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ABSTRACT 
 

Sleep and language are fundamental to human existence and have both been shown to 
substantially affect cognitive functioning including memory, attentional performance, 
and cognitive control. Surprisingly, there is little-to-no research that examines the 
shared impact of bilingualism and sleep on cognitive functions. In this paper, we 
provide a general overview of existing research on the interplay between bilingualism 
and sleep with a specific focus on executive functioning. First, we highlight their 
interconnections and the resulting implications for cognitive performance. Second, we 
emphasize the need to explore how bilingualism and sleep intersect at cognitive and 
neural levels, offering insights into potential ways of studying the interplay between 
sleep, language learning, and bilingual language use. Finally, we suggest that 
understanding these relationships could enhance our knowledge of reserve and its role 
in mitigating age-related cognitive decline.  
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1. Introduction 

Sleep and language are central human experiences. We spend approximately one 
third of our lives sleeping and most of the rest communicating. Globally, a majority of us 
do the latter in more than one language, as over half the world’s population today is 
bi/multilingual (De Houwer, 2021). For ease of exposition, we will use the term 
“bilingual(-ism)” throughout this paper as an umbrella term to refer to all forms of bi- 
and multilingualism, thus distinguishing between the state of knowing a single language 
versus more than one, without any assumption that all bi- and multilingualism are the 
same. While it might not seem immediately intuitive to bring sleep and bilingualism 
together, they display several theoretically and functionally important convergence 
points. To begin, both, significantly but differently, affect similar behavioral assays of 
cognition, including attention, inhibition, monitoring, learning and memory. Most 
importantly, higher degrees of bilingual engagement are associated with adaptations 
towards increased cognitive efficiency (Grundy, 2020), while impaired sleep is associated 
with strong adverse effects (Barclay et al., 2020; West, et al., 2024). Moreover, existing 
research shows that overlapping brain areas are implicated in, and affected by, sleep (Tai 
et al., 2022) and bilingual language control (Abutalebi & Green, 2007; DeLuca, Rothman, 
Bialystok, et al., 2019; Gallo et al., 2021). These striking observations motivate this paper 
and call for an empirical program that intersects research areas including bilingualism 
(i.e., the learning/usage of additional language(s)), sleep, and cognitive science.  

Herein, we first offer an overview of the existing literature investigating the 
behavioral and neurophysiological aspects of language, sleep, and executive functioning. 
We then motivate conceptual and methodological reasons to explore the potential 
relationship between them. Given the contact points that bilingualism and sleep display 
at cognitive and neural levels, we then discuss how exploring the relationship between 
these two experiences could advance our knowledge of the role their common 
neurocognitive substrate serves in influencing cognitive performance. Such an 
exploration would elucidate the role sleep plays – and how it can be manipulated – for 
improved consolidation processes for language learning, use, and maintenance. 
Conversely, it could inform the development of language-mediated interventions 
towards specific executive function training with the best chance of mitigating the effects 
of impaired sleep. We will also argue that the failure to control for bilingualism profiles 
and/or sleep – in terms of its quality, quantity, and timing – could be adding noise that 
clouds the interpretation of findings in both fields. Finally, we will articulate new 
research questions that naturally arise from considering the connections between sleep, 
bilingualism, and executive functioning. Most importantly, doing so has the potential to 
contribute to our understanding of reserve, a crucial buffer that increases resilience to age-
related cognitive impairment (Stern et al., 2020). 
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1.1 Reserve 

As the notion of reserve is particularly important for the purposes of this paper, 
we need to first clarify several related definitions. Reserve refers to the brain’s ability to 
maintain optimal cognitive function despite age-related changes or brain damage. 
Reserve is argued to derive from a combination of genetic factors and lifestyle activities 
that exercise cognitive systems and the brain networks underlying them (see Stern et al., 
2020 for review). Reserve accrual is known to affect aging trajectories via both structural- 
and functional-related neural mechanisms, and therefore includes the concepts of brain 
reserve (BR) and cognitive reserve (CR). In brief (see Stern, 2009 for details), BR is a passive 
buffer that increases the critical threshold at which age-related structural brain 
deterioration triggers cognitive impairment. CR is instead an active protective 
mechanism, which mitigates age-related cognitive impairment through ameliorations in 
neural networks in terms of their levels of flexibility (the degree of intra- and inter-
network functional connectivity), capacity (the maximum activation threshold an 
individual can reach), and efficiency (the minimum amount of neural activation required 
for successful cognitive performance). CR therefore generates additional neurocognitive 
resources to deploy for the compensation for age-related neural deterioration.  

As a complex phenomenon, reserve relies upon several contributing factors. These 
include, but are not limited to, education level, occupational complexity, social 
engagement, leisure, and physical activity (Pinto & Tandel, 2016; Song et al., 2022). 
Crucially, as we will discuss below, sleep and bilingual experience are also among these 
factors. Poor sleep has been shown to negatively impact reserve accrual (Parker et al., 
2021; Zimmerman et al., 2012) while bilingualism can have a positive impact (Bialystok, 
2021; Calvo, et al., 2024; Gallo et al., 2022; Perani & Abutalebi, 2015; Rothman, 2024; Voits 
et al., 2023). Given this, exploring the bilingualism/sleep interaction can potentially 
inform a broad range of disciplines focusing on cognitive/brain trajectories in senescence, 
but also across the whole lifespan. Indeed, it is widely accepted that most natural 
phenomena develop gradually rather than emerge abruptly. Reserve is no exception: 
although its effects are most evident in older age, it is natural to assume that reserve 
accumulates throughout much of the lifespan, beginning in early life (Tucker & Stern, 
2011). Despite this, most existing research investigates reserve only in aging populations, 
as if it manifests abruptly once cognitive decline begins. This misconception arises 
because reserve is primarily observed when neurocognitive resources decline following 
cognitive aging. However, this does not mean that the reserve accumulation does not 
start earlier in life. We suggest that the tendency to overlook the presence of reserve 
effects in youth is due to two primary factors. 

Firstly, some of the best-known factors contributing to reserve, such as physical 
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exercise or social engagement, vary in frequency during late life stages but are generally 
more consistent during youth. This reduced variability in younger individuals may 
obscure the detection of reserve accrual effects. In contrast, multilingualism varies widely 
in intensity and occurrence even in youth (Bialystok, 2016; Luk & Bialystok, 2013, among 
others), which may allow for the observation of reserve effects in young adults. Indeed, 
some of the few investigations reporting reserve effects in youth come from bilingualism 
research (Gallo et al., 2021, 2023). Secondly, young adults typically possess optimal 
neurocognitive resources, which can mask the effects of life experiences on reserve due 
to task insensitivity and ceiling effects in task performance. This explanation has been 
proposed as a possible reason for the inconsistent findings regarding bilingualism-
induced cognitive effects in young adults in existing research (e.g., Kroll & Bialystok, 
2013). If these issues influence the study of bilingualism—one of the most observable 
indicators of reserve in youth, for reasons just detailed above—they may equally affect 
other factors that contribute to the development of reserve. For these reasons, the 
considerations contained in this paper, including those about reserve, encompass 
individuals from youth to late life stages. 

2. Sleep and cognition 

Sleep is a central, regular, and natural human process, generally defined as a 
recurring state of reduced responsiveness and motor activity (Carskadon & Dement, 
2005). Although externally sleep appears to be a relatively passive process, internally 
considerable activity occurs over approximately 90–100-minute cycles. Within each cycle, 
sleep is characterized by different stages (e.g., W – Wake; N1 – Stage 1; N2 – Stage 2; N3 
– Stage 3; and REM – Rapid Eye Movement Sleep), based upon the frequency and 
amplitude of brain activity, eye movements, and levels of muscle tone, sampled every 30-
seconds (an epoch). N1 is generally considered the gateway between wake and sleep 
whereas N2, which makes up the largest percentage of sleep (approx. 45-55%), is the 
lightest stage of sleep and is characterized by two waveforms seen in brain activity. The 
first is a sleep spindle; a brief but rapid saw-toothing in brain activity and a k-complex; a 
brief high vertex wave, negative then positive, which then centralizes. Stage 3 is often 
referred to as Slow Wave Sleep (SWS) or deep sleep and is characterized by low frequency 
high amplitude brain activity. While SWS takes approximately 10-20% of the night it 
predominates in the first third of the night. Finally, REM is the stage of sleep where there 
should be no muscle tension, with the individual in a state of paralysis. Brain activity can 
look similar to wakefulness but with the marked characteristic of irregular rapid eye 
movements and cardiac surges. Conversely to SWS, REM predominates in the last third 
of the night, taking between 18-23% of total sleep.  

The full purpose of individual sleep stages and their components is still poorly 
understood. Nevertheless, it is agreed that sleep plays a pivotal role in several aspects 
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relating to human health, well-being, and performance, including physical and emotional 
regulation, brain detoxification, and augmentation of the immune system (Assefa et al., 
2015; Gruber & Cassoff, 2014; Irwin, 2019; Zielinski et al., 2016). Importantly, sleep also 
plays a vital role in supporting and restoring optimal and efficient cognitive functioning 
(see for reviews Frank & Heller, 2019; Rechtschaffen, 1998; Satterfield & Killgore, 2019; 
Walker, 2009). Below, we will briefly review the existing evidence, elucidating the role of 
sleep in attention and memory with specific focus on how these processes contribute to 
language learning and linguistic functioning. 

As noted earlier, a good night's sleep is vital for maintaining optimal cognitive 
performance, including sustained attention during the day. This is supported by 
numerous studies showing that sleep deprivation, sleep restriction, and sleep disorders 
are associated with impaired attentional focus maintenance, reduced alertness, inflated 
reaction times, and generally decreased cognitive abilities (Alhola & Polo-Kantola, 2007; 
Barclay & Myachykov, 2017; Barclay et al., 2020; Lim & Dinges, 2008, 2010). Importantly, 
sleep deprivation and poor sleep affect attentional networks selectively, with the orienting 
and executive control networks showing the heaviest detrimental impact (Jugovac & 
Cavallero, 2012; Martella et al., 2011; Trujillo et al., 2009).  

Another important function of sleep is memory (re)organization and consolidation 
(Diekelmann & Born, 2010; Stickgold & Walker, 2007; Walker & Stickgold, 2004). This 
function is of a particular evolutionary importance as it supports and enhances learning 
processes, allowing the brain to reinforce and consolidate neural connections related to 
newly acquired knowledge and skills across the life-span (Kurdziel, et al., 2017). Indeed, 
it has been shown that the brain selectively organizes and stores memories acquired 
throughout the day during sleep, by either integrating or pruning memory traces 
(Mednick et al., 2003; Poe, 2017; Spencer et al., 2017). Optimally balanced rapid eye 
movement (REM) and slow-wave sleep (SWS) stages represent specific patterns of neural 
activity that cumulatively contribute to the consolidation of declarative and procedural 
memories, including those related to language learning (Simon et al., 2022; Yu, et al., 
2024). Sleep is also implicated in the functioning of bi-hemispheric semantic networks 
(Monaghan, et al., 2017). At the same time, impaired sleep can lead to problems with 
forming and retaining memories. Supporting this, several studies have demonstrated that 
sleep deprivation substantially impairs hippocampus-dependent memory consolidation 
(Newbury et al., 2021; Sterpenich, et al., 2017; Yoo et al., 2007). The abnormal non-rapid 
REM patterns associated with schizophrenia also lead to impoverished memory 
consolidation (Manoach & Stickgold, 2019). While sleep is indeed essential for learning 
and memory (Born & Wilhelm, 2012), it is likely that the importance of sleep for memory 
is not uniform. Declarative memories may benefit from SWS and Stage 2 sleep, whereas 
procedural memories may benefit more from REM sleep (Born et al., 2006; Gais & Born, 
2004). It has also been shown that sleep spindles may play a special role in selective 
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consolidation of memories with motivational significance (Sdudte, et al., 2017). This 
suggests that distinct sleep processes and stages differentially affect distinct memory 
systems. 

When it comes to sleep and reserve, the relationship is mutual: while several 
studies have suggested that good quality sleep promotes reserve and poor sleep quality 
and sleep disorders can have significant deleterious effects on it, other studies show that 
enhanced reserve improves sleep quality and may act as a protective factor against sleep 
disorders (Ourry et al., 2023; Zijlmans et al., 2023). As we have already reviewed above, 
sleep plays a crucial role in memory consolidation, where information acquired during 
waking hours is processed and transferred into long-term memory, and preserved 
memory consolidation could contribute to increased CR (van den Berg et al., 2022). 
Importantly, specific sleep disorders have been associated with increased risk of 
cognitive decline and neurodegenerative conditions, such as Alzheimer's dementia (AD) 
with recent studies showing that nREM sleep, and specifically SWS, may act as a 
protective CR factor in AD by providing resilience against the memory impairment 
caused by this age-related pathology (Ourry et al., 2021; Zavecz et al., 2023). One primary 
pathway proposed is the clearing of Beta Amyloid, via the glymphatic system, during 
SWS (Eugene & Masiak, 2015; Shokri-Kojori et al, 2018). Moreover, sleep is also essential 
for brain plasticity – the brain's ability to reorganize itself by forming new neural 
connections and maintaining functional and structural integrity (Dutil et al., 2018). In 
short, sleep might enhance neuroplasticity and lead to BR accrual. Conversely, poor sleep 
and sleep disorders, such as obstructive sleep apnoea or insomnia, have been associated 
with cognitive impairment and deterioration in attentional and cognitive control 
networks, as well as increased risk of neurodegenerative diseases (Bourgouin et al., 2019; 
Jones & Ikuta, 2022; Stoffers et al., 2014). Finally, sleep is involved in synaptogenesis and 
synaptic pruning, crucial for both brain development and plasticity. For example, in 
infants and young children, sleep promotes the formation of new neural connections and 
the refinement of synaptic pathways while in adults sleep supports brain plasticity via 
enabling the brain to adapt to new experiences, learn from them, and optimize cognitive 
functioning (Frank & Cantera, 2014; Tononi & Cirelli, 2014). 

The brief overview above clearly demonstrates that sleep that is of good quality, 
sufficient duration and appropriately timed (i.e. good sleep) is important as a 
physiological regulator of homeostasis and general health. Moreover, it plays a crucial 
role in the maintenance of several cognitive functions. Indeed, advances in neuroimaging 
methodologies have enabled the examination of the dynamic impact of sleep on brain 
plasticity (Guzman-Marin & McGinty, 2006; Maquet et al., 2003). However, our 
understanding of the multifaceted impact of sleep may benefit from more holistic 
approaches to human cognition. Instead of examining individuated cognitive systems 
(e.g., attention and memory) in relation to their neuroanatomical counterpart networks, 
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several new lines of research attempt to understand them dynamically, e.g., across the 
lifespan. This includes the investigation of how multiple cognitive, physiological, 
neurophysiological, and socioeconomic/demographic factors including language use in 
general, and bilingualism in particular, can work together to affect “higher order” or 
more complex phenomena.  

3. Bilingualism and cognition 

In the previous section we briefly discussed how sleep impacts cognitive 
functioning and, by proxy, the accrual of reserve. Similarly, research shows that language 
acquisition, processing, and use are intimately linked to domain-general cognitive 
systems including attention, memory, and cognitive control (e.g., Harris, 2006). Herein, 
however, we consider primarily how bilingualism may influence executive functioning 
(Bialystok et al., 2012) with a specific focus on aspects of language use that apply 
(uniquely or with significantly increased regularity) when bilingualism is present. 

Most importantly compared to monolinguals, bilinguals have the option to switch 
between distinct languages, a process that requires management and exercises 
mental/brain mechanisms. All activities inherent to the management of more than one 
language, during both acquisition and use, entail executive control to some extent 
(Abutalebi & Green, 2007; Green & Abutalebi, 2013). If such control fails, such as in the 
case of brain lesions and/or age-related cognitive impairment, unwanted language 
switches and interference typically appear during conversation (Green & Abutalebi, 
2008). Psycholinguistic evidence shows that for bilinguals all languages are constantly 
active regardless of contextual cues, need or relevance (e.g., Jared & Kroll, 2001; Kroll et 
al., 2008; Spivey & Marian, 1999). Bilinguals, therefore, face cross-linguistic competition 
every time they engage in language processing (e.g., Kaushanskaya & Marian, 2007; Kroll 
et al., 2014). The cognitive construct overseeing such conflict management has been 
labeled language control (Abutalebi & Green, 2007; Green & Abutalebi, 2013) and is 
underpinned by a neural network that largely overlaps with the domain-general 
executive network (Abutalebi & Green, 2016; Anderson et al., 2018). 

Due to the overlap between the cognitive mechanisms and neural topography 
implicated in bilingual language control and domain-general executive functioning, 
routine language control training is argued to affect executive functioning both at the 
cognitive and at the neural levels (e.g., Bialystok, 2017; Kroll et al., 2015). This has been 
empirically shown in executive performance in both young and elderly populations. For 
example, bilingualism has been repeatedly linked to adaptive performance in a variety 
of executive tasks including Flanker, Stroop, and Simon tasks (for a review, see Bialystok, 
2017; Grundy, 2020). Cognitive consequences of bilingualism have also been shown to 
expand beyond executive functioning: bilingualism-related performance enhancements 
have emerged in tasks involving memory recall (Ljungberg et al., 2013; Wodniecka et al., 
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2010), episodic memory (Schroeder & Marian, 2012; Voits et al., 2022), semantic memory 
(Arce Rentería et al., 2019), working memory (Bialystok et al., 2014) and general 
intelligence (Bak et al., 2014). 

While widespread evidence is available for effects of bilingualism on cognition, 
the literature also presents instances in which bilingual-induced executive behavioral 
effects fail to emerge, in particular in young adult populations (e.g., Paap, 2022; Paap et 
al., 2015). This has sparked a debate related to the genuine validity or generalizability of 
bilingualism effects on executive processing (e.g., Grundy, 2020; Lehtonen et al., 2018; 
Leivada et al., 2021; Paap, 2022). Valian (2015) proposed a straightforward explanation 
for such inconsistencies. She suggested that since young adults experience other 
cognitively enriching activities besides bilingualism, it might be harder to observe 
bilingual effects behaviorally in this population, due to ceiling levels of performance. This 
would also explain why non-replication levels are considerably lower when investigating 
children or older adults - populations less likely to perform at peak levels of cognition. 
Similarly, Kroll & Bialystok (2013) suggest that, due to young adults’ optimal 
neurocognitive efficiency (Hartshorne & Germine, 2015), bilingualism’s neurocognitive 
consequences may be harder to observe in youth due to task insensitivity and ceiling 
effects. 

In light of the issues inherent in behavioral testing, it is important to highlight that 
extensive work reports bilingualism-related consequences at the neural level. 
Neuroplastic changes in areas associated with bilingual language control and executive 
functioning have been observed both in young and senior bilingual populations (see 
Bialystok, 2021; Li et al., 2014; Taylor et al., 2022 for reviews). Volumetric changes in gray 
matter (GM) of young bilingual adults have been reported in the inferior parietal lobule, 
anterior cingulate cortex, cerebellum, prefrontal cortex, Heschl’s gyri, putamen, caudate 
nucleus, thalamus, hippocampus and globus pallidus (see Pliatsikas, 2019, for review). 
These results have been replicated for aging bilinguals in the inferior parietal lobule, 
anterior cingulate cortex and prefrontal cortex, and also reported in the temporal pole, 
orbitofrontal cortex and hippocampus, areas specifically targeted by age-related 
deterioration (see Voits et al., 2020, for review). Bilingualism-induced neuroplastic 
changes also emerge in the form of increased white matter (WM) integrity in tracts 
connecting regions of the language control and executive functions networks, such as the 
inferior and superior longitudinal fasciculi and the inferior fronto-occipital fasciculi (see 
Pliatsikas, 2019, for review).  

As with sleep, the effects of bilingualism on cognitive performance and neural 
anatomy contribute to the gradual accrual of reserve (Bialystok, 2021; Gallo et al., 2022; 
Gallo & Abutalebi, 2023; Grant et al., 2014). Multiple studies have reported bilingualism-
induced cognitive and neurostructural benefits during healthy aging (see Bialystok, 2021, 
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for a review). Bilingualism-related benefits also mitigate the impact of age-related 
pathology e.g., recent meta-analyses consistently report that bilingualism delays 
dementia symptom onset by 5-7 years (Anderson et al., 2020; Brini et al., 2020; Paulavicius 
et al., 2020). The contribution of bilingualism to the accumulation of reserve follows from 
the fact that routine bilingual language control is posited to result in neural adaptations 
at the structural and at the functional levels (Bialystok, 2017). Following our rendition of 
reserve, imaging studies have reported that bilingualism preserves the efficiency of the 
executive network during senescence: to achieve comparable levels of performance, 
executive tasks appear to require lower or differential neural activations for senior 
bilinguals as compared to age-matched monolinguals (Abutalebi et al., 2015; Ansaldo et 
al., 2015; Gold, Kim, et al., 2013; Rodríguez-Pujadas et al., 2014). Similarly, it has been 
shown that bilingualism leads to the improved maintenance of network flexibility in 
aging, with bilingual older adults displaying superior resting-state (De Frutos-Lucas et 
al., 2020; Grady et al., 2015; Luk et al., 2011) and task-related connectivity (Ansaldo et al., 
2015; Luk et al., 2010) in the executive network. Widespread evidence also indicates that 
bilingualism leads to the development of anti-aging compensatory mechanisms, with 
several papers reporting higher levels of neural deterioration in bilingual seniors, as 
compared to monolingual peers matched for cognitive status or disease severity. This 
indicates that bilingual seniors are better equipped to compensate for age-related neural 
deterioration and stave-off the resulting cognitive impairment. The same result emerges 
both in healthy (Berkes et al., 2021; Gold, Johnson, et al., 2013) and pathological 
(Costumero et al., 2020; Kowoll et al., 2016; Perani et al., 2017; Sala et al., 2022; Schweizer 
et al., 2012) cognitive aging, and with different neuroimaging techniques including DTI, 
PET, CT, and MRI. Studies also show that bilingualism modulates the relationship 
between neurostructural integrity and related cognitive outcomes, confirming that senior 
bilinguals are able to compensate for age-related neural tissue loss and maintain cognitive 
efficiency (Abutalebi et al., 2015; Arce Rentería et al., 2019; Del Maschio et al., 2018). 

4. Convergence between sleep, bilingualism, and cognition 

The research reviewed above shows important overlaps between sleep and 
bilingualism at the behavioral, neural and cognitive levels. Therefore, it is reasonable to 
hypothesize that sleep and bilingualism should reveal several significant points of 
convergence at both theoretical and functional levels. Below, we will highlight the 
synergy between sleep and bilingualism focusing on the parallel structures between the 
two. Before we do that, however, it is important to note that there are two (time) 
dimensions of bilingualism that are of primary concern for the present discussion: (i) the 
learning of an additional language itself or the emergent period of becoming bilingual 
separately from (ii) the effects of multiple language usage after communicative 
competence has been acquired. The distinction between (i) and (ii) is important because 
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each engages increased cognitive resources and, while there is overlap in how this plays 
out, they crucially manifest with distinct effects (see Rothman, 2024 for discussion). 

The first important convergence point between bilingualism and sleep is the 
involvement of sleep in language learning. Existing research offers compelling evidence 
supporting the role of sleep in vocabulary learning of both pseudowords (Dumay & 
Gaskell, 2007) and foreign language words (Schreiner & Rasch, 2015). Several studies 
have also demonstrated that sleep facilitates phonological (Earle et al., 2017; Earle & 
Myers, 2015) and grammatical (Batterink & Paller, 2017; Mirković & Gaskell, 2016) 
learning. These and similar studies clearly indicate that sleep effectively aids language 
learning, including rule consolidation (Palma & Titone, 2021). Given that distinct memory 
systems are argued to be differentially implicated for various domains of language, e.g., 
lexis versus grammar, (Paradis, 1994), it is reasonable to assume that sleep 
asymmetrically affects the acquisition and use of distinct domains, i.e., phonological, 
lexical, and grammatical. That said, we know very little about how these distinct 
components of language in general are affected by differences in the quality, quantity, 
and timing of sleep, including in the pathophysiology of sleep disorders. What is clear, 
however, is that sleep affects consolidation processes, a crucial component affecting the 
rate of, and ultimate success in, language learning of any type. It follows that sleep should 
play at least an equal, if not more weighted role in additional language learning because 
the processes inherent to consolidation in a newly learned language are essentially the 
same as those in learning one’s first language. To consider but one example, these same 
processes are arguably more complex in the learning of an additional language (i.e., in 
emerging bilingualism) given the cognitive resources needed to control intrusions 
(transfer or cross linguistic influence) from previous language experience. Therefore, one 
could hypothesize an even more deterministic role of sleep in additional language 
learning. Given the dearth of specific research, this and other related questions remain to 
be answered.  

The second important convergence point between sleep and bilingualism is the 
fact that both experiences impact partially overlapping brain structures and functions. A 
good starting point to address the interplay between bilingualism and sleep at the brain 
level are subcortical structures such as the basal ganglia and the thalamus. Specifically, 
the Caudate Nucleus (CN) has been shown to be involved in language development (Tan, 
et al., 2021) as well as bilingual language control and language switching (Abutalebi et 
al., 2013; Zou et al, 2012). Importantly, lesions of the left CN are often associated with 
pathological language switching in bilinguals (Abutalebi et al., 2000) or with other 
dysfunctions of language control in bilinguals (Green & Abutalebi, 2008) highlighting its 
role in bilingual language processing. Moreover, several studies demonstrate that 
bilingualism leads to neuroplastic changes in this area with findings indicating that 
increased language proficiency and usage are associated with structural changes in this 
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subcortical region (Sulpizio et al., 2020; Yee, et al., 2023). These neuroplastic adaptations 
are calibrated to specific aspects of bilingual experience including degree of engagement 
with conversational contexts, language proficiency, and duration of bilingual experience 
(Abutalebi & Green, 2016; DeLuca et al., 2024; DeLuca, Rothman, & Pliatsikas, 2019; Gallo 
et al., 2023; Korenar et al., 2023). At the same time, the CN has been shown to play an 
important role in other cognitive functions including sleep. For example, volumetric 
deterioration in the CN has been shown to be associated with shorter sleep duration 
(Jones & Ikuta, 2022), less REM (Bourgouin et al., 2019), poorer self-reported sleep quality 
(Jiang et al., 2023), a potential vulnerability for the development of insomnia (Emamian 
et al., 2021; Stoffers et al., 2014; Van Someren, 2021), and day-time sleepiness (Feng, et al., 
2024) as well as with specific executive deficits. Finally, the CN has been implicated in 
memory consolidation, problem solving, and skill acquisition during sleep - cognitive 
processes that underlie language acquisition, selection, and communication (van den 
Berg et al., 2022). Further supporting our argument is the observation that the CN plays 
a key role in executive functioning, one of the main cognitive abilities affected by both 
poor sleep and bilingualism. Supporting a simultaneous and complimentary 
involvement of CN in language, sleep, and cognitive control, a recent metanalysis (Bulut 
& Hagoort, 2024) shows the involvement of the CN, along with the thalamus, in sleep 
regulation and language use. Importantly, some recent studies also show a complex 
“cooperation” network between the thalamus, speech, motor, and sleep regions 
suggesting if not a causal, then at least an important codependence relationship between 
the functions performed by the network, including sleep regulation and multilingual 
language use (Li, et al., 2023). Future studies must therefore help us to unpack the nature 
(and directionality) of the potential relationship between sleep and bilingualism in 
neurocognitive and neurobiological terms and within a broader network of subcortical 
and cortical circuits. Therefore, it should be noted that we do not view the CN as the only 
brain structure linking bilingualism and sleep, but rather motivate it as a good starting 
point for dedicated and purposely designed research.   

To be sure, various forms of poor sleep and sleep disorders seem to be associated 
with the volume and thickness of other brain regions that are at the same time known to 
be implicated in- and affected by bilingual language control. For instance, REM sleep 
behavior disorder (RBD) has been linked to decreased gray matter volumes (GMVs) in 
the anterior cingulate cortex, inferior parietal lobule, and hippocampus (see e.g., 
Campabadal et al., 2021, for a review), regions shown to display affected GMVs in 
bilingual populations (see e.g., Abutalebi et al., 2012; Voits et al. 2022, 2024; Tao et al., 
2021, for reviews). Longitudinal studies further assert a link between sleep, bilingualism 
and aging trajectories at the neural level. For example, it has been shown that idiopathic 
RBD converts within 10 years to neurodegenerative syndromes in 33% to 75% of cases, 
with Parkinson’s Disease the most common resulting pathology (e.g., Iranzo et al., 2014). 
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Conversely, bilingualism is argued to mitigate and delay age-related neuropathology, 
including Parkinson’s Disease (see Voits et al., 2020, for a review). Similarly, sleep 
deprivation has been associated with reduced GMVs in the inferior parietal lobule (Dai 
et al., 2018), whereas bilingualism has been shown to positively affect GMVs in this region 
in children (Della Rosa et al., 2013), young (Del Maschio et al., 2018; DeLuca et al., 2024; 
Mechelli et al., 2004) and older (Abutalebi et al., 2015; Del Maschio et al., 2018) adults. 
The inferior parietal lobule is also known to be a key structure for cognitive aging, 
targeted early and severely by age-related brain deterioration (e.g., Apostolova et al., 
2007), once again pointing to a possible tripartite relationship between bilingualism, sleep 
and aging. Obstructive Sleep Apnea has also been linked to structural (Huang et al., 2019; 
Shi et al., 2017) and functional (Yeung, 2019) impairments in the anterior cingulate cortex. 
The same region is argued to be among the main brain areas affected by bilingualism, 
with extensive research showing bilingualism-related enhancements in functional 
efficiency (e.g., Abutalebi et al., 2012) and structural integrity (e.g., Del Maschio et al., 
2018).  Taken together, there is clearly no shortage of overlapping points within the neural 
networks related to sleep and bilingualism making it reasonable to hypothesize a 
moderating relationship between the quality of these experiences. 

Finally, existing research using EEG shows important and often overlooked 
similarities between bilingualism and sleep at the neurophysiological level – with both 
affecting similar frequency bands in the brain's electrical activity. Before discussing 
overlapping points, it is important to note that the measurement of oscillatory dynamics 
can be done both at rest and in response to task stimuli. Task-free or resting-state EEG 
(rs-EEG) can be taken as a measure of the brain’s readiness to deploy neurocognitive 
resources towards handling specific demands (Anderson & Perone, 2018). Assuming a 
similar relationship exists between rs-EEG and task-related EEG as does for rs- and task-
based fMRI (e.g., default mode network, see Raichele & Snyder 2007), it is reasonable to 
hypothesize a correlation between patterns of rs-EEG power and that of on-task power. 
A few studies have examined the connection between the two and have almost 
exclusively linked rs-EEG to ERP, (see e.g., Lee et al., 2011). To our knowledge, no work 
to date has linked rs-EEG oscillatory dynamics with on task oscillatory activity.  

 There are several contact points within the relevant sleep- and bilingualism 
literatures examining oscillatory dynamics with EEG, which are relevant for both 
additional language learning and bilingual language control. First, low-frequency delta 
activity, most prominent during SWS sleep, has also been shown to play a key role in 
restorative processes and memory consolidation (Diekelmann & Born, 2010; Tononi & 
Cirelli, 2006). The same delta activity can be modulated by language learning and 
processing, especially during tasks that require deep cognitive engagement - both in 
monolinguals and in bilinguals (e.g., Harmony, 2013; Rossi, et al., 2023). Furthermore, 
theta waves, closely associated with light sleep (i.e. N1 and N2) and episodic memory 
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processing (e.g., Cantero & Atienza, 2005; Ferrara, et al., 2013; Klimesch, 2003) are also 
linked to working memory and cognitive control in bilinguals (see for rs-EEG examples 
Pereira Soares, et al., 2024; Voits, et al., 2024; for task-based examples Carter et al., 2023; 
Pereira Soares et al, 2022). Alpha waves related to relaxation and N1 (Jacobs & Friedman, 
2004; Malhotra & Avidan, 2013), also reflect attentional processes in bilinguals, where 
they may indicate the readiness for suppression of one language in favor of another (Bice 
et al., 2020). In wakefulness, beta waves have been connected to processes underlying 
working memory (Proskovec et al., 2019), decreasing during sleep but sometimes 
increasing during REM sleep due to cognitive processing during dreaming (Zhang & 
Wamsley, 2019). The same beta oscillations are crucial for language production and 
comprehension, with variations depending on the language used and task complexity 
(Prystauka & Lewis, 2019; Wiess & Mueller, 2012). Finally, gamma frequency, though 
rarely evident during most sleep stages, has been linked to high-level cognitive functions, 
such as vivid dreaming during REM sleep (Voss et al., 2009; Cantero, et al., 2004). In 
bilingualism, gamma activity is associated with complex language processing and the 
integration of information and structure building (Rossi, et al., 2023). It is important to 
note that REM sleep is characterized by theta, beta, and gamma activity (low-voltage, 
mixed frequency activity), which are also implicated during wakefulness. These 
examples further show how sleep and bilingualism jointly influence brain 
electrophysiological activity via distinct brain oscillatory signatures. As such, the 
evidence briefly reviewed above points to an overlapping neural substrate (rs- and task 
related oscillatory dynamics) implicated in- and affected by both bilingualism and sleep, 
with also a potential link to cognitive aging trajectories. The fact that bilingualism and 
sleep intersect both at the behavioral and neural levels leads to the establishment of the 
third convergence point - the two dynamically impact the accrual and the quality of 
reserve. 

The third and last convergence point is that both experiences are known to affect 
reserve accrual. In the case of sleep, deep sleep stages such as SWS facilitate memory 
consolidation, a process in which information acquired during the day is transferred to 
long-term memory, directly contributing to enhanced reserve (e.g., van den Berg et al., 
2022). Similarly, the constant language monitoring required by bilingualism engages the 
executive control network responsible for attentional control, inhibition, and cognitive 
flexibility, further bolstering reserve (e.g., Bialystok, 2021; Grant et al., 2014).  

Both sleep and bilingualism have also been shown to affect the incidence and/or 
trajectory of neurodegenerative conditions such as AD. Chronic sleep disorders, such as 
insomnia or sleep apnea, have been linked to an increased risk of cognitive decline and 
dementia, potentially due to the disruption of restorative processes during sleep, such as 
the clearance of neurotoxic waste products from the brain (e.g., Eugene & Masiak, 2015; 
Jones & Ikuta, 2022). Symmetrically, bilingualism has been shown to delay the onset of 
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dementia symptoms, with bilingual seniors often displaying a higher tolerance for neural 
deterioration compared to monolinguals, thereby delaying the clinical expression of 
cognitive impairments (e.g., Anderson et al., 2020; Brini et al., 2020). This suggests that 
both adequate sleep and bilingualism help build a form of cognitive resilience that allows 
the brain to better withstand age-related pathology. 

In addition, both good quality sleep and bilingualism promote structural and 
functional neuroplasticity, the brain’s ability to reorganize and form new neural 
connections, which is essential for maintaining functional and structural integrity and 
accumulating reserve. Both sleep (e.g., Dutil et al., 2018) and bilingualism (e.g., Taylor et 
al., 2022) support structural changes in the brain via synaptogenesis and synaptic 
pruning, leading to enhanced maintenance of neural networks in older age. Both have 
also been linked to functional brain modifications. Bilingualism has been shown to 
improve neural efficiency, particularly in the executive control network. Imaging studies 
reveal that bilingual seniors require less neural activation to achieve the same level of 
cognitive performance as their monolingual peers, indicating that bilingualism preserves 
neural efficiency as people age (e.g., Abutalebi et al., 2015; Ansaldo et al., 2015). This 
parallels findings in sleep research, where the preservation of memory consolidation 
during sleep has been associated with greater cognitive reserve and improved brain 
efficiency in older adults (e.g., Ourry et al., 2021). 

In sum, the mutual benefits of sleep and bilingualism for cognitive reserve are 
evident in their shared ability to enhance cognitive capabilities, support neuroplasticity 
and preserve neural efficiency in the aging brain. Both factors are crucial for building 
resilience against cognitive decline and neurodegenerative diseases, contributing to a 
richer and more adaptive reserve that sustains cognitive health well into old age. 

 

 5. Research directions and open questions 

Our argumentation above leads to some starting points for a research program 
examining bilingual language learning and/or bilingualism-induced neurocognitive 
adaptations that fold in sleep (or vice versa). The goal of this final section is to articulate 
these starting points and several novel research questions that naturally emerge from 
them, as well as their field-specific and cross-disciplinary implications. We have argued 
that neurobiological adaptations related to additional language learning and use are 
mediated by sleep. Unfortunately, to our knowledge, no research on this topic currently 
exists. We suggest that a program to fill this gap can emerge from combining the insights 
from the cognitive neuroscience literature of sleep, and that of bilingualism, by focusing 
on the several loci where the two overlap, as reviewed above. 



 

16 
 

Consider first the effects of multiple language use. Here, the task is to investigate 
whether the interface of sleep and life-long bilingual experience relates to cognitive and 
neurobiological adaptations. As outlined above, we have strong theoretical reasons to 
suggest that sleep and sleep disorders, such as insomnia, may differentially affect 
cognitive functioning in individuals with different bilingual profiles. More experienced 
bilinguals would be expected to better withstand the generally negative effect of poor 
sleep on executive functioning. Our very recent study offers a first-pass confirmation of 
this general hypothesis (Terekhina, et al., under review). Importantly, the data revealed 
that the beneficial effect of bilingualism on executive functioning, measured via a 
standard flanker-task setup, increased as a function of decreasing levels of sleep quality 
as measured via the Pittsburgh Sleep Quality Index (PSQI) and increasing levels of 
insomnia symptoms as measured via the Insomnia Severity Index (ISI). In other words, 
there was a stronger facilitating effect of second language proficiency on executive 
functioning in poor sleepers and individuals with insomnia. This pattern suggests that 
(1) bilingualism can mitigate the detrimental effects of poor sleep on cognitive 
performance and (2) that poor sleep, a factor detrimental for efficient cognitive 
performance, allows bilingualism’s cognitive consequences to be more readily observed, 
in line with the hypotheses suggested by Valian (2015) and Kroll and Bialystok (2013) 
discussed above. When it comes to the neural underpinnings of this interplay, the first 
step would be to take continuous measures of bilingualism and sleep and examine their 
moderated effects on outcomes in the corresponding brain substrates (e.g., function, 
structural plasticity, etc.) and subsequently examine the relationship to executive 
function (e.g., attentional control). It is important to note that we do not necessarily view 
the relationship between sleep, bilingualism, and cognition as causal. What we argue for 
is a mediated relationship, which emerges as a byproduct of the fact that bilingualism 
and sleep affect the same cognitive functions that, over time, contribute to the accrual of 
reserve. At the same time, sleep is crucial for a cognitive mechanism essential for 
bilingualism and language learning – namely, information consolidation. 

Second, when it comes to memory consolidation and learning, bilingualism and 
sleep should play a crucial role during both additional language learning and bilingual 
language use. As mentioned above, the role of sleep in the consolidation of language 
learning is well documented. However, much remains to be discovered about the effects 
of different sleep stages and sleep quality on specific aspects of the learning of language 
categories (phonological, morpho-lexical, syntactic), how the sleep consolidation of 
“declarative” and “procedural” learning relates to language processing, and the 
contextual effects of language learning and use on the sleep-related consolidation of 
linguistic knowledge.  Other open questions relate to the role of sleep in the consolidation 
of (bilingual) language use, rather than learning. While there is little relevant research on 
the role of sleep in the updating of language use, some recent studies suggest that sleep 
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may condition the consolidation of context-specific lexical information. For example, 
Gaskell,  et al., (2019) explored how contextual priming of one of a homophones meanings 
(e.g., “fence” as a barrier or a sword sport) is influenced by sleep. They showed that being 
exposed to homophones in a particular context improves the retrieval of the context 
appropriate meaning, and that this effect becomes more stable after sleep. Mak et al. 
(2023) demonstrated similar sleep consolidation effects for non-homophonic 
interpretations of word meaning (e.g., bathtub-slip vs. bathtub-relax), and argued that 
episodic memory and sleep contribute to the maintenance of context-specific lexical 
information. Both of these studies demonstrate the role of sleep in the consolidation of 
contextual associations that influence subsequent language processing. These findings 
raise important questions about the role of sleep in the consolidation of language use in 
bilinguals. Critically, how much of what is consolidated is language specific, and what 
are the consequences of language-specific consolidation on language control? For 
example, to what extent does sleep consolidate language-specific word-to-concept links 
and how does this consolidation affect inhibitory control requirements during language 
switching, a process proposed to underpin the accrual of reserve (Gallo et al., 2022; Gallo 
& Abutalebi, 2023).  

In order to determine the factors that underpin the role of sleep in language 
learning and control, interdisciplinary research is required. This research should combine 
carefully controlled language learning and consolidation manipulations with detailed 
sleep and bilingual experience data and/or interventions that manipulate sleep during a 
period of controlled language learning. As reviewed above, combining these 
methodologies with measurements of on-task oscillatory activity could extend our 
understanding of the role of different sleep stages in these processes. In addition, this 
research requires an individual differences approach to determine how the consolidation 
of language usage and language control are modulated by both sleep quality (across 
different stages) and aspects of bilingual experience. Finally, research will need to test the 
life-course progression of such mechanisms to test whether they undergo qualitative or 
only quantitative changes when the cognitive aging trajectory begins. 

Third, when it comes to cognitive performance and reserve, bilingualism makes a 
generally positive contribution via facilitating attentional processes and executive 
control, as well as strengthening the corresponding neural resources, while poor sleep 
does the opposite- via insufficient recovery and exhausting the corresponding resources. 
These processes, taking place at different life stages, may eventually result in the 
accumulation or depletion of reserve. At earlier life stages, poor sleep will thus impair 
neurocognitive resources, while bilingualism may reinforce them. Logically, during later 
life stages, this predicts that an individual with a history of chronic sleep difficulties will 
be disadvantaged in terms of the amount of reserve they are able to accumulate. 



 

18 
 

However, the same individual with rich bilingual experience should be able to mitigate 
the negative effects of accumulated poor sleep. In other words, bilingualism may function 
as a compensatory mechanism. This view suggests several avenues for both behavioral 
and neuroimaging studies. One such avenue follows from the study by Terekhina et al. 
(under review) discussed above. Namely, future research will need to examine how 
individual aspects of sleep, including the distribution and power of each sleep stage in 
both clinical and subclinical sleep disorders lead to the registration of the most general 
effect reported in Terekhina, et al. Conversely, there is a need to investigate whether 
specific parameters and components of bilingual experience (e.g., use scope, context, 
proficiency, age of acquisition, etc.) have equally strong compensatory effects for younger 
adults’ neurocognition and seniors’ reserve mechanisms. Future studies will also need to 
take direct measures of sleep and sleep dysfunction e.g., using polysomnography as a 
direct, online window into sleep. Another approach would involve the direct 
manipulation of sleep - e.g., employing existing sleep restriction and deprivation 
protocols. Finally, as noted above, it remains to be seen what the relative contribution of 
good quality sleep to reserve is and the extent to which that is modulated by bilingual 
experience.  

  Our final note is that it is important to keep in mind the directionality of influence 
when attempting to carve out the initial hypothesis space between sleep and 
bilingualism. Overall, while extensive engagement in bilingualism is linked to enhanced 
cognitive efficiency, impaired sleep leads to notable cognitive deficits. Therefore, the 
resulting intuition to be tested, is that each should modulate each other’s impact on 
cognitive functioning. Although this novel idea regarding the interplay between sleep 
and bilingualism requires a great deal of empirical groundwork, it is reasonable to expect 
that, under the right conditions, the generally positive impact of bilingualism on 
cognitive functioning can compensate for the generally negative cognitive effects 
stemming from poor sleep. Similarly, while the effects of sleep on memory consolidation 
and learning are well documented, relatively little is known about the impact of sleep on 
how bilingual language usage finetunes cognitive functioning. Such fine-tuning should 
incur, as the research we have reviewed indicates, the shared involvement of specific 
brain regions in both sleep regulation and bilingual language control. This argument 
underscores the importance of a broader empirical investigation at the intersection of 
bilingual language learning and usage, sleep, and cognitive science. 

6. Conclusions 

The goal of the present paper was to map out the rationale for a novel, cross-
disciplinary research program combining expertise from the cognitive neuroscience study 
of sleep, on the one hand, and that of bilingualism, on the other. To contextualize this, we 
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began by reviewing literature regarding the effects of sleep on cognitive performance and 
its implications for brain structure and function. We then reviewed the same landscape 
with a focus on effects of bilingual experience. As we demonstrated, it is not simply the 
case that both sleep and bilingualism correlate with cognitive and/or brain adaptations. 
Crucially, there are significant overlaps in the specific cognitive functions, brain regions 
and networks in which adaptations are shown, and these adaptations often go in 
opposing directions. These observations support the utility of combining sleep and 
bilingualism in a single research program. The reviewed overlap in cognitive functioning 
and implicated neural networks strengthens the hypothesis that sleep and bilingual 
adaptations partially relate to shared underlying mechanisms at multiple levels. This, in 
turn, suggests that they could have a mitigating relationship for affecting the mind/brain 
in the real world, with serious implications for both theory and empirical work that have 
previously flown under the radar. Moreover, investigating sleep and bilingualism in a 
single research program will help to illuminate each more completely within their 
respective domains, as well as open new avenues for capitalizing on their relationship on 
both theoretical and practical levels. For example, the program of research we propose 
above will test our hypothesis that an individual’s status of bilingualism and sleep are 
variables that need to be unconfounded. This will also help to explain the nature of 
individual differences observed in both disciplines. On the practical side, this new 
research will provide the necessary building blocks for harnessing knowledge about 
sleep quality towards better language interventions in older age or simply for improved 
language learning at any age. 

 
 

Author notes: 

This project has received funding from the European Union’s Horizon Europe research 
and innovation programme under the Marie Sklodowska-Curie grant agreement No 
101106069 to FG. VD, JA and JR were supported by the Center for Language, Brain and 
Learning (C-LaBL), UiT the Arctic University of Norway. The work reported in this 
paper was supported by the Basic Research Program at the National Research 
University Higher School of Economics.   



 

20 
 

References 
 
Abutalebi, J., Canini, M., Della Rosa, P. A., Green, D. W., & Weekes, B. S. (2015). The 
neuroprotective effects of bilingualism upon the inferior parietal lobule: A Structural 
Neuroimaging Study in Aging Chinese Bilinguals. Journal of Neurolinguistics, 33, 3–13. 
https://doi.org/10.1016/j.jneuroling.2014.09.008. 
 
Abutalebi, J., Della Rosa, P. A., Ding, G., Weekes, B., Costa, A., & Green, D. W. (2013). 
Language proficiency modulates the engagement of cognitive control areas in 
multilinguals. Cortex, 49(3), 905–911. 
https://doi.org/https://doi.org/10.1016/j.cortex.2012.08.018.  
 
Abutalebi, J., Della Rosa, P. A., Green, D. W., Hernandez, M., Scifo, P., Keim, R., Cappa, 
S. F., & Costa, A. (2012). Bilingualism tunes the anterior cingulate cortex for conflict 
monitoring. Cerebral Cortex, 22(9), 2076–2086. https://doi.org/10.1093/cercor/bhr287.  
 
Abutalebi, J., & Green, D. (2007). Bilingual language production: The neurocognition of 
language representation and control. Journal of Neurolinguistics, 20(3), 242–275. 
https://doi.org/10.1016/j.jneuroling.2006.10.003.  
 
Abutalebi, J., & Green, D. W. (2016). Neuroimaging of language control in bilinguals: 
Neural adaptation and reserve. Bilingualism, 19(4), 689–698. 
https://doi.org/10.1017/S1366728916000225.  
 
Abutalebi J, Miozzo A, and Cappa SF. Do subcortical structures control ‘language 
selection’ in polyglots? Evidence from pathological language mixing. Neurocase, 6: 51–
56, 2000. 
 
Alhola, P., & Polo-Kantola, P. (2007). Sleep deprivation: Impact on cognitive 
performance. Neuropsychiatric Disease and Treatment, 3(5), 553–567. 
 
Anderson, J. A. E., Chung-Fat-Yim, A., Bellana, B., Luk, G., & Bialystok, E. (2018). 
Language and cognitive control networks in bilinguals and monolinguals. 
Neuropsychologia, 117, 352–363. 
 
Anderson, J. A. E., Hawrylewicz, K., & Grundy, J. G. (2020). Does bilingualism protect 
against dementia? A meta-analysis. Psychonomic Bulletin & Review, 27(5), 952–965. 
https://doi.org/10.3758/s13423-020-01736-5 
 
Anderson, A. J., & Perone, S. (2018). Developmental change in the resting state 

https://doi.org/10.1016/j.jneuroling.2014.09.008
https://doi.org/https:/doi.org/10.1016/j.cortex.2012.08.018
https://doi.org/10.1093/cercor/bhr287
https://doi.org/10.1016/j.jneuroling.2006.10.003
https://doi.org/10.1017/S1366728916000225
https://doi.org/10.3758/s13423-020-01736-5


 

21 
 

electroencephalogram: Insights into cognition and the brain. Brain and cognition, 126, 40-
52. 
 
Ansaldo, A. I., Ghazi-Saidi, L., & Adrover-Roig, D. (2015). Interference Control In 
Elderly Bilinguals: Appearances Can Be Misleading. Journal of Clinical and Experimental 
Neuropsychology, 37(5), 455–470. https://doi.org/10.1080/13803395.2014.990359 
 
Apostolova, L. G., Steiner, C. A., Akopyan, G. G., Dutton, R. A., Hayashi, K. M., Toga, 
A. W., Cummings, J. L., & Thompson, P. M. (2007). Three-dimensional gray matter 
atrophy mapping in mild cognitive impairment and mild Alzheimer disease. Archives of 
Neurology, 64(10), 1489–1495. https://doi.org/10.1001/archneur.64.10.1489 
 
Arce Rentería, M., Casalletto, K., Tom, S., Pa, J., Harrati, A., Armstrong, N., Rajan, K. B., 
Manly, J., Mungas, D., & Zahodne, L. (2019). The Contributions of Active Spanish-
English Bilingualism to Cognitive Reserve among Older Hispanic Adults Living in 
California. Archives of Clinical Neuropsychology, 34(7), 1235–1235. 
https://doi.org/10.1093/arclin/acz029.02 
 
Assefa, S. Z., Diaz-Abad, M., Wickwire, E. M., & Scharf, S. M. (2015). The Functions of 
Sleep. Aims Neuroscience, 2(3). 
 
Bak, T. H., Nissan, J. J., Allerhand, M. M., & Deary, I. J. (2014). Does bilingualism  
influence cognitive aging? Annals of Neurology, 75(6), 959–963. 
https://doi.org/10.1002/ana.24158 
 
Barclay, N.L., & Myachykov, A. (2017). 0188 RELATIVE SLEEP DURATION 
VARIABILITY PREDICTS ATTENTIONAL PERFORMANCE. Sleep, 40, A69–A70. 
 
Barclay, N.L., Rowley, S., Robson, A., Akram, U., & Myachykov, A. (2020). Sleep 
duration, sleep variability, and impairments of visual attention. Quarterly Journal of 
Experimental Psychology, 73(6), 868–880. 
 
Batterink, L. J., & Paller, K. A. (2017). Sleep-based memory processing facilitates 
grammatical generalization: Evidence from targeted memory reactivation. Brain and 
Language, 167, 83–93. 
 
Berkes, M., Calvo, N., Anderson, J. A. E., Bialystok, E., & Initiative for the Alzheimer’s 
Disease Neuroimaging. (2021). Poorer clinical outcomes for older adult monolinguals 
when matched to bilinguals on brain health. Brain Structure and Function, 226(2), 415–
424. https://doi.org/10.1007/s00429-020-02185-5 

https://doi.org/10.1007/s00429-020-02185-5


 

22 
 

 
Bialystok, E. (2016). The signal and the noise: Finding the pattern in human behavior. 
Linguistic Approaches to Bilingualism, 6(5), 517–534. 
 
Bialystok, E. (2017). The bilingual adaptation: How minds accommodate experience. 
Psychological Bulletin, 143(3), 233–262. https://doi.org/10.1037/bul0000099 
 
Bialystok, E. (2021). Bilingualism: Pathway to Cognitive Reserve. Trends in Cognitive 
Sciences, 1–10. https://doi.org/10.1016/j.tics.2021.02.003 
 
Bialystok, E., Craik, F. I. M., & Luk, G. (2012). Bilingualism: consequences for mind and 
brain. Trends in Cognitive Sciences, 16(4), 240–250. 
https://doi.org/https://doi.org/10.1016/j.tics.2012.03.001 
 
Bialystok, E., Poarch, G., Luo, L., & Craik, F. I. M. (2014). Effects of bilingualism and 
aging on executive function and working memory. Psychology and Aging, 29(3), 696–705. 
https://doi.org/10.1037/a0037254 
 
Bice, K., Yamasaki, B. L., & Prat, C. S. (2020). Bilingual language experience shapes 
resting-state brain rhythms. Neurobiology of Language, 1(3), 288-318. 
 
Born, J., Rasch, B., & Gais, S. (2006). Sleep to remember. The Neuroscientist, 12(5), 410–
424. 
 
Born, J., & Wilhelm, I. (2012). System consolidation of memory during sleep. 
Psychological Research, 76, 192–203. 
 
Bourgouin, P.-A., Rahayel, S., Gaubert, M., Postuma, R. B., Montplaisir, J., Carrier, J., 
Monchi, O., Pelletier, A., & Gagnon, J.-F. (2019). Gray matter substrates of depressive 
and anxiety symptoms in idiopathic REM sleep behavior disorder. Parkinsonism & 
Related Disorders, 62, 163–170. 
 
Brini, S., Sohrabi, H. R., Hebert, J. J., Forrest, M. R. L., Laine, M., Hämäläinen, H., 
Karrasch, M., Peiffer, J. J., Martins, R. N., & Fairchild, T. J. (2020). Bilingualism Is 
Associated with a Delayed Onset of Dementia but Not with a Lower Risk of Developing 
it: a Systematic Review with Meta-Analyses. Neuropsychology Review, 30(1), 1–24. 
https://doi.org/10.1007/s11065-020-09426-8 
 
Bulut, T., & Hagoort, P. (2024). Contributions of the left and right thalami to language: 

https://doi.org/10.1037/a0037254


 

23 
 

A meta-analytic approach. Brain Structure and Function, 1-18. 
 
Campabadal, A., Segura, B., Junque, C., & Iranzo, A. (2021). Structural and functional 
magnetic resonance imaging in isolated REM sleep behavior disorder: A systematic 
review of studies using neuroimaging software. Sleep Medicine Reviews, 59, 101495. 
 
Calvo, N., Phillips, N., & Einstein, G. (2024). The Role of Bilingualism and Biological Sex 
as Risk and Resilience Factors in the COMPASS-ND Cohort. Canadian Geriatrics Journal, 
27(3), 363-364. 
 
Cantero, J. L., & Atienza, M. (2005). The role of neural synchronization in the emergence 
of cognition across the wake-sleep cycle. Sleep Medicine Reviews, 9(4), 271-285. 
 
Cantero, J. L., Atienza, M., Madsen, J. R., & Stickgold, R. (2004). Gamma EEG dynamics 
in neocortex and hippocampus during human wakefulness and sleep. Neuroimage, 22(3), 
1271-1280. 
 
Carskadon, M. A., & Dement, W. C. (2005). Normal human sleep: an overview. 
Principles and Practice of Sleep Medicine, 4(1), 13–23. 
 
Costumero, V., Marin-Marin, L., Calabria, M., Belloch, V., Escudero, J., Baquero, M., 
Hernandez, M., Ruiz de Miras, J., Costa, A., Parcet, M.-A., & Ávila, C. (2020). A cross-
sectional and longitudinal study on the protective effect of bilingualism against 
dementia using brain atrophy and cognitive measures. Alzheimer’s Research & Therapy, 
12(1), 11. https://doi.org/10.1186/s13195-020-0581-1 
 
Dai, X.-J., Jiang, J., Zhang, Z., Nie, X., Liu, B.-X., Pei, L., Gong, H., Hu, J., Lu, G., & Zhan, 
Y. (2018). Plasticity and susceptibility of brain morphometry alterations to insufficient 
sleep. Frontiers in Psychiatry, 9, 266. 
 
De Frutos-Lucas, J., López-Sanz, D., Cuesta, P., Bruña, R., De La Fuente, S., Serrano, N., 
López, M. E., Delgado-Losada, M. L., López-Higes, R., Marcos, A., & Maestú, F. (2020). 
Enhancement of posterior brain functional networks in bilingual older adults. 
Bilingualism, 23(2), 387–400. https://doi.org/10.1017/S1366728919000178 
 
De Houwer, A. (2021). Bilingual Development in Childhood. Cambridge University Press. 
https://doi.org/DOI: 10.1017/9781108866002 
 
Del Maschio, N., Sulpizio, S., Gallo, F., Fedeli, D., Weekes, B. S., & Abutalebi, J. (2018). 
Neuroplasticity across the lifespan and aging effects in bilinguals and monolinguals. 



 

24 
 

Brain and Cognition, 125. https://doi.org/10.1016/j.bandc.2018.06.007 
 
Della Rosa, P. A., Videsott, G., Borsa, V. M., Canini, M., Weekes, B. S., Franceschini, R., 
& Abutalebi, J. (2013). A neural interactive location for multilingual talent. Cortex, 49(2), 
605–608. https://doi.org/10.1016/j.cortex.2012.12.001 
 
DeLuca, V., Rothman, J., Bialystok, E., & Pliatsikas, C. (2019). Redefining bilingualism as 
a spectrum of experiences that differentially affects brain structure and function. 
Proceedings of the National Academy of Sciences, 116(15), 7565 LP – 7574. 
https://doi.org/10.1073/pnas.1811513116 
 
DeLuca, V., Rothman, J., & Pliatsikas, C. (2019). Linguistic immersion and structural 
effects on the bilingual brain: a longitudinal study. Bilingualism: Language and Cognition, 
22(5), 1160–1175. https://doi.org/DOI: 10.1017/S1366728918000883 
 
DeLuca, V., Voits, T., Ni, J., Carter, F., Rahman, F., Mazaheri, A., Krott, A., & Segaert, K. 
(2024). Mapping individual aspects of bilingual experience to adaptations in brain 
structure. Cerebral Cortex, 34(2), bhae029. 
 
Diekelmann, S., & Born, J. (2010). The memory function of sleep. Nature Reviews 
Neuroscience, 11(2), 114–126. 
 
Dumay, N., & Gaskell, M. G. (2007). Sleep-associated changes in the mental 
representation of spoken words. Psychological Science, 18(1), 35–39. 
 
Dutil, C., Walsh, J. J., Featherstone, R. B., Gunnell, K. E., Tremblay, M. S., Gruber, R., 
Weiss, S. K., Cote, K. A., Sampson, M., & Chaput, J.-P. (2018). Influence of sleep on 
developing brain functions and structures in children and adolescents: A systematic 
review. Sleep Medicine Reviews, 42, 184–201. 
 
Earle, F. S., Landi, N., & Myers, E. B. (2017). Sleep duration predicts behavioral and 
neural differences in adult speech sound learning. Neuroscience Letters, 636, 77–82. 
 
Earle, F. S., & Myers, E. B. (2015). Sleep and native language interference affect non-
native speech sound learning. Journal of Experimental Psychology: Human Perception and 
Performance, 41(6), 1680. 
 
Emamian, F., Mahdipour, M., Noori, K., Rostampour, M., Mousavi, S. B., Khazaie, H., 
Khodaie-Ardakani, M., Tahmasian, M., & Zarei, M. (2021). Alterations of subcortical 
brain structures in paradoxical and psychophysiological insomnia disorder. Frontiers in 



 

25 
 

Psychiatry, 12, 661286. 
 
Eugene, A. R., & Masiak, J. (2015). The Neuroprotective Aspects of Sleep. MEDtube 
Science, 3(1), 35–40. 
 
Feng, Z., Wang, J., Xu, L., Wu, J., Li, H., Wang, Z., & Duan, M. (2024). Relationship 
Between Excessive Daytime Sleepiness and Caudate Nucleus Volume in Patients with 
Subjective Cognitive Decline: A Study from the SILCODE Using the Volbrain. Journal of 
Alzheimer's Disease Reports, 8(1), 935-944. 
 
Ferrara, M., Moroni, F., De Gennaro, L., & Nobili, L. (2012). Hippocampal sleep features: 
relations to human memory function. Frontiers in neurology, 3, 57. 
 
Frank, M. G., & Cantera, R. (2014). Sleep, clocks, and synaptic plasticity. Trends in 
Neurosciences, 37(9), 491–501. 
 
Frank, M. G., & Heller, H. C. (2019). The function (s) of sleep. Sleep-Wake Neurobiology 
and Pharmacology, 3–34. 
 
Gais, S., & Born, J. (2004). Declarative memory consolidation: mechanisms acting during 
human sleep. Learning & Memory, 11(6), 679–685. 
 
Gallo, F., & Abutalebi, J. (2023). The unique role of bilingualism among cognitive 
reserve-enhancing factors. Bilingualism: Language and Cognition, 1–8. 
 
Gallo, F., DeLuca, V., Prystauka, Y., Voits, T., Rothman, J., & Abutalebi, J. (2022). 
Bilingualism and Aging: Implications for (Delaying) Neurocognitive Decline   . In 
Frontiers in Human Neuroscience   (Vol. 16). 
https://www.frontiersin.org/article/10.3389/fnhum.2022.819105 
 
Gallo, F., Novitskiy, N., Myachykov, A., & Shtyrov, Y. (2021). Individual differences in 
bilingual experience modulate executive control network and performance: behavioral 
and structural neuroimaging evidence. Bilingualism: Language and Cognition, 24(2), 293–
304. https://doi.org/DOI: 10.1017/S1366728920000486 
 
Gallo, F., Terekhina, L., Shtyrov, Y., & Myachykov, A. (2023). Neuroplasticity and 
cognitive reserve effects in the Caudate Nucleus of young bilingual adults. Bilingualism: 
Language and Cognition, 1–10. https://doi.org/DOI: 10.1017/S1366728923000457 
 
Gaskell, M. G., Cairney, S. A., & Rodd, J. M. (2019). Contextual priming of word 



 

26 
 

meanings is stabilized over sleep. Cognition, 182, 109–126. 
 
Gold, B. T., Johnson, N. F., & Powell, D. K. (2013). Lifelong bilingualism contributes to 
cognitive reserve against white matter integrity declines in aging. Neuropsychologia, 
51(13), 2841–2846. https://doi.org/10.1016/j.neuropsychologia.2013.09.037 
 
Gold, B. T., Kim, C., Johnson, N. F., Kryscio, R. J., & Smith, C. D. (2013). Lifelong 
bilingualism maintains neural efficiency for cognitive control in aging. Journal of 
Neuroscience, 33(2), 387–396. https://doi.org/10.1523/JNEUROSCI.3837-12.2013 
 
Grady, C. L., Luk, G., Craik, F. I. M., & Bialystok, E. (2015). Brain network activity in 
monolingual and bilingual older adults. Neuropsychologia, 66, 170–181. 
https://doi.org/10.1016/j.neuropsychologia.2014.10.042 
 
Grant, A., Dennis, N. A., & Li, P. (2014). Cognitive control, cognitive reserve, and 
memory in the aging bilingual brain. Frontiers in Psychology, 5(DEC), 1401. 
https://doi.org/10.3389/fpsyg.2014.01401 
 
Green, D. W., & Abutalebi, J. (2008). Understanding the link between bilingual aphasia 
and language control. Journal of Neurolinguistics, 21(6), 558–576. 
 
Green, D. W., & Abutalebi, J. (2013). Language control in bilinguals: The adaptive 
control hypothesis. Journal of Cognitive Psychology, 25(5), 515–530. 
https://doi.org/10.1080/20445911.2013.796377 
 
Gruber, R., & Cassoff, J. (2014). The interplay between sleep and emotion regulation: 
conceptual framework empirical evidence and future directions. Current Psychiatry 
Reports, 16, 1–9. 
 
Grundy, J. G. (2020). The effects of bilingualism on executive functions: an updated 
quantitative analysis. Journal of Cultural Cognitive Science, 4(2), 177–199. 
https://doi.org/10.1007/s41809-020-00062-5 
 
Guzman-Marin, R., & McGinty, D. (2006). Sleep deprivation suppresses adult 
neurogenesis: clues to the role of sleep in brain plasticity. Sleep and Biological Rhythms, 4, 
27–34. 
 
Harmony, T. (2013). The functional significance of delta oscillations in cognitive 
processing. Frontiers in integrative neuroscience, 7, 83. 
 



 

27 
 

Harris, C. L. (2006). Language and cognition. Encyclopedia of Cognitive Science, 
10(0470018860), s00559. 
 
Huang, X., Tang, S., Lyu, X., Yang, C., & Chen, X. (2019). Structural and functional brain 
alterations in obstructive sleep apnea: a multimodal meta-analysis. Sleep Medicine, 54, 
195–204. 
 
Iranzo, A., Fernández-Arcos, A., Tolosa, E., Serradell, M., Molinuevo, J. L., Valldeoriola, 
F., Gelpi, E., Vilaseca, I., Sánchez-Valle, R., & Lladó, A. (2014). Neurodegenerative 
disorder risk in idiopathic REM sleep behavior disorder: study in 174 patients. PloS One, 
9(2), e89741. 
 
Irwin, M. R. (2019). Sleep and inflammation: partners in sickness and in health. Nature 
Reviews Immunology, 19(11), 702–715. 
 
Jacobs, G. D., & Friedman, R. (2004). EEG spectral analysis of relaxation 
techniques. Applied psychophysiology and biofeedback, 29, 245-254. 
 
Jared, D., & Kroll, J. F. (2001). Do Bilinguals Activate Phonological Representations in 
One or Both of Their Languages When Naming Words? Journal of Memory and Language, 
44(1), 2–31. https://doi.org/https://doi.org/10.1006/jmla.2000.2747 
 
Jiang, C., Cai, S., & Zhang, L. (2023). Functional Connectivity of White Matter and Its 
Association with Sleep Quality. Nature and Science of Sleep, 287–300. 
 
Jones, N. F., & Ikuta, T. (2022). Sleep duration is associated with Caudate volume and 
executive function. Brain Imaging and Behavior, 16(6), 2601–2607. 
https://doi.org/10.1007/s11682-022-00715-9 
 
Jugovac, D., & Cavallero, C. (2012). Twenty-four hours of total sleep deprivation 
selectively impairs attentional networks. Experimental Psychology. 
 
Kaushanskaya, M., & Marian, V. (2007). Bilingual language processing and interference 
in bilinguals: Evidence from eye tracking and picture naming. Language Learning, 57, 
119–163. 
 
Klimesch, W. (2003). EEG theta, memory, and sleep. In Detection of change: Event-related 
potential and fMRI findings (pp. 149-165). Boston, MA: Springer US. 
 
Korenar, M., Treffers-Daller, J., & Pliatsikas, C. (2023). Dynamic effects of bilingualism 



 

28 
 

on brain structure map onto general principles of experience-based neuroplasticity. 
Scientific Reports, 13(1), 3428. https://doi.org/10.1038/s41598-023-30326-3 
 
Kowoll, M. E., Degen, C., Gorenc, L., Küntzelmann, A., Fellhauer, I., Giesel, F., 
Haberkorn, U., & Schröder, J. (2016). Bilingualism as a Contributor to Cognitive 
Reserve? Evidence from Cerebral Glucose Metabolism in Mild Cognitive Impairment 
and Alzheimer’s Disease. Frontiers in Psychiatry, 7(APR), 15. 
https://doi.org/10.3389/fpsyt.2016.00062 
 
Kroll, J. F., & Bialystok, E. (2013). Understanding the consequences of bilingualism for 
language processing and cognition. Journal of Cognitive Psychology, 25(5), 497–514. 
 
Kroll, J. F., Bobb, S. C., & Hoshino, N. (2014). Two Languages in Mind: Bilingualism as a 
Tool to Investigate Language, Cognition, and the Brain. Current Directions in 
Psychological Science, 23(3), 159–163. https://doi.org/10.1177/0963721414528511 
 
Kroll, J. F., Bobb, S. C., Misra, M., & Guo, T. (2008). Language selection in bilingual 
speech: Evidence for inhibitory processes. Acta Psychologica, 128(3), 416–430. 
https://doi.org/https://doi.org/10.1016/j.actpsy.2008.02.001 
 
Kroll, J. F., Dussias, P. E., Bice, K., & Perrotti, L. (2015). Bilingualism, Mind, and Brain. 
Annual Review of Linguistics, 1, 377–394. https://doi.org/10.1146/annurev-linguist-030514-
124937 
 
Kurdziel, L. B., Mantua, J., & Spencer, R. M. (2017). Novel word learning in older adults: 
A role for sleep?. Brain and language, 167, 106-113. 
 
Lee, T. W., Yu, Y. W., Wu, H. C., & Chen, T. J. (2011). Do resting brain dynamics predict 
oddball evoked-potential?. BMC neuroscience, 12, 1-10. 
 
Lehtonen, M., Soveri, A., Laine, A., Järvenpää, J., de Bruin, A., & Antfolk, J. (2018). Is 
bilingualism associated with enhanced executive functioning in adults? A meta-analytic 
review. In Psychological Bulletin (Vol. 144, Issue 4, pp. 394–425). American Psychological 
Association. https://doi.org/10.1037/bul0000142 
 
Leivada, E., Westergaard, M., Duñabeitia, J. A., & Rothman, J. (2021). On the phantom-
like appearance of bilingualism effects on neurocognition: (How) should we proceed? 
Bilingualism: Language and Cognition, 24(1), 197–210. https://doi.org/DOI: 
10.1017/S1366728920000358 
 

https://doi.org/10.3389/fpsyt.2016.00062
https://doi.org/10.1146/annurev-linguist-030514-124937
https://doi.org/10.1146/annurev-linguist-030514-124937


 

29 
 

Li, P., Legault, J., & Litcofsky, K. A. (2014). Neuroplasticity as a function of second 
language learning: Anatomical changes in the human brain. Cortex, 58, 301–324. 
https://doi.org/https://doi.org/10.1016/j.cortex.2014.05.001 
 
Li, Q., Ding, X., & Lu, Y. (2023). Neural Connections of the Thalamus in the Whole Brain 
Network: Analysis Based on Resting-State fMRI. 17th International Conference on Complex 
Medical Engineering (CME) (pp. 157-160). IEEE. 
 
Lim, J., & Dinges, D. F. (2008). Sleep deprivation and vigilant attention. Annals of the 
New York Academy of Sciences, 1129(1), 305–322. 
 
Lim, J., & Dinges, D. F. (2010). A meta-analysis of the impact of short-term sleep 
deprivation on cognitive variables. Psychological Bulletin, 136(3), 375. 
 
Ljungberg, J. K., Hansson, P., Andrés, P., Josefsson, M., & Nilsson, L.-G. (2013). A 
longitudinal study of memory advantages in bilinguals. In PLoS ONE (Vol. 8, Issue 9). 
Public Library of Science. https://doi.org/10.1371/journal.pone.0073029 
 
Luk, G., Anderson, J. A. E., Craik, F. I. M., Grady, C., & Bialystok, E. (2010). Distinct 
neural correlates for two types of inhibition in bilinguals: Response inhibition versus 
interference suppression. Brain and Cognition, 74(3), 347–357. 
https://doi.org/10.1016/j.bandc.2010.09.004 
 
Luk, G., & Bialystok, E. (2013). Bilingualism is not a categorical variable: Interaction 
between language proficiency and usage. Journal of Cognitive Psychology (Hove, England), 
25(5), 605–621. https://doi.org/10.1080/20445911.2013.795574 
 
Luk, G., Bialystok, E., Craik, F. I. M., & Grady, C. L. (2011). Lifelong bilingualism 
maintains white matter integrity in older adults. Journal of Neuroscience, 31(46), 16808–
16813. https://doi.org/10.1523/JNEUROSCI.4563-11.2011 
 
Mak, M. H. C., Curtis, A. J., Rodd, J. M., & Gaskell, M. G. (2023). Episodic memory and 
sleep are involved in the maintenance of context-specific lexical information. Journal of 
Experimental Psychology: General. 
 
Malhotra, R. K., & Avidan, A. Y. (2013). Sleep stages and scoring technique. Atlas of sleep 
medicine, 77-99. 
 
Manoach, D. S., & Stickgold, R. (2019). Abnormal sleep spindles, memory consolidation, 
and schizophrenia. Annual Review of Clinical Psychology, 15, 451–479. 

https://doi.org/10.1016/j.bandc.2010.09.004


 

30 
 

 
Maquet, P., Smith, C., & Stickgold, R. (2003). Sleep and brain plasticity. OUP Oxford. 
 
Martella, D., Casagrande, M., & Lupiáñez, J. (2011). Alerting, orienting and executive 
control: the effects of sleep deprivation on attentional networks. Experimental Brain 
Research, 210, 81–89. 
 
Mechelli, A., Crinion, J. T., Noppeney, U., O’ Doherty, J., Ashburner, J., Frackowiak, R. 
S., & Price, C. J. (2004). Neurolinguistics: Structural plasticity in the bilingual brain. 
Nature, 431(7010), 757. https://doi.org/10.1038/431757a 
 
Mednick, S., Nakayama, K., & Stickgold, R. (2003). Sleep-dependent learning: a nap is as 
good as a night. Nature Neuroscience, 6(7), 697–698. 
 
Mirković, J., & Gaskell, M. G. (2016). Does sleep improve your grammar? Preferential 
consolidation of arbitrary components of new linguistic knowledge. PloS One, 11(4), 
e0152489. 
 
Monaghan, P., Shaw, J. J., Ashworth-Lord, A., & Newbury, C. R. (2017). Hemispheric 
processing of memory is affected by sleep. Brain and Language, 167, 36-43. 
 
Newbury, C. R., Crowley, R., Rastle, K., & Tamminen, J. (2021). Sleep deprivation and 
memory: Meta-analytic reviews of studies on sleep deprivation before and after 
learning. Psychological Bulletin, 147(11), 1215. 
 
Ourry, V., Rehel, S., André, C., Gonneaud, J., Moulinet, I., Kuhn, E., Touron, E., 
Landeau, B., Mézenge, F., & Paly, L. (2021). Effect of cognitive reserve and amyloid 
deposition on sleep‐dependent cognition in older adults. Alzheimer’s & Dementia, 17, 
e051998. 
 
Ourry, V., Rehel, S., André, C., Mary, A., Paly, L., Delarue, M., Requier, F., Hendy, A., 
Collette, F., & Marchant, N. L. (2023). Effect of cognitive reserve on the association 
between slow wave sleep and cognition in community-dwelling older adults. Aging 
(Albany NY), 15(18), 9275. 
 
Paap, K. (2022). The bilingual advantage in executive functioning hypothesis: How the debate 
provides insight into psychology’s replication crisis. Routledge. 
 
Paap, K. R., Johnson, H. A., & Sawi, O. (2015). Bilingual advantages in executive 
functioning either do not exist or are restricted to very specific and undetermined 



 

31 
 

circumstances. Cortex, 69, 265–278. 
https://doi.org/https://doi.org/10.1016/j.cortex.2015.04.014 
 
Palma, P., & Titone, D. (2021). Something old, something new: A review of the literature 
on sleep-related lexicalization of novel words in adults. Psychonomic Bulletin & Review, 
28(1), 96–121. 
 
Paradis, M. (1994). Neurolinguistic aspects of implicit and explicit memory: implication 
for bilingualism and second language acquisition. Implicit and Explicit Learning of 
Languages. 
 
Parker, D., Bucks, R. S., Rainey-Smith, S. R., Hodgson, E., Fine, L., Sohrabi, H. R., 
Martins, R. N., & Weinborn, M. (2021). Sleep Mediates Age-Related Executive Function 
for Older Adults with Limited Cognitive Reserve. Journal of the International 
Neuropsychological Society, 27(7), 711–721. https://doi.org/DOI: 
10.1017/S1355617720001186 
 
Paulavicius, A. M., Mizzaci, C. C., Tavares, D. R. B., Rocha, A. P., Civile, V. T., Schultz, 
R. R., Pinto, A. C. P. N., & Trevisani, V. F. M. (2020). Bilingualism for delaying the onset 
of Alzheimer’s disease: a systematic review and meta-analysis. European Geriatric 
Medicine, 11(4), 651–658. https://doi.org/10.1007/s41999-020-00326-x 
 
Perani, D., & Abutalebi, J. (2015). Bilingualism, dementia, cognitive and neural reserve. 
Current Opinion in Neurology, 28(6). https://journals.lww.com/co-
neurology/Fulltext/2015/12000/Bilingualism,_dementia,_cognitive_and_neural.12.aspx 
 
Perani, D., Farsad, M., Ballarini, T., Lubian, F., Malpetti, M., Fracchetti, A., Magnani, G., 
March, A., & Abutalebi, J. (2017). The impact of bilingualism on brain reserve and 
metabolic connectivity in Alzheimer’s dementia. Proceedings of the National Academy of 
Sciences of the United States of America, 114(7), 1690–1695. 
https://doi.org/10.1073/pnas.1610909114 
 
Pinto, C., & Tandel, K. Y. (2016). Cognitive reserve: Concept, determinants, and 
promotion. Journal of Geriatric Mental Health, 3(1), 44–51. 
 
Pliatsikas, C. (2019). Multilingualism and Brain Plasticity. In The Handbook of the 
Neuroscience of Multilingualism (pp. 230–251). 
https://doi.org/https://doi.org/10.1002/9781119387725.ch11 
 
Poe, G. R. (2017). Sleep is for forgetting. Journal of Neuroscience, 37(3), 464–473. 



 

32 
 

Rechtschaffen, A. (1998). Current perspectives on the function of sleep. Perspectives in 
Biology and Medicine, 41(3), 359–390. 
 
Proskovec, A. L., Heinrichs-Graham, E., & Wilson, T. W. (2019). Load modulates the 
alpha and beta oscillatory dynamics serving verbal working memory. NeuroImage, 184, 
256-265. 
 
Prystauka, Y., & Lewis, A. G. (2019). The power of neural oscillations to inform sentence 
comprehension: A linguistic perspective. Language and Linguistics Compass, 13(9), 
e12347. 
 
Rodríguez-Pujadas, A., Sanjuán, A., Fuentes, P., Ventura-Campos, N., Barrós-
Loscertales, A., & Ávila, C. (2014). Differential neural control in early bilinguals and 
monolinguals during response inhibition. Brain and Language, 132, 43–51. 
https://doi.org/10.1016/j.bandl.2014.03.003 
 
Rossi, E., Soares, S. M. P., Prystauka, Y., Nakamura, M., & Rothman, J. (2023). Riding 
the (brain) waves! Using neural oscillations to inform bilingualism 
research. Bilingualism: Language and cognition, 26(1), 202-215. 
 
Rothman, J. (2024). Harnessing the bilingual descent down the mountain of life: 
Charting novel paths for Cognitive and Brain Reserves research. Bilingualism: Language 
and Cognition, 1–9. 
 
Sala, A., Malpetti, M., Farsad, M., Lubian, F., Magnani, G., Frasca Polara, G., Epiney, J.-
B., Abutalebi, J., Assal, F., Garibotto, V., & Perani, D. (2022). Lifelong bilingualism and 
mechanisms of neuroprotection in Alzheimer dementia. Human Brain Mapping, 43(2), 
581–592. https://doi.org/https://doi.org/10.1002/hbm.25605 
 
Satterfield, B. C., & Killgore, W. D. S. (2019). Sleep loss, executive function, and 
decision-making. In Sleep and health (pp. 339–358). Elsevier. 
 
Schreiner, T., & Rasch, B. (2015). Boosting vocabulary learning by verbal cueing during 
sleep. Cerebral Cortex, 25(11), 4169–4179. 
 
Schroeder, S. R., & Marian, V. (2012). A bilingual advantage for episodic memory in 
older adults. Journal of Cognitive Psychology, 24(5), 591–601. 
 
Schweizer, T. A., Ware, J., Fischer, C. E., Craik, F. I. M., & Bialystok, E. (2012). 
Bilingualism as a contributor to cognitive reserve: Evidence from brain atrophy in 

https://doi.org/10.1016/j.bandl.2014.03.003


 

33 
 

Alzheimer’s disease. Cortex, 48(8), 991–996. https://doi.org/10.1016/j.cortex.2011.04.009 
 
Shi, Y., Chen, L., Chen, T., Li, L., Dai, J., Lui, S., Huang, X., Sweeney, J. A., & Gong, Q. 
(2017). A meta-analysis of voxel-based brain morphometry studies in obstructive sleep 
apnea. Scientific Reports, 7(1), 10095. 

Shokri-Kojori, E., Wang, G. J., Wiers, C. E., Demiral, S. B., Guo, M., Kim, S. W., ... & 
Volkow, N. D. (2018). β-Amyloid accumulation in the human brain after one night of 
sleep deprivation. Proceedings of the national academy of sciences, 115(17), 4483-4488. 
 
Simon, K. C., Nadel, L., & Payne, J. D. (2022). The functions of sleep: A cognitive 
neuroscience perspective. In Proceedings of the National Academy of Sciences (Vol. 119, 
Issue 44, p. e2201795119). National Acad Sciences. 
 
Soares, S. M. P., Prystauka, Y., DeLuca, V., Botija, C. P. P., & Rothman, J. (2024). Brain 
Correlates of Attentional Load Processing Reflect Degree of Bilingual Engagement: 
Evidence from EEG. NeuroImage, 120786. 
 
Song, S., Stern, Y., & Gu, Y. (2022). Modifiable lifestyle factors and cognitive reserve: A 
systematic review of current evidence. Ageing Research Reviews, 74, 101551. 
 
Spencer, R. M. C., Walker, M. P., & Stickgold, R. (2017). Sleep and memory 
consolidation. Sleep Disorders Medicine: Basic Science, Technical Considerations and Clinical 
Aspects, 205–223. 
 
Spivey, M. J., & Marian, V. (1999). Cross Talk Between Native and Second Languages: 
Partial Activation of an Irrelevant Lexicon. Psychological Science, 10(3), 281–284. 
https://doi.org/10.1111/1467-9280.00151 
 
Stern, Y. (2009). Cognitive reserve. Neuropsychologia, 47(10), 2015–2028. 
https://doi.org/10.1016/j.neuropsychologia.2009.03.004 
 
Stern, Y., Arenaza‐Urquijo, E. M., Bartrés‐Faz, D., Belleville, S., Cantilon, M., Chetelat, 
G., Ewers, M., Franzmeier, N., Kempermann, G., Kremen, W. S., Okonkwo, O., 
Scarmeas, N., Soldan, A., Udeh‐Momoh, C., Valenzuela, M., Vemuri, P., & Vuoksimaa, 
E. (2020). Whitepaper: Defining and investigating cognitive reserve, brain reserve, and 
brain maintenance. Alzheimer’s & Dementia, 16(9), 1305–1311. 
https://doi.org/10.1016/j.jalz.2018.07.219 
 

https://doi.org/10.1016/j.jalz.2018.07.219


 

34 
 

Sterpenich, V., Ceravolo, L., & Schwartz, S. (2017). Sleep deprivation disrupts the 
contribution of the hippocampus to the formation of novel lexical associations. Brain and 
language, 167, 61-71. 
 
Stickgold, R., & Walker, M. P. (2007). Sleep-dependent memory consolidation and 
reconsolidation. Sleep Medicine, 8(4), 331–343. 
 
Stoffers, D., Altena, E., van der Werf, Y. D., Sanz-Arigita, E. J., Voorn, T. A., Astill, R. G., 
Strijers, R. L. M., Waterman, D., & Van Someren, E. J. W. (2014). The caudate: a key 
node in the neuronal network imbalance of insomnia? Brain, 137(2), 610–620. 
 
Studte, S., Bridger, E., & Mecklinger, A. (2017). Sleep spindles during a nap correlate 
with post sleep memory performance for highly rewarded word-pairs. Brain and 
language, 167, 28-35. 
 
Sulpizio, S., Del Maschio, N., Fedeli, D., & Abutalebi, J. (2020). Bilingual language 
processing: A meta-analysis of functional neuroimaging studies. Neuroscience & 
Biobehavioral Reviews, 108, 834–853. 
 
Tai, X. Y., Chen, C., Manohar, S., & Husain, M. (2022). Impact of sleep duration on 
executive function and brain structure. Communications Biology, 5(1), 201. 
https://doi.org/10.1038/s42003-022-03123-3 
 
Tan, A. P., Ngoh, Z. M., Yeo, S. S. P., Koh, D. X. P., Gluckman, P., Chong, Y. S., ... & 
Meaney, M. (2021). Left lateralization of neonatal caudate microstructure affects 
emerging language development at 24 months. European Journal of Neuroscience, 54(2), 
4621-4637. 
 
Tao, L., Wang, G., Zhu, M., & Cai, Q. (2021). Bilingualism and domain-general cognitive 
functions from a neural perspective: A systematic review. Neuroscience & Biobehavioral 
Reviews, 125, 264–295. 
 
Taylor, C., Hall, S., Manivannan, S., Mundil, N., & Border, S. (2022). The 
neuroanatomical consequences and pathological implications of bilingualism. Journal of 
Anatomy, 240(2), 410–427. https://doi.org/https://doi.org/10.1111/joa.13542 
 
Tononi, G., & Cirelli, C. (2006). Sleep function and synaptic homeostasis. Sleep medicine 
reviews, 10(1), 49-62. 
 
Tononi, G., & Cirelli, C. (2014). Sleep and the price of plasticity: from synaptic and 

https://doi.org/https:/doi.org/10.1111/joa.13542


 

35 
 

cellular homeostasis to memory consolidation and integration. Neuron, 81(1), 12–34. 
 
Trujillo, L. T., Kornguth, S., & Schnyer, D. M. (2009). An ERP examination of the 
different effects of sleep deprivation on exogenously cued and endogenously cued 
attention. Sleep, 32(10), 1285–1297. 
 
Tucker, A. M., & Stern, Y. (2011). Cognitive reserve in aging. Current Alzheimer Research, 
8(4), 354–360. https://doi.org/10.2174/156720511795745320 
 
Valian, V. (2015). Bilingualism and cognition. Bilingualism: Language and Cognition, 18(1), 
3–24. https://doi.org/DOI: 10.1017/S1366728914000522 
van den Berg, N. H., Pozzobon, A., Fang, Z., Al-Kuwatli, J., Toor, B., Ray, L. B., & Fogel, 
S. M. (2022). Sleep Enhances Consolidation of Memory Traces for Complex Problem-
Solving Skills. Cerebral Cortex, 32(4), 653–667. https://doi.org/10.1093/cercor/bhab216 
 
Van Someren, E. J. W. (2021). Brain mechanisms of insomnia: new perspectives on 
causes and consequences. Physiological Reviews, 101(3), 995–1046. 
 
Voits, T., Pliatsikas, C., Robson, H., & Rothman, J. (2020). Beyond Alzheimer’s disease: 
Can bilingualism be a more generalized protective factor in neurodegeneration? 
Neuropsychologia, 147(April), 107593. 
https://doi.org/10.1016/j.neuropsychologia.2020.107593 
 
Voits, T., Robson, H., Rothman, J., & Pliatsikas, C. (2022). The effects of bilingualism on 
hippocampal volume in ageing bilinguals. Brain Structure and Function, 227(3), 979–994. 
https://doi.org/10.1007/s00429-021-02436-z 
 
Voits, T., Rothman, J., Calabria, M., Robson, H., Aguirre, N., Cattaneo, G., Costumero, 
V., Hernández, M., Puig, M. J., & Marín-Marín, L. (2023). Hippocampal adaptations in 
Mild Cognitive Impairment patients are modulated by bilingual language experiences. 
Bilingualism: Language and Cognition, 1–11. 
 
Voits, T., DeLuca, V., Hao, J., Elin, K., Abutalebi, J., Duñabeitia, J. A., ... & Rothman, J. 
(2024). Degree of multilingual engagement modulates resting state oscillatory activity 
across the lifespan. Neurobiology of Aging, 140, 70-80. 
 
Voss, U., Holzmann, R., Tuin, I., & Hobson, A. J. (2009). Lucid dreaming: a state of 
consciousness with features of both waking and non-lucid dreaming. Sleep, 32(9), 1191-
1200. 



 

36 
 

 
Walker, M. P. (2009). The role of sleep in cognition and emotion. Annals of the New York 
Academy of Sciences, 1156(1), 168–197. 
 
Walker, M. P., & Stickgold, R. (2004). Sleep-dependent learning and memory 
consolidation. Neuron, 44(1), 121–133. 
 
Weiss, S., & Mueller, H. M. (2012). “Too many betas do not spoil the broth”: the role of 
beta brain oscillations in language processing. Frontiers in psychology, 3, 201. 
 
West, R., Wong, R. T. C., Park, J. E., Lee, S. W., Mudiyanselage, D. E., Liu, Z., ... & 
Stockman, L. (2024). Sleep duration, chronotype, health and lifestyle factors affect 
cognition: a UK Biobank cross-sectional study. BMJ Public Health, 2(1). 
 
Wodniecka, Z., Craik, F. I. M., Luo, L., & Bialystok, E. (2010). Does bilingualism help 
memory? Competing effects of verbal ability and executive control. International Journal 
of Bilingual Education and Bilingualism, 13(5), 575–595. 
https://doi.org/10.1080/13670050.2010.488287 
 
Yeung, A. W. K. (2019). Morphometric and functional connectivity changes in the brain 
of patients with obstructive sleep apnea: A meta‐analysis. Journal of Sleep Research, 28(6), 
e12857. 
 
Yee, J. E., Yap, N. T., Korenar, M., Saddy, J. D., & Pliatsikas, C. (2024). Subcortical 
restructuring as a function of multilingualism: Insights from monolinguals, bilinguals, 
trilinguals and quadrilinguals. Bilingualism: Language and Cognition, 27(4), 715-728. 
 
Yoo, S.-S., Hu, P. T., Gujar, N., Jolesz, F. A., & Walker, M. P. (2007). A deficit in the 
ability to form new human memories without sleep. Nature Neuroscience, 10(3), 385–392. 
 
Yu, L., Russ, A. N., Algamal, M., Abedin, M. J., Zhao, Q., Miller, M. R., ... & Kastanenka, 
K. V. (2024). Slow wave activity disruptions and memory impairments in a mouse 
model of aging. Neurobiology of Aging, 140, 12-21. 
 
Zavecz, Z., Shah, V. D., Murillo, O. G., Vallat, R., Mander, B. A., Winer, J. R., Jagust, W. 
J., & Walker, M. P. (2023). NREM sleep as a novel protective cognitive reserve factor in 
the face of Alzheimer’s disease pathology. BMC Medicine, 21(1), 156. 
 
Zhang, J., & Wamsley, E. J. (2019). EEG predictors of dreaming outside of REM 
sleep. Psychophysiology, 56(7), e13368.Zhang & Wamsley, 2019 



 

37 
 

 
Zielinski, M. R., McKenna, J. T., & McCarley, R. W. (2016). Functions and mechanisms 
of sleep. AIMS Neuroscience, 3(1), 67. 
 
Zijlmans, J. L., Riemens, M. S., Vernooij, M. W., Ikram, M. A., & Luik, A. I. (2023). Sleep, 
24-hour activity rhythms, and cognitive reserve: a population-based study. Journal of 
Alzheimer’s Disease, 91(2), 663–672. 
 
Zimmerman, M. E., Bigal, M. E., Katz, M. J., Brickman, A. M., & Lipton, R. B. (2012). 
Sleep onset/maintenance difficulties and cognitive function in nondemented older 
adults: the role of cognitive reserve. Journal of the International Neuropsychological Society, 
18(3), 461–470. 
 
Zou L, Guosheng D, Abutalebi J, Shu H, and Peng D. Structural plasticity of left caudate 
in bimodal bilinguals. Cortex, 48(9): 1197-1206, 2012. 
 


