in need of assessment tools similar to the RUDAS

that are responsive to the rapidly changing and diverse nature of the population.

With regard to Hypothesis 1 and 2, TR-AD and TR-IM-AD groups performed worse than the GR-
AD group. However, after adjusting for the educational level, performance differences became
non-significant among the groups. Furthermore, contrary to our expectations, TR-AD and TR-IM-
AD groups performed similarly on the MMSE, indicating no effect of immigration status on test
performance. The comparison of the non-immigrant and monolingual groups such as the TR-AD
and GER-AD participants revealed no impact of cultural background on the MMSE performance,
after adjusting for educational levels. Interestingly, higher levels of bilingualism were associated

with better performance on the MMSE in the TR-IM-AD group.

To summarize, Study 3 indicated that performance differences were considerably greater on a test
developed in a Western context than the one developed in a multi-cultural context. Instead of the
cultural backgrounds of patients with AD, the educational background impacted performance on
a cognitive screening test developed for WEIRD societies. The results regarding the effect of
educational level on the MMSE performance are in line with many studies showing no
discrepancies in test performance among different cultural groups after adjusting for educational
levels (Loewenstein, Arguelles, Barker, & Duara, 1993; Mungas et al., 1996; Rasmusson, Carson,

Brookmeyer, Kawas, & Brandt, 1996). However, contrary to these findings, several studies,
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including culturally diverse populations, have also found that cultural factors significantly impact
the MMSE performance after accounting for educational levels (Kuller et al., 1998; Welsh et al.,
1995). In the following section, possible explanations for this inconclusive evidence in relation to

the results of Study 3 will be argued.

5.2. Is it Culture, Education, or Bilingualism? Critical Factors in Explaining

Neuropsychological Test Performance Disparities among Older Adults

The most widely recognized research criteria (McKhann et al., 1984) require evidence of decline
in cognitive performance in memory and two other cognitive domains confirmed by
neuropsychological tests for the diagnosis of probable or potential AD. However, the majority of
tests cannot efficiently be utilized in culturally diverse, low-educated populations due to their
reliance on Western culture, education, and literacy (Franzen et al., 2020). The lack of availability
of cross-culturally valid tests may explain why performance differences on neuropsychological
tests lead to over and under-diagnosis of cognitive impairment, especially in ethnic minority
groups. This section will review studies that have evaluated neuropsychological/cognitive test
performance of culturally different groups and discuss constructs that may be used to conduct more

methodologically rigorous research of cultural differences in the future.

Difficulties in interpreting test scores among ethnic minority older adults have been shown in
several cognitive screening instruments, with some of them conducted with the MMSE (Escobar
etal., 1986; Welsh et al., 1995). For instance, applying a standard cut-off score of 23 on the MMSE
in African-American and Hispanic patients living in the US caused over-diagnosis of dementia,

even after accounting for years of education (Bohnstedt et al., 1994).
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The impact of the cultural background was not limited to the cognitive screening tests and was
also observed in neuropsychological test batteries, including Bender-Gestalt Test and the 1981
Wechsler Adult Intelligence Scale-Revised (Adams, Boake, & Crain, 1982; Reynolds, Chastain,
Kaufman, & McLean, 1987). Moreover, disparities in neuropsychological test performance have
persisted even when culturally different groups are matched in age and education (Jacobs et al.,

1997; Kaufman, McLean, & Reynolds, 1988; Manly et al., 1998).

Contrary to these findings stated above, in line with the results of Study 3, several studies have
shown no variance in scores of MMSE and other neuropsychological tests after adjusting for years
of education (Loewenstein et al., 1993; Marcopulos, McLain, & Giuliano, 1997) or after matching
the participant groups on education (Ford, Haley, Thrower, West, & Harrell, 1996). In some
studies mentioned above, after adjusting for years of education, many of the variances in test scores
became non-significant in tests mainly assessing language domains (Jacobs et al., 1997; Manly et
al., 1998; Snitz et al., 2009). Education was found to be a more potent variable affecting test scores
in language tests (Snitz et al., 2009). However, the cultural background still impacted scores of
visuospatial skills from the Benton Visual Retention Test and category fluency (Jacobs et al., 1997;
Manly et al., 1998). Interestingly, more recent studies point out that years of education are an
inadequate indicator of educational experience among culturally/linguistically diverse populations
(Chin, Negash, Xie, Arnold, & Hamilton, 2012; Krch et al., 2015; Manly, Jacobs, Touradji, Small,
& Stern, 2002). Reading level measures and the country where education was received, namely
factors associated with the quality of education, were the strongest predictor of test performance,

rather than years of education or the cultural background of the participants.

Furthermore, another study employing the CERAD has pinpointed a novel influencing factor for

disparities in neuropsychological test performance (Fillenbaum, Heyman, Huber, Ganguli, &
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Unverzagt, 2001). In this study, the performance of older African Americans and Whites living in
North Carolina was examined by comparing it to the African Americans in Indianapolis and
Whites in Pennsylvania. The findings have revealed that the cultural background had no impact
on the North Carolina sample’s test performance after controlling for education. However, this
sample had lower scores than their African American and White counterparts in Indianapolis and
Pennsylvania (Fillenbaum et al., 2001). Taken together, in most studies, ethnicity or cultural
background is regarded as a proxy for factors of interest, such as genetic composition, cultural

experience, or environmental exposure (Manly & Mayeux, 2004).

Moreover, another facet of culture that has received scant attention in this literature is language,
specifically, bilingualism. Bilinguals who acquire their second language in a bicultural context
may attain some levels of biculturalism that can intensify the complexity between these variables.
Biculturalism, a cultural/ethnic identity development process that arises due to participation in,
and identification with two cultures (Ramirez-Esparza & Garcia-Sierra, 2014), may also influence
cognition (Tadmor, Tetlock, & Kaiping, 2009) and cognitive reserve. To our knowledge, no
previous attempt has been made to provide a comprehensive account of these environmental
exposures in the literature while assessing the influence of cultural factors on test performance.
The studies that do not evaluate these underlying elements provide only limited insight into the
disparities in neuropsychological test performance of culturally/linguistically diverse older adults

and cannot differentiate the impacts of these factors on test performance.

To sum up, ethnicity or cultural background is a challenging construct to assess as it has a variety
of hidden factors that may contribute to the inconclusive findings in this field. However, as in
Study 3, comparing immigrants from a particular cultural background with their native-born

counterparts offers an opportunity to study groups for which genetic characteristics are mostly
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unchanged, but environmental and cultural factors undergo significant transformations. In
addition, although adjusting for educational levels reduces the cultural bias in test performances,
the amount of variance accounted for by these factors within each group can be considerably
different (Romero et al., 2009). The interactions between these factors may be unique to the
particular groups which were examined as there is the heterogeneity of educational and cultural
experiences within a cultural group. Thus, further research, similar to Study 3, but with a measure
of the quality of education in addition to years of education, is required to understand how
education and cultural background interact with each other in specific cultural groups and how
these variables affect test performances. Such studies may help advance the research by enabling
a more in-depth examination of the complex interactions between individual and environmental
factors that generally influence cognition. In addition, the continuous investigation of the
individual and combined predictive power of these factors on cognitive test performance can
strengthen the validity of existing instruments. It may also help the development, validation, and

standardization of more cross-culturally applicable tests.

5.3. Strengths and Limitations

A major strength of this thesis is that all studies provide a much-needed exploration into language-
related cognitive changes in older adults by investigating the role of language in various facets of
pathological cognitive aging in culturally and linguistically heterogeneous samples. Mainly,
systematic reviews critically evaluated a number of methodologies and study designs to answer
the research questions covered in this thesis. In addition, the systematic reviews used a rigorous
search strategy, assessed the risk of bias in the studies, characterized the literature’s strengths and

weaknesses, and delineated recommendations for future research.
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Another strength of this thesis lies in the population of Study 3, which has so far been an
underrepresented population in European health research (Dingoyan, Schulz, & Mdésko, 2020).
Additionally, as stated before, previous studies have been limited to only the immigrant groups or
the comparisons between immigrant participants and individuals of the host country. Study 3
included native-born populations, namely, non-immigrant Turkish and German patients with AD,
as well as an underrepresented immigrant population in Europe, who were recruited from several
German cities, presumably more representative of the general population. Thus, this study design
has offered the opportunity to distinguish between the effects of culture and immigration-related
factors. Furthermore, as revealed by Study 2, given the limited research investigating the impact
of bilingualism on neuropsychological tests performed in participants’ native or preferred
language, to our knowledge, this study is the first to indicate the effect of bilingualism on the
MMSE even when performed in the native language of participants, by examiners with the native

fluency in Turkish and German.

An additional strength of this study concerns the use of multi-dimensional instruments and the
applicability of these tools in German and Turkish populations. In line with the concept defined
by Berry (1997, 2003), acculturation in the host country was explored with a bi-dimensional
acculturation model in our study. More specifically, acculturation outcomes assessed by the
FRAKK were measured based on the orientation to the culture of origin and to the host culture.
This model has been considered more suitable for understanding the complexity of acculturation
in immigrants and ethnic minorities (Costigan & Su, 2004). In addition, the FRAKK was validated
in the Turkish immigrant groups living in Germany (Bongard, Pogge, Arslaner, Rohrmann, &

Hodapp, 2002).

100



Chapter 5-General Discussion

Regarding the bilingualism questionnaire, a continuous and multifaceted approach was taken to
measure bilingual experience by including several dimensions of bilingualism, namely L1/L2
proficiency, language switching frequency and language used in certain activities or with people.
These variables were merged and converted into a composite score. Thus, the effects of
bilingualism on test performance were investigated as a continuous variable rather than a
dichotomous variable, as has been done in other studies of bilingualism. It allowed for the
concurrent consideration of several factors that may be associated with test performance

(Kaushanskaya & Prior, 2014).

However, the findings and contributions of the studies reported in this thesis need to be considered
in light of some potential limitations. Firstly, Studies 2 and 3 lacked data regarding another
potentially significant variable, socioeconomic status. Socioeconomic factors have been linked to
the risk of AD (Evans et al., 1997; Qian, Schweizer, & Fischer, 2013) and have been shown to
impact cognitive functions (Turrell et al., 2002). Although the educational level was used as a
proxy measure of socioeconomic status in these studies, occupational and economic prospects
associated with that educational level may not be alike (Manly & Mayeux, 2004). Therefore,
socioeconomic status may also have contributed to the relationship between educational level and
test performance. Secondly, the small sample size of 65 participants in Study 3 presents another
limitation to data generalizability and analytic approaches. As noted in Chapter 4, differences in
MMSE performance between Turkish immigrant and native-born Turkish groups with AD
approached but failed to reach statistical significance due to the possibility of a lack of statistical
power. Despite the several recruitment strategies implemented during the study process, access to
health care services was limited, especially in the Turkish immigrant group, due to certain beliefs

and lack of knowledge and awareness about dementia (Nielsen & Waldemar, 2016). Another
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limitation of this study relates to the assessment of the educational levels of participants. Reading
fluency has evolved as an alternate measure for defining educational quality. A study has provided
evidence that reading level had higher correlations with neuropsychological test scores than years
of education (Fernandez & Arriondo, 2021). Therefore, the use of a reading fluency assessment
would help investigate more in-depth whether various measurements of educational levels affect
test performance differentially in the participant groups. However, since several tests and
questionnaires were employed in this study, the use of additional questionnaires was avoided in
order not to cause assessment fatigue in the participants. Finally, the lack of association between
cultural background and test performance is likely influenced by specific characteristics of each
sample or methodology. Therefore, findings from Study 3 may not be generalizable to all cultural
groups since sample characteristics and methods are not comparable across different studies.
Accordingly, conclusions on the impact of cultural, educational, and linguistic background on test

performances are predicted to be limited to specific characteristics of the participants in the thesis.

5.4. Implications for Future Research

The present thesis has important implications for future research. Based on the current findings,

suggested research methodologies can be pursued in more detail.

Upon closer examination of the methodologies of the studies included in the systematic reviews,
participants in the studies of bilingualism and macro-structural discourse comprehension were
mainly located in an English-speaking environment. Therefore, studies included in the systematic
reviews were limited to specific geographic locations, including Canada and the USA.
Additionally, longitudinal studies investigating macro-structural discourse comprehension and the

effects of bilingualism on neuropsychological test performance in older adults were scarce.
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Therefore, more research that employs a longitudinal study design with a wider geographic range

and more linguistically and culturally diverse populations is warranted.

With respect to the systematic review investigating the impact of bilingualism on
neuropsychological test performance, it is vital for future studies to determine the cross-cultural
potential of neuropsychological measures before their utilization in bilingualism research. Or,
future studies should check whether neuropsychological assessment tools planned to be used for
the participant groups are validated for or relevant to the specific cultural and language groups

(Loewenstein, Argtelles, Argielles, & Linn-fuentes, 1994).

As evidenced in this thesis, bilingual individuals vary in linguistic experiences such as L1/L2 age
of acquisition and proficiency, language use patterns, including language switching and mixing
(Kaushanskaya & Prior, 2014). Either alone or in combination, these characteristics may have
distinct effects on executive functions (Kaushanskaya & Prior, 2014), CR (Guzman-Vélez &
Tranel, 2015), and brain plasticity (Sulpizio, Del Maschio, Del Mauro, Fedeli, & Abutalebi, 2020).
Since controlling for all these potential factors is not possible, an important avenue to pursue in
future research would be to examine the within-group variance among bilinguals to identify which
aspects of bilingualism are associated with improved performance or neural changes
(Kaushanskaya & Prior, 2014; Sulpizio et al., 2020). The absence of clarity in the
operationalization of bilingualism is a significant problem in this field as it invalidates comparisons
across studies (Adesope, Lavin, Thompson, & Ungerleider, 2010). The application of individual-
variability approaches within bilingual groups may allow for simultaneous modeling of multiple
experiential factors (Sulpizio et al., 2020), thereby providing a theoretical framework for
determining which features of bilingualism may impact particular aspects of cognition. Eventually,

a consistent operational definition and a clear identification of the explored components may help
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enhance the comparability across studies and the development of a comprehensive theoretical

framework.

As for the impact of education and bilingualism on the MMSE in the immigrant group, this study
provided preliminary evidence that tests developed for WEIRD societies are susceptible to
variability in educational and linguistic experiences of older ethnic minority adults with AD.
Although this thesis found no evidence for the relationship between acculturation and performance
on the MMSE in the Turkish immigrant group, in line with the study by (Tan & Burgess, 2020), it
has shown that specific constructs within acculturation, namely, language adoption was more
likely to associate with test performance. The four acculturation categories as proposed by Berry
(2005), namely, integration, marginalization, separation, and assimilation, were measured by the
subscales of the FRAKK. However, the effects of all four acculturation strategies on test
performance could not be investigated separately in our study as the small sample size of the
Turkish immigrant group did not allow for such a categorization. Moreover, the distinct effects of
these acculturation categories on test performance have not received much attention in the current
literature (Tan & Burgess, 2020). Therefore, future research should focus on four acculturative
strategies defined by Berry (2005) and include the domain of language knowledge to shed light on
their association with test performances. Taken together, this study should be replicated on
different culturally/linguistically homogenous groups with larger sample sizes and a broader
variety of socio-demographic factors (e.g., SES, specific constructs within acculturation, ethnicity,

bilingualism) to validate these findings.

5.5. Implications for Neuropsychological Practice

The studies involved in this thesis provide significant implications for improving the

neuropsychological evaluation of older adults in clinical practice.
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As stated in Chapter 2, features of discourse comprehension offer the possibility of detecting AD
in its preclinical stage and contribute toward a better understanding of early linguistic alterations
in the context of cognitive decline. There is a need for clinical tools that psychologists, speech and
language therapists can use more readily and help improve diagnostic and prognosis accuracy
(Bucks, Singh, Cuerden, & Wilcock, 2000). Based on the methods described in the systematic
review, naming latencies, global synopsis, lesson, main idea, and inferential clauses measures may
be considered as a basis for developing new tests assessing language abilities. Future validation of
these methods in preclinical AD samples can demonstrate that discourse comprehension may be a
potential tool for improving classification criteria to distinguish between normal aging, MCI, and
AD, as well as for informing appropriate treatment plans and effective interventions for adults with

MCI and AD dementia.

As for bilingualism and its association with neuropsychological test performance, the findings of
Chapter 3 highlight various factors that need to be taken into consideration in clinical practice
during neuropsychological testing of bilingual older adults. Firstly, it would be better to conduct
the neuropsychological evaluation of bilingual adults in their preferred, frequently used, and most
proficient language (Rivera Mindt et al., 2008). Language proficiency assessment should start
during the interview and include an evaluation of the frequency and context of language use, age
of language acquisition, the level of receptive and expressive language skills, switching between
languages, and acculturation issues (Romero et al., 2009). The use of acculturation measures may
also help determine the language in which the patients are evaluated (Pont6n, 2001). Furthermore,
identifying the most proficient language of the adults is essential for ensuring that performance on
the tests is not susceptible to the language of administration. As revealed by Study 2, the language

of test administration showed differing performance patterns, particularly on tests assessing
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language domains. Since language interference and the mixing of words between languages are a
common occurrence in daily conversations, administering and scoring language-based tests in both
languages of speakers may provide a more accurate and current picture of cognitive functioning
(Paplikar et al., 2021). However, another critical factor in evaluating bilinguals is the examiner’s
linguistic proficiency (Ponton, 2001), and these services may not be available at all times or
locations. Since the use of translated tests and interpreters has been criticized for affecting test
scores and standardized administration (Casas et al., 2012), the field of neuropsychology should
invest more effort in increasing the recruitment and retention of culturally/linguistically diverse

neuropsychologists (Romero et al., 2009).

Secondly, in the majority of bilingualism and neuropsychological performance studies, it was
unclear what norms were used when the tests were employed in culturally and linguistically
diverse bilingual groups. The effects of bilingualism on test performance may be eliminated by
using culturally or demographically appropriate norms. Based on these findings, it is still poorly
understood whether there is a need for using different norms for bilinguals and monolingual adults
in a clinical diagnostic environment. Therefore, one avenue for future clinical research can be to
investigate if bilingualism would associate differently depending on the norms used. This would
help translate empirical work to clinical practices in terms of procedures during the

neuropsychological evaluation of bilingual and monolingual adults.

Lastly, due to the interactions between language and culture, it was not possible to obtain a more
precise association between bilingualism and test performance differences across language groups.
Much of the work on bilingualism and neuropsychological test performance in older adults has
been confounded by other group differences, including ethnicity and immigrant status. These

findings reinforce the need to take into account the cultural bias of neuropsychological tests used,
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especially in clinical practice. One strategy to resolve these challenges in clinical practice is to
identify culture-fair tests that have shown linguistic equivalence between cultures instead of
avoiding verbal-nature neuropsychological tests to diminish bias (Fernandez & Abe, 2018).
Several tests, namely The European Cross-Cultural Neuropsychological Test Battery (Nielsen et
al., 2019), RUDAS, Cross-Linguistic Naming Test (Ardila, 2007), Five Digit Test (Sedo, 2004),
or the Stick Design Test (Baiyewu et al., 2005), have been suggested as suitable for use in
culturally diverse and low-educated groups (Franzen et al., 2020). Overall, future research on
bilingualism should employ clinically relevant approaches to better differentiate between culture,
bilingualism, and acculturation, such as using these culturally sensitive assessment tools and norms
and conducting a detailed interview or questionnaires regarding the cultural, linguistic, and

immigration background of the patients.

With respect to the findings of Study 3, the results are in line with a growing body of research
suggesting that MMSE score modifications based merely on age and education are insufficient to
properly account for performance disparities across various ethnic groups (Milman et al., 2018).
As shown in Study 3, Turkish immigrants with AD scored lower than German and Turkish patients
with AD on items that have been more closely linked to education and cultural background.
Although items-based performance pattern is considered in culturally diverse populations when
interpreting test scores (Matallana et al., 2010; Milman et al., 2018), this approach may have

practical limits in clinical settings.

Determining the most sensitive assessment tools for identifying cognitive decline is critical not
only for the early detection of dementia in clinical practice but also for international clinical trials.
Neuropsychological assessment tools are employed to select trial participants and used as clinical

outcome measures after the intervention (Ng et al., 2018). Hence, determining tools capable of
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identifying early cognitive impairment that are equivalent across culturally different groups is
crucial (Ng et al., 2018). To this end, Study 3 was an attempt to gain a better understanding of the
variables that impact test performance since insight into these variables can aid in identifying the
“real” source of variance in estimating individual and group differences (Romero et al., 2009).
Furthermore, it may eventually inform norms and promote more complex and accurate clinical
interpretations of neuropsychological data (Romero et al., 2009). As revealed by Study 3, RUDAS
may be a potential tool to be used for culturally and linguistically diverse populations in clinical
practice, as well as in multinational clinical trials. Furthermore, it may have certain advantages
over the MMSE since the scores on the RUDAS were not influenced by bilingualism in the

Turkish-immigrant group.

5.6. Conclusion

Going beyond previous work and adopting a holistic approach to linguistic skills in culturally
varied populations, this thesis significantly contributed to the literature on the relationship between
language, culture, and neuropsychological test performance in people with dementia. However, a
clear association between these variables was hampered by the differences in the methodologies,
sample characteristics, neuropsychological tests used in the studies, and the operationalization of
macrostructural comprehension and bilingualism. Despite these challenges, this thesis identified
several discourse comprehension measures to aid in the early characterization of AD and elements
of bilingualism that are empirically and conceptually relevant to test performance. Furthermore,
educational level was identified as a factor in ethnic minority older adults impacting performance
in a test commonly used in clinical practice and research. Interestingly, the cultural background
was not associated with test performance on this test which was developed for the

Western/European context. On the other hand, this thesis uncovered a culturally sensitive cognitive

108



Chapter 5-General Discussion

screening tool that can be employed in German and Turkish populations diagnosed with AD in
both clinical and research settings. Based on these findings, it is believed that this thesis will serve
as a base for future studies on the potential of language as an early marker of AD pathology and
as a variable bringing along multiple experiential factors that influence the neuropsychological
evaluation of older adults. Given the shifts in Europe's demographic profile, there is an urgent need
for neuropsychological services to competently assess the increasing number of older adults from
various cultural and linguistic backgrounds. There is a scarcity of empirically based, practical
information aimed at serving these populations. Therefore, future studies on this topic are required
to validate the recommended approaches to increase the accuracy and precision of

neuropsychological testing in culturally and linguistically diverse people with dementia.
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Appendix A 1st Publication (Study 1)

S1: PRISMA 2009 Checklist

such that it could be repeated.

Section/topic Checklist item Reported
on page #

TITLE

Title Identify the report as a systematic review, meta-analysis, or both. 1

ABSTRACT
Provide a structured summary including, as applicable: background; objectives; data
sources; study eligibility criteria, participants, and interventions; study appraisal and

Structured summary ; : R . S A 2
synthesis methods; results; limitations; conclusions and implications of key findings;
systematic review registration number.

INTRODUCTION

Rationale Describe the rationale for the review in the context of what is already known. 3-6

- Provide an explicit statement of questions being addressed with reference to participants,

Objectives . . . i 6-7
interventions, comparisons, outcomes, and study design (PICOS).

METHODS

o Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address),

Protocol and registration ) . . N L . A -
and, if available, provide registration information including registration number.
Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics

Eligibility criteria (e.g., years considered, language, publication status) used as criteria for eligibility, giving 8
rationale.

Information sources Describe all information sources (e.g., databases with dates of coverage, contact with 5
study authors to identify additional studies) in the search and date last searched.

Search Present full electronic search strategy for at least one database, including any limits used, S0
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State the process for selecting studies (i.e., screening, eligibility, included in systematic

ideally with a forest plot.

Study selection 9 review, and, if applicable, included in the meta-analysis). -8
. Describe method of data extraction from reports (e.g., piloted forms, independently, in
Data collection process 10 ! S 2 T : . 8
duplicate) and any processes for obtaining and confirming data from investigators.
. List and define all variables for which data were sought (e.g., PICOS, funding sources)
Data items 11 . NN 8
and any assumptions and simplifications made.
Risk of bias in individual Describe methods used for assessing risk of bias of individual studies (including
) 12 | specification of whether this was done at the study or outcome level), and how this 8
studies ) L . i
information is to be used in any data synthesis.
Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means). 11
. Describe the methods of handling data and combining results of studies, if done,
Synthesis of results 14 | . : : 9 ) -
including measures of consistency (e.g., I°) for each meta-analysis.
Risk of bias across studies 15 Spec_lfy any assessment of risk of blas_thgt may_affect the cumulative evidence (e.g., B
publication bias, selective reporting within studies).
Additional analyses 16 Descrlpe me_thods of_ad(_jltlc_)nal an_alyses (e.g., sensitivity or subgroup analyses, meta- B
regression), if done, indicating which were pre-specified.
RESULTS
. Give numbers of studies screened, assessed for eligibility, and included in the review, i
Study selection 17 | ~. . . . . 9, Fig. 1
with reasons for exclusions at each stage, ideally with a flow diagram.
. For each study, present characteristics for which data were extracted (e.g., study size, 9-11, Tab.
Study characteristics 18 PICQOS, follow-up period) and provide the citations. 1
Risk of bias within studies 19 Presgnt data on risk of bias of each study and, if available, any outcome level assessment 8-9, Tab. 1
(see item 12).
Results of individual For all outcomes con3|d_ered (ber_1ef|ts or harms), present, for each study: @) S|mple 13-19
studies 20 | summary data for each intervention group (b) effect estimates and confidence intervals, Tab. 2

Synthesis of results

21

Present results of each meta-analysis done, including confidence intervals and measures
of consistency.
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Risk of bias across studies

22

Present results of any assessment of risk of bias across studies (see Item 15).

Additional analysis

23

Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-
regression [see Item 16]).

DISCUSSION

Summarize the main findings including the strength of evidence for each main outcome;

data); role of funders for the systematic review.

Summary of evidence 24 | consider their relevance to key groups (e.g., healthcare providers, users, and policy 19-23

makers).
. Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level

Limitations 25 . - . g . . 24
(e.g., incomplete retrieval of identified research, reporting bias).

Conclusions 26 I_Drov_lde a general interpretation of the results in the context of other evidence, and 25.98
implications for future research.

FUNDING

Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of 28
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S2: Search strategy

Database

Search string

Hits

Date

Years

Web of Science

(TS=("alzheimer's disease™ OR "mild cognitive impairment") AND
TS=(discourse) OR TS=("global coherence™) OR
TS=(macrolinguistic) OR TS=("connected language™) OR
TS=("connected speech™) OR TS=("narrative comprehension™) OR
TS=("narrative speech™)) AND LANGUAGE: (English) AND
DOCUMENT TYPES: (Article)

Indexes=SCI-EXPANDED, SSCI Timespan=All years

1597

253

08.03.2018

20.01.2020

1934-2020

PubMed/
MedLine

(((((((("alzheimer's disease"[Title/Abstract] OR "mild cognitive
impairment"[Title/Abstract]) AND discourse[Title/Abstract]) OR "global
coherence"[Title/Abstract]) OR "narrative discourse"[Title/Abstract]) OR
macrolinguistic[Title/Abstract]) OR "connected language"[Title/Abstract])

OR "narrative comprehension"[Title/Abstract]) OR "connected

speech"[Title/Abstract]) OR "narrative speech"[Title/Abstract]

955

180

08.03.2018

20.01.2020

1954-2020

PsycINFO/
EBSCO

("alzheimer's disease" OR "mild cognitive impairment') AND discourse OR
"global coherence"” OR "narrative discourse” OR macrolinguistic OR
"connected language” OR "narrative comprehension” OR "connected speech”
OR "narrative speech”

Language: English

1587

144

08.03.2018

20.01.2020

1934-2020
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Appendix B 2nd Publication (Study 2)

TABLE S1: Characteristics of Cross-sectional Studies
e Cit Immigration QUELTTE]
Author, Yy Population (N) Mean Age 9 Language of testing Diagnostic criteria used | assessment
Country status .
Year rating
HA HA HA
MLs: NS MLs=74.9 MLs: 4
BLs. NS BLs=74.7 BLs: 10 NINCDS
MCI MCI MCI ADRDA1
Anderson et Toronto, . _ . . .
al. (2017) Canada MLs: 38 MLs= 66.5 MLs: 12 English (MMSE2); 0.75
BLs: 36 BLs=70 BLs: 25 Albert et al.,
AD AD AD 2011
MLs: 35 MLs=74.2 MLs: 8
BLs: 40 BLs=81.4 BLs: 27
i MLs: 24 MLs=67.2 MLs: NS
Bialystok et Toronto, English | e 0.75
al. (2008) Canada BLs: 24 BLs=68.3 BLs: 20
HA HA HA HA
i Study 1 Study 2 | Study1l Study 2
Bialystok et Toronto, y y y y NS English | e 0.7
al. (2014a) Canada MLs:25 MLs: 18 | ML=71.3 MLs=72.4
BLs: 34 BLs: 18 | BLs=67.6 BLs=69.1
AD AD ICD-10°
Clare et al. . _ N .
(2016a) Wales, UK ML.: 49 MLs=78.82 Non-immigrants English, Welsh (MMSE) 0.95
BLs: 24 BLs: 81
Cl | North Wal HA HA
are et al. orth Wales, _ _ [ o welen |
(2016b) UK MLs: 49 MLs=72.55 Non-immigrants English, Welsh 0.9
BLs: 50 BLs=74.32
HA MLs=70.9
Friesen et al. . _ .
015) | T , Canada MLs: 20 BLs=71.1 NS English | - 0.75
BLs: 21
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MLs:1884
BLs: 492
Different > German or French or
Ihle et al. cities TLs: 281 All=77.9 NS ltalian (in native | 0.75
(2016) Switzerlénd 4Ls: 115 . '3”9“?‘9? of t)he .
participant
5Ls: 31
6Ls: 8
HA HA
Kousaie et al. Ottowa, ENG MLs: 31 ENG MLs=72.26 N English, French and in
Quebec, Non-immigrants P e 0.8
(2014) Canada FR MLs: 30 FR MLs= 72.60 either language
BLs: 36 BLs=70.69
HA HA HA
MLs: 6 MLs=70.2 MLs: 0
BLs: 11 BLs=68.2 BLs: 8 .
MCI MCI MCI German, In both NINCDS
Kowaoll et al. Heidelberg, I_apguages of
(2015) Germany MLs: 14 MLs=77.5 MLs: 4 participants for tests ADRDA; 0.7
] _ ) assessing language
BLs: 8 BLs=71.3 BLs: 7 domain Levy, 1994
AD AD AD
MLs: 25 MLs=80.3 MLs: 7
BLs: 22 BLs=77.2 BLs: 18
HA HA
Luo etal. Toronto, . _
(2013) Canada MLs: 61 MLs=71.7 NS NS | e 0.75
BLs: 60 BLs=67.8
HA HA French, Italian
Massa et al. Toulouse, NS 085
(2020) France FR MLs: 16 FR MLs=71.1 (participants® dominant | T '
BLs: 16 BLs= 72.3 language)
HA HA The whole Turkish, Danish | ==
Nielsen etal. | Copenhagen, . _ sample was 4
(2019) Denmark MLs: 24 MLs= 63.00 immigrants to (participants” language (RUDAS) 0.85
BLs:47 BLs= 60.17 Denmark of preference)
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SD aMCl SD aMCl
MLs: 49 MLs=74.9
BLs: 19 BLs=79.4 Albert et al.,
Ossher et al. Toronto, NS NS 06
(2012) Canada
MD aMCI MD aMCI 2011;
MLs: 22 MLs=75.2 Petersen, 2004
BLs: 21 BLs=72.6
HA HA MLs: NS
Papageorgiou .
etal. (2019) | -ondon UK MLs: 37 MLs= 69.4 BLs: 12 English | - 0.75
BLs: 37 BLs=70.6
HA HA SP .MLS: English, Spanish
Immigrants
Rosselli et al. | South Florida, ENG MLs: 45 ENG MLs=63.4 BLsx28 085
(2000) USA (in both languages of '
SP MLs: 18 SP MLs=61.3 participants)
BLs: 19 BLs=60.6
aMCl aMCl aMCI English, Spanish NS
Rossze(l)lliset al. Florida, USA MLs: 26 MLs= 73.60 MLs: 4 (participants’ language (CDR®score of 0.5; 0.9
(2018) ' ' ' P preferencg) 9 | HVLT-RS; MINT?; TMT-
P A% SCW?)
BLs: 42 BLs= 72.02 BLs: Immigrants
HA HA 90% of
Ottowa- participants were
Sheppard et Gatineau, ENG MLs: 31 ENG MLs=72.26 born in Canada English, French and
. A I 0.85
al. (2016) Quebec, with the either language
Canada FR MLs: 30 FR MLs=72.60 remainder born in
BLs: 36 BLs= 70.69 the US or UK
. HA Persian, Arabic
SOIZ;S;S; al. Ahvaz, Iran MLs: 12 AII|:|¢2 8 NS (in both languagesof |  --—--- 0.8
BLs: 12 " participants)
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TABLE S2: Characteristics of Longitudinal Studies

First . . . . L Quality
Author, C(():l;mr Population (N) Mean Age Imr:;gtrjlstlon La?gsl:?r?e o Dlagnoztslé: dcrlterla assessment
Year y g rating
i MLs: 591
Bak et al. Edinburgh, All=72.49 Non-immigrants English | - 0.8
(2014) UK
BLs: 262
MCI MCI MCI
MLs: 38 MLs= 66.5 MLs: 12
Bialystok BLs: 36 BLs=70.0 BLs: 25 NINCDS-ADRDA;
etal Toronto, English 0.85
(20145) Canada Probable AD Probable AD Probable AD Albert et al., 2011 '
MLs:35 MLs=74.2 MLs: 8
BLs: 40 BLs=81.4 BLs: 27
Probable AD MLs: 23
Chertkow Montreal MLs: 379 BLs: 135
etal. Canada (only 92 MLs were tested) | ______ NS NINCDS-ADRDA 0.7
(2010) BLs: 253
(only 62 BLs were tested)
Baseline Follow-up Baseline  Follow-up
MCI MCI MCI MCI
Coséttuarlrero Valencia, MLs= Non-immigrants Spanish NS (WMS-111%; CDR 0.6
: i MLs:60 MLs:15 MLs= NS ) :
(2020) Spain 73.58 score of 0.5)
. ) BLs= _
BLs: 39 BLs:15 7426 BLs= NS
. MLs: 64 MLs= 74.45
Cox et al. Edinburgh, Non-immigrants English MMSE 0.95
(2016) UK
BLs: 26 BLs= 74.54
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Language use Proficiency SP MLs: 546
English, Spanish
Mungas et | Sacramento, | SP MLs:628  SP MLs: 409 NS for lanquage arouns ENG MLs: 31 (participants” McKhann et al., 1984; 0.9
al. (2018) USA guage group language of Chui et al., 199211 '
preference)
ENG MLs: 307 ENG MLs: 48 BLs: 142
BL: 524 BLs: 342
Baseline Follow-up Baseline  Follow-up o English, Spanish
Padillaet | Sacramento The participants (participants”
al. (2016) USA were born in languageof | 08
MLs: 289 MLs: 150 MLs=73.6 MLs=73.0 Mexico preference)
BLs: 339 BLs: 225 BLs=74.3 BLs=73.4
Baseline _ Follow-up
HA HA
MLs: 856 MLs: 492
BLs: 79* BLs: 46*
BLs: ) ox
533%% BLs: 285
Yeung et Manitoba ¢! ¢!
al. (2014) Canada ' MLs: 29 MLs: 30 All=779 | - English DSM-I11112; 0.95
BLs: 2* BLs: 2* (3MS®)
BLs:
B0** BLs: 40**
Dementia Dementia
MLs:28 MLs: 54
BLs: 0* BLs: 6*
2Bs|9_*i BLs: 35**
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MLs :637 MLs=75.66 The whole
Zahodne sample was DSM-111; McKhann et
Manhattan, BLs: 430 BLs=74.78 Spanish : al., 1984; Roman et al.,
etal. USA speakin Spanish 1993; McKeith et al
(2014) (Both groups consisted of . SP tg ¢ ' 1996 N
different subtypes of dementia) Imnt]r:granss 0

0.8

Notes: MLs= Monolinguals; BLs= Bilinguals; HA= Healthy older adults; MCI= Participants with mild cognitive impairment; AD= Participants with Alzheimer’s disease; TLs= Trilinguals; 4Ls= speakers of four
languages; 5Ls=speakers of five languages; 6Ls= speakers of six languages; SD aMCI= Single domain amnestic MCI, MD aMCl= Multiple domain amnestic MCI; *National Institute of Neurological and
Communicative Diseases-Aizheimer’s Disease and Related Disorders Association (McKhann et al., 1984); *Mini-Mental State Examination (Folstein, Folstein, & McHugh, 1975); 2 Tenth Revision of the International
Classification of Diseases and Related Health Problems (World Health Organization, 1992); * The Rowland Universal Dementia Assessment Scale (Storey, Rowland, Conforti & Dickson, 2004); *Clinical Dementia
Rating Scale (Hughes, Berg, Danziger, Coben & Martin, 1982); 8 Hopkins Verbal Learning Test-Revised (Benedict, Schretlen, Groninger & Brandt, 1998); 7 Multilingual Naming Test ( Gollan, Weissberger,
Runnqvist, Montoya & Cera, 2012); ®Trail Making Test (Reitan, 1955); ° Stroop Color Word Test (Stroop, 1935); 1 Wechsler Memory Scale, Third edition (Wechsler, 1997); 1! Criteria for the diagnosis of ischemic
vascular dementia proposed by the State of California Alzheimer's Disease Diagnostic and Treatment Centers; !?Diagnostic and Statistical Manual of Mental Disorders Third Edition (1980); ** Modified Mini-Mental
State Examination (Teng, Chui, 1987)

------ indicates no information available or not applicable.

NS= Not specified FR= French
ENG= English *= English as a first language
SP= Spanish **= English as a second language
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Appendix

Appendix C 3rd Publication (Study 3)

Table S1. Between-Groups Comparison of the Individual Items of RUDAS and MMSE

Test Items TR-AD TR-IM-AD GER-AD p value
Median (Range)/Mean (SD) (n=24) (n=21) (n=20)

MMSE

Orientation to Time" 2.5 (0-5) 2.0 (0-5) 3.0 (0-5) 578
Mean (SD) 2.29 (1.49) 2.38 (1.40) 2.70 (1.53)

Orientation to Place!! 3.0 (1-5) 4.0 (1-5) 4.0 (2-5) .075
Mean (SD) 3.04 (1.00) 3.57 (0.98) 3.60 (1.00)

Registration™ 3.0(3) 3.0 (2-3) 3.0(3) 351
Mean (SD) 3.00 (.000) 2.95 (.218) 3.00 (.000)

Delayed Recall' .0 (0-3) .0 (0-3) .0 (0-3) 740
Mean (SD) .38 (.824) .52 (.981) .30 (.733)

Naming!! 2.0(2) 2.0(2) 2.0(2) 1.000
Mean (SD) 2.00 (.000) 2.00 (.000) 2.00 (.000)
3-Stage-Command™ 3.0 (1-3) 3.0(1-3) 3.0 (2-3) 421
Mean (SD) 2.46 (.779) 2.57 (.598) 2.75 (.444)

Reading Comprehension' (correct, %) 20 (83.3%) 16 (76.2%) 17 (85%) 784
Sentence construction® (correct, %) 17 (70.8%) 11 (52.4%) 17 (85%) .076
RUDAS

Orientation'! 5.0 (2-5) 5.0 (3-5) 5.0 (4-5) 241
Mean (SD) 4.71 (.751) 4.67 (.658) 4.95 (.224)

Praxist 1.0 (0-2) 1.0 (0-2) 2.0 (0-2) .182
Mean (SD) 1.08 (.776) 1.33(.730) 1.50 (.607)

Constructional Praxis" 2.0 (0-3) 2.0 (0-3) 2.5 (0-3) .648
Mean (SD) 1.92 (1.02) 1.90 (.831) 2.10 (1.07)

Delayed Recall" 2.0 (0-8) 2.0 (0-8) .0 (0-6) 110
Mean (SD) 2.50 (2.84) 3.43 (2.91) 1.60 (2.13)

Language® 8.0 (4-8) 8.0 (4-8) 8.0 (7-8) .683
Mean (SD) 7.50 (1.18) 7.52 (1.03) 7.85 (.366)

Note. TR-AD= Native-born Turkish Participants with AD, TR-IM-AD= Turkish Immigrants with AD, GER-AD= Native-born German Participants with AD.

Significant p values are marked in bold.
H Kruskal-Wallis test

§ Pearson’s chi-square test

I Fisher’s exact test
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Figure S2. Mean percentage of total score obtained from the individual items of the MMSE and RUDAS (Error bars represent 95% confidence

interval)
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