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Abstract

Autobiographical memory, or memory for personal experiences, allows individuals to define 

themselves and construct a meaningful life story. Decline of this ability, as observed in 

Alzheimer’s disease (AD), results in an impaired sense of self and identity. In our model (AMAD: 

Autobiographical Memory in Alzheimer’s Disease), we present a critical review of theories and 

findings regarding cognitive and neuroanatomical underpinnings of autobiographical memory and 

its decline in AD and highlight studies on its clinical rehabilitation. We propose that 

autobiographical recall in AD is mainly characterized by loss of associated episodic information, 

which leads to de-contextualization of autobiographical memories and a shift from reliving past 

events to a general sense of familiarity. This decline refers to retrograde, but also anterograde 

amnesia that affects newly acquired memories besides remote ones. One consequence of 

autobiographical memory decline in AD is decreased access to memories that shape self-

consciousness, self-knowledge, and self-images, leading to a diminished sense of self and identity. 

The link between autobiographical decline and compromised sense of self in AD can also manifest 

itself as low correspondence and coherence between past memories and current goals and beliefs. 

By linking cognitive, neuroanatomical, and clinical aspects of autobiographical decline in AD, our 

review provides a theoretical foundation, which may lead to better rehabilitation strategies.
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1. Introduction

Autobiographical memory refers to memory for personal experiences and facts about the 

self. This ability allows individuals to define themselves, construct a life story, and attribute 

meaning to it. On the cognitive level, memory decline is a hallmark of Alzheimer’s Disease 

(AD) and this decline involves multiple memory systems, including those involved in 
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autobiographical memory. Decline of autobiographical memory in AD leads to loss of 

knowledge about events and facts that defined the patients’ life, and consequently, 

degradation of their self-knowledge and sense of identity. Bearing in mind these clinical 

implications, our review aims at describing the current theoretical understanding about 

autobiographical memory decline in AD, with particular focus on clinical applicability and 

venues for future research. First, we provide an overview of sense of self and theoretical 

perspectives on the organization and construction of autobiographical memories. We then 

describe consequences of autobiographical decline in AD, such as over-generality of 

autobiographical recall, and discuss the impact of anterograde and retrograde amnesia, and 

impairment in the sense of identity. Next, we highlight recent findings on the cognitive and 

neuroanatomical underpinnings of the disorder, as well as studies on its clinical 

rehabilitation. Finally, we provide a theoretical framework for conceptualizing the empirical 

findings about autobiographical memory in AD.

This review was based on a literature survey that was performed by combining the keywords 

“Alzheimer’s disease”; “autobiographical memory”; “identity”; and “self”. The search was 

performed on the PubMed and PsycInfo databases from the first available year until 2015; 

and was limited to studies published in peer-reviewed journals. Additional exploration of the 

reference lists of these papers was carried out to identify additional papers.”

2. Sense of identity, sense of self

Since the present review emphasizes identity compromise in AD, it would be of interest to 

highlight some theoretical assumptions about identity and sense of self. Although several 

attempts have been made to categorize the different aspects of sense of self (e.g., Klein and 

Gangi, 2010; Neisser, 1988; Singer, 1995), we mainly follow the framework of framework 

by Prebble et al. (2013), according to which, sense of self is the mental processes that 

provide us with feelings of singularity, individuality, coherence, and unity that define our 

uniqueness (for a similar view, see Damasio, 2003). More precisely, the framework of 

Prebble et al. (2013) delineates sense of self along two dimensions: the subjective versus 

objective sense of self and the present versus temporally extended aspects of that sense. The 

first distinction refers to the difference between our phenomenological experience of identity 

(i.e., subjective sense of self) and our mental representation of identity, comprising all the 

things that we perceive and know about ourselves (i.e., objective sense of self). This division 

was posited by James (1892), who distinguished between the experience of knowing (the I-

self) and the object of this awareness (the me-self); an assumption that still influences 

contemporary literature (Klein and Gangi, 2010). As for the second dimension of the 

framework of Prebble et al. (2013), these authors distinguish between sense of self that is 

related to the present moment (i.e., present self) and that that is extended over time (i.e., 

temporally extended self). This assumption fits with the idea that identity involves a 

temporally extended aspect, involving past, present, and future (Addis et al., 2009; Klein et 

al., 2002; Neisser, 1988; Schacter and Addis, 2007a,b; Schacter et al., 2007). The extension 

of identity over time is directly related to autobiographical memory, since the latter is 

fundamental to the formation and maintenance of identity in the present moment and to the 

continuity of the mental representation of identity over time (Conway, 2005). Hence, one 
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consequence of autobiographical decline, as observed in AD, would be compromise in both 

the subjective experience of identity and its continuity over time.

3. Autobiographical memory: memory of the self

According to the autobiographical model of Conway (Conway, 2005; Conway and Pleydell-

Pearce, 2000), autobiographical memories contain knowledge with different levels of 

specificity ranging from general knowledge about one’s past to highly contextual-specific 

knowledge [for the same view, see Kopelman, 1994]. More specifically, autobiographical 

memory is composed of two main components, a semantic component and an episodic one. 

The semantic component refers to generic representations rather than to particular events 

linked to particular times and places. These generic representations cover long lifetime 

periods (e.g., “when I was young”) and general events referring to thematic events that occur 

repeatedly (e.g., “I used to hike every weekend”). The episodic autobiographical component 

refers to memories for specific personal experiences that occurred at a particular time and 

place (e.g., “that day on that mountain when I lost my compass”). This distinction is 

essential in describing the re-experiencing aspect of autobiographical memory. Semantic 

autobiographical knowledge triggers a state of noetic consciousness by which awareness of 

the past is limited to feelings of knowing or familiarity, whereas episodic events trigger a 

state of autonoetic consciousness by which the subjective experience of past is relived 

thanks to mental time travel.

Besides the phenomenon of re-experiencing that characterizes autobiographical recall, 

another characteristic of autobiographical memory is its uneven temporal distribution. This 

distribution refers to three distinct features: childhood amnesia, reminiscence bump, and 

recency effect (Conway and Pleydell-Pearce, 2000; Janssen et al., 2012; Rubin and Wenzel, 

1996). Childhood amnesia refers to a near complete extinction of memories from the earliest 

years of life, the reminiscence bump refers to a substantial rise of memories for events that 

occurred between the ages of 10 and 30 years, and the recency effect refers to preferential 

recall for recent (Conway and Pleydell-Pearce, 2000; Janssen et al., 2012; Rubin and 

Wenzel, 1996). Among these three features, the reminiscence bump is the most studied, as it 

covers the most important events of people’s lives (e.g., first day at high school, first 

meeting with a partner, or first driving lesson). Indeed, it has been argued that the 

reminiscence bump is the result of many first-time experiences and that these novel events 

are used later in life as milestones when people experience similar events (Pillemer, 2001). 

The reminiscence bump is the most self-defining memory component, as it covers self-

defining memories and events that are vivid and emotion-laden with a large impact on the 

sense of identity (Conway et al., 2004). As we will emphasize later, the reminiscence bump 

can be utilized in rehabilitation efforts aiming to reinforce personal identity in AD.

Successful strategies for clinical rehabilitation of autobiographical memory require 

understanding of the two main principles that shape memory construction: coherence and 

correspondence (Conway, 2005). Coherence is a process that operates during the recall of 

autobiographical memories to make them consistent with our current beliefs and self-

images, i.e., those mental models of the identity in relation to past, current, and future goals 

(Conway, 2005). In other words, memories are reconfigured during retrieval to support our 

El Haj et al. Page 3

Ageing Res Rev. Author manuscript; available in PMC 2017 June 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



beliefs for the world and ourselves. The principle of coherence may also be expressed in 

probabilistic terms: current beliefs may determine the prior probability that certain events 

could have happened and, from that, their likelihood of being remembered. The principle of 

correspondence dictates that autobiographical memories should correspond to the original 

experienced event. Hence, autobiographical retrieval depends on two forces, one aiming to 

represent the past as it was experienced (i.e., correspondence), and the other aiming to 

reconstruct it in such way as to support our current beliefs and goals (i.e., coherence) 

(Conway, 2005). In this theoretical framework, both principles are supervised by an 

executive center that was termed the “working-self” (Conway and Pleydell-Pearce, 2000). 

As we will later discuss, the severe impairment of executive function in AD may explain the 

weak coherence and correspondence in autobiographical memories and the impaired sense 

of self in the disease.

Autobiographical memory is essentially memory of the self and provides the foundation for 

self-consciousness, self-knowledge, and self-images. Hence, one deleterious consequence of 

the autobiographical memory decline in AD is the weakened sense of the self and identity. 

This issue will be next highlighted by illustrating how overgenerality of autobiographical 

recall and anterograde and retrograde amnesia contribute to a diminished sense of identity in 

AD.

4. Autobiographical memory decline in AD

4.1. Overgenerality of autobiographical memory in AD

With the passage of time and the repetition of similar events, there is a shift from specific to 

general memories. In addition, when people reminisce about their past, they often engage in 

episodic counterfactual thinking, or mental simulations of alternative ways in which 

autobiographic events could have occurred (De Brigard et al., 2013). In line with this 

assumption, studies in normal aging have showed lower production of episodic 

autobiographical memories (e.g., recall of locations, time, perceptions, and thoughts) than 

semantic autobiographical memories (e.g., general knowledge about one’s self) in healthy 

older adults (Levine et al., 2002; Piolino et al., 2010, 2006). This overgenerality is 

exaggerated in AD, since several studies have observed a substantial shift from episodic to 

semantic autobiographical recall in AD patients (Barnabe et al., 2012; El Haj et al., 2015a,b, 

2011; Graham and Hodges, 1997; Greene et al., 1995; Hou et al., 2005; Irish et al., 2011; 

Ivanoiu et al., 2006; Leyhe et al., 2009; Meeter et al., 2006; Moses et al., 2004; Muller et al., 

2013; Seidl et al., 2011). This shift was observed in these studies despite explicit instructions 

to AD participants to provide detailed descriptions of personal events that occurred at 

specific times and places, according to the norms for autobiographical memory assessment 

[see the Autobiographical Memory Test (Williams and Scott, 1988), the Autobiographical 

Memory Interview, the Autobiographical Interview, the Test Episodique de Mémoire du 

Passé autobiographique (Piolino et al., 2003)]. The autobiographical overgenerality in AD 

fits with research showing overdependence on gist when making memory decisions (Gallo et 

al., 2006). An interesting account for overgenerality in AD can be found in a model by 

Morris and Mograbi (2013), according to which semanticized self-judgments in the disease 

provide more rapid access compared to judgments made on the basis of episodic memory. 
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Interestingly, this model assumes that semantic self-judgments in AD reflect lack of 

updating of personal knowledge, leading to an outdated sense of the self and inaccurate 

evaluation about current abilities leading to ignorance of the disease (i.e., anosognosia).

The overgenerality of autobiographical recall in AD may trigger a shift from autonoetic to 

noetic consciousness. This phenomenon was observed in a study by Piolino et al. (2003) 

who used the “Remember/Know” paradigm, according to which AD participants had to 

provide a “Remember” response, if they were able to recover a specific event with its 

encoding context, and a “Know” response, if they just knew this event had happened to 

them, but could not recall any contextual detail. Hence, “Remember” responses referred to 

autonoetic consciousness whereas “Know” responses referred to noetic consciousness. The 

study showed that patients with AD showed poor ability to retrieve specific autobiographical 

events, a distortion that was associated with a weakened ability to mentally relive those 

events (i.e., a decline in autonoetic consciousness). Disruption of autonoetic consciousness 

was also observed in subsequent replications that showed fewer “Remember” and more 

“Know” responses in AD participants than in healthy older adults (El Haj et al., 2014; 

Hudon et al., 2009; Rauchs et al., 2007). With the passage of time, the repetition of similar 

events, and the advancement of the disease, a substantial loss of episodic autobiographical 

details is observed in AD. This loss leads to the de-contextualisation or semantization of 

autobiographical memories and a shift from the ability to mentally relive past events to a 

general sense of familiarity that may be expressed by AD patients as a sense of “having 

experienced this before”.

4.2. Anterograde and retrograde amnesia

One of the earliest characteristics of autobiographical decline in AD is anterograde amnesia 

(i.e., inability to form new memories) followed by retrograde amnesia (i.e., inability to 

retrieve old memories). A body of empirical research has shown better retrieval for older 

memories than for recent memories in mild AD (Greene et al., 1995; Hou et al., 2005; Irish 

et al., 2011; Ivanoiu et al., 2006; Leyhe et al., 2009; Meeter et al., 2006). However, this 

pattern has been observed only when semantic and episodes autobiographical memories 

were grouped together to form one global autobiographical score. When considered alone, 

episodic memories tend to be impaired, whatever the time interval may be, whereas old 

semantic memories tend to be better preserved than recent ones (Irish et al., 2011; Ivanoiu et 

al., 2006; Piolino et al., 2003). It can be argued that representations of personally relevant 

knowledge that became part of semantic memories earlier in life become more strongly 

integrated in the brain and better consolidated and are, therefore, less easily degraded by 

AD. In a related vein, the Multiple Trace Theory (Nadel and Moscovitch, 1997; Nadel et al., 

2007) proposes that, unlike episodic memory, personal semantic memory becomes 

independent of the medial temporal lobe over time. By this view, semantic memories are 

transferred over time to the neocortex [especially, the left anterior temporal lobe Budson and 

Price, 2005] and the mediotemporal structures are no longer necessary for their retrieval, 

whereas retrieval of episodic memories is always dependent on the interaction between 

hippocampus and neocortex. This model is of interest since the medial temporal lobes, and 

especially the hippocampus, are preferentially targeted by the neuropathological processes 

of AD [e.g., Pennanen et al., 2004]. Hence, the model predicts that semantic 
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autobiographical memories are likely to be less affected by the pathological mechanisms of 

AD compared to episodic autobiographical memories, and consequently, less vulnerable to 

loss. However, the relative preservation of old semantic autobiographical memories holds 

only for mild AD, whereas with progression of the disease (perhaps, in association with the 

spread of AD pathology to the lateral temporal association cortices (Kim et al., 2011)) these 

memories also become prone to substantial loss.

Regardless of its neuroanatomical basis, the temporal gradient of autobiographical memory 

in AD can be attributed to differences in the methods used in assessing autobiographical 

recall. This issue was investigated by Barnabe et al. (2012) who assessed the 

Autobiographical Memory Interview (Kopelman, 1994) and the Autobiographical Interview 

(Levine et al., 2002). On the first task, AD participants were significantly impaired on both 

episodic and semantic autobiographical memory, with episodic memories showing a 

significant though modest temporal gradient sparing childhood memories. On the second 

task, the participants showed impaired recall of episodic but not of semantic memories, 

again with a modest temporal gradient. Differences between the two tasks (fewer epochs in 

the Autobiographical Memory Interview; fewer memories per epoch in the Autobiographical 

Interview) were found to have a significant impact on the pattern of findings; fewer epochs 

(in the first task) brought out the temporal gradient, whereas fewer memories per epoch (in 

the second task) diminished it. These findings show the importance of technical details when 

assessing autobiographical memory in AD.

4.3. Identity impairment

Due to anterograde amnesia, retrograde amnesia, and semantization of autobiographical 

memories, AD patients may have limited access to memories that shape their self-

consciousness, self-knowledge, and self-image, resulting in a compromised sense of identity. 

This issue was assessed by a study (Addis and Tippett, 2004) in which mild AD patients 

were assessed with the Autobiographical Memory Interview and tests tapping into the 

cognitive structures underlying the sense of identity. In these tests, participants had to 

provide responses to the question “Who am I?” and were also assessed with a scale 

consisting of personal-self statements (e.g., I’m a cheerful person), family-self statements 

(e.g., “I am a member of a happy family”), social-self statements (e.g., “I’m a friendly 

person”), moral-self statements (e.g., “I am a decent person”), and physical-self statements 

(e.g., “I have a healthy body”). In these studies, poor autobiographical memory was 

significantly correlated with a weakened sense of identity.

Since older memories show better retrieval than recent ones, at least at the mild stage of AD, 

the reminiscence bump may provide AD patients with a significant portion of events that 

have defined their life-stories. Several studies have investigating the effect of AD on self-

defining memories. In this area of research, a study reported that most autobiographical 

memories retrieved by AD participants originated from their reminisce bump (Fromholt et 

al., 2003). Another study assessed the impact of AD on self-defining memories by asking 

mild AD patients and healthy older adults to retrieve memories about lasting concerns or 

unresolved conflicts, that is, memories that could help them explain who they are (e.g., 

“memories from the day when I realized what mountain hiking meant to me”) (Martinelli et 
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al., 2013). The latter study showed less specific self-defining memories in AD patients than 

in control participants. Hence, self-defining memories, or memories that are highly relevant 

for self-images, seem to be diminished even in mild stages of AD, which may explain the 

compromised sense of identity that occurs in the disease.

Unlike mild AD, research suggests identity compromise in the advanced stages of the 

disease. Studies have demonstrated that patients with advanced AD are less likely to 

recognize themselves in the mirror compared to patients with mild AD (Biringer and 

Anderson, 1992; Biringer et al., 1988; Grewal, 1994). However, a study has found that 

participants with mild or moderate AD were able to correctly identify the photograph of 

themselves when faced with a selection of five photographs; probably because the distractor 

photographs featured complete strangers, rather than acquaintances or fellow residents, 

which might have made the task of self-recognition easier for the participants (Fazio and 

Mitchell, 2009). Caddell and Clare (2010) suggested that AD patients often do show 

difficulties with self-recognition, especially in advanced disease. Another aspect of identity 

compromise is the difficulty that AD patients face in updating their self-knowledge 

[(Eustache et al., 2013; Klein et al., 2003), for a similar view, see Morris and Mograbi, 

2013]. This issue was addressed by Klein et al. (2003) who investigated the discrepancy 

between a patient’s ratings of current personality and the relative’s ratings of that person’s 

personality now and before the onset of dementia. Results showed that the patient’s ratings 

were accurate, but reflected her personality before the onset of disease. Hence, self-

knowledge in AD may be intact, thanks to semantic knowledge (Klein and Lax, 2010), but 

outdated. In another study, Ruby et al. (2009) asked mild AD patients and relatives to rate 

themselves and each other on a list of 40 adjectives and found decreased self-judgment 

accuracy in AD. Interviews and conversations were also used in studies examining identity 

in AD. For instance, participants were asked to share their memories with the researcher 

(Usita et al., 1998), or were interviewed with reference to various components of their 

narrative or life story (Surr, 2006). This approach aimed to determine how well patients were 

able to share their memories, and whether they possessed a narrative identity and a sense of 

self. Studies in this field have shown that most patients in the moderate or severe stages of 

AD are able, at least to some degree, to construct a narrative, and that this construction 

enables them to preserve aspects of their self and identity (Surr, 2006; Usita et al., 1998). 

Interestingly, identity construction was found to be based on autobiographical memories, 

providing further support to the relationship between autobiographical memory and self in 

AD.

Together, and as illustrated in Fig. 1, the link between the compromised-self and 

autobiographical decline in AD may be attributed to poor correspondence and coherence 

between autobiographical memory and self-related goals and beliefs. This diminished 

correspondence and coherence is mainly mediated by disruption of the working-self that can 

be attributed to executive and frontal lobe dysfunction, as we will argue below.
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5. Cognitive and neuroanatomical underpinnings of autobiographical 

decline in AD

5.1. Executive dysfunction

Executive function refers to high-order control processes that are involved in regulation of 

thought and action (Friedman et al., 2006). Decline in executive function has been widely 

associated with impaired autobiographical memory in AD (Dall’Ora et al., 1989; Della Sala 

et al., 1993; Ivanoiu et al., 2006; Meeter et al., 2006). According to the executive account, 

autobiographical impairment in AD is the consequence of dysfunction affecting 

organization, elaboration, and memory search strategies rather than loss of stored memory 

representations. This view has been supported by empirical findings showing significant 

correlations between autobiographical performance in AD and tests of executive function, 

such as dual performance tasks (i.e., attentional tasks) and letter fluency (Della Sala et al., 

1993). In a related vein, executive dysfunction has been found to be related with 

autobiographical overgenerality in AD (Moses et al., 2004). As executive function weakens, 

search for specific memories may stop at intermediate stages of more generic 

representations, which may result in semantic retrieval. Another implication of executive 

dysfunction is the decline of the hypothesized working-self, the executive center that shapes 

the correspondence and coherence of autobiographical memories (Conway and Pleydell-

Pearce, 2000). As illustrated in Fig. 1, executive dysfunction may result in distortion of the 

working-self, and consequently, in low correspondence/coherence between autobiographical 

recall and current goals and beliefs. This may be reflected in incidents such as with a patient 

with AD that fails to explain why she/he is in the hospital claiming that she/he has come for 

a visit.

Executive function encompasses several processes, such as updating and shifting. These 

higher order executive functions are based on more fundamental frontal lobe functions, such 

as attention. Attention, is required for conscious recollection of autobiographic episodic 

memories (Dhanjal and Wise, 2014) and is diminished in AD (Kim et al., 2011). Therefore, 

attentional deficits in AD may contribute to autobiographical memory dysfunction. 

Cognitive control is a higher order function than attention that depends on the interplay of a 

cingulo-opercular salience network and a frontoparietal executive network. Both of these 

networks show dysfunction in AD, the level of which correlates with the level of memory 

impairment (Mormino et al., 2011). Another executive process that may be highlighted is 

inhibition since inhibitory deficits are an important feature of cognitive decline in AD 

(Amieva et al., 2004). Generally speaking, studies have associated the compromised 

inhibitory control in AD with performance on memory tasks (Collette et al., 2009; El Haj et 

al., 2015c), and, more specifically, a study has found that participants with AD have 

difficulties in inhibiting irrelevant autobiographical information (El Haj et al., 2011). The 

latter finding was produced with a directed forgetting task during which participants with 

AD were, first, instructed to dismiss certain autobiographical memories, but subsequently 

they were instructed to retrieve those memories. Taken together, there is evidence that 

executive dysfunction may hamper autobiographical memory retrieval in AD.
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5.2. Neuroanatomical substrates of autobiographical decline in AD

As illustrated in this review, autobiographical recall involves many cognitive components 

and processes that contribute to the subjective experience of reliving. Not surprisingly, 

neuroimaging studies have shown that autobiographical recall involves a distributed network 

of brain regions that support a wide range of cognitive processes, such as memory storage, 

memory consolidation, memory search, autobiographical episodic counterfactual thinking, 

self-reference, and goal-related processes (Cabeza and St Jacques, 2007; Rubin, 2005; St 

Jacques et al., 2011; Svoboda et al., 2006). Neuroimaging studies have consistently 

implicated the default mode network (DMN) in autobiographical memory (Damoiseaux et 

al., 2012). The DMN is variably defined, but, in most accounts, it includes nodes at the 

medial and lateral prefrontal cortex (sometimes referred to as anterior DMN), the postero-

medial parietal lobe (precuneus and retrosplenial cortices) and angular gyrus (sometimes 

referred to as posterior DMN and considered as the part of DMN specifically involved in 

episodic memory retrieval (Damoiseaux et al., 2012)), as well as medial temporal lobes 

(Cabeza and St Jacques, 2007; Spreng et al., 2010). With progressive beta-amyloid 

deposition and neurodegeneration in AD, functional connectivity within the DMN decreases, 

starting with the episodic memory-associated posterior DMN (Braak and Braak, 1991; 

Budson and Price, 2005; Damoiseaux et al., 2012). Generally speaking, the dorsomedial 

frontal and parietal DMN nodes are linked to autonoetic experience and mental time travel 

(Wheeler et al., 1997) and, more broadly, to self-referential processes [for a review, see 

Buckner et al., 2008]. In comparison, the ventral DMN nodes are linked to recovery of 

contextual information (Cabeza and St Jacques, 2007), whereas the lateral prefrontal cortex 

is linked to attention and executive processes (Seeley et al., 2007). Another functional 

dissociation within the DMN relevant to its autobiographical memory function may be 

attributable to emotional content, since dorsomedial regions (medial prefrontal cortex, 

posterior cingulate cortex) become more active during emotional autobiographical retrieval 

compared to ventral DMN regions that become more active during rest (Kim, 2010).

Autobiographical recall may be impaired to a degree in normal aging as it depends on an 

interaction between retrieval of contextual details mediated by the hippocampus and 

cognitive control processes. These processes, and their neuroanatomical substrates, are 

known to be sensitive to aging (St Jacques et al., 2012). For instance, hippocampal activity 

related to episodic recollection is attenuated by aging (Cabeza et al., 2004). Reduced frontal 

activation during controlled memory retrieval that lacks environmental support is also 

observed in aging (Paxton et al., 2008). In a related vein, a study has found an age-related 

decrease in contextual richness of autobiographical memory, a decline that was attributed to 

impaired strategic retrieval processes and poor recruitment of the hippocampus and 

ventrolateral prefrontal cortex (St Jacques et al., 2012). Taken together, these findings 

suggest that aging may impair to a degree the retrieval of episodic autobiographical details 

due to neuroanatomical changes in the hippocampus and ventrolateral prefrontal cortex.

Regarding AD, decreased episodic autobiographical performance has been associated with 

anterior lateral temporal cortex and medial temporal lobes atrophy (Gilboa et al., 2005); this 

is not surprising, since the medial temporal lobes, and especially the hippocampus, are 

preferentially targeted by the neuropathological processes underlying AD (Pennanen et al., 
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2004). Interestingly, a study has found associations between hippocampal volume and 

episodic autobiographical memory in AD for both recent and remote memories (Philippi et 

al., 2012). In contrast, a functional MRI study has demonstrated that retrieval of recent 

memories in AD participants was more associated with right prefrontal activation whereas 

retrieval of remote memories was more associated with left prefrontal activation, regardless 

of hippocampal activation (Eustache et al., 2004). This finding fits well with the hypothesis 

that the right prefrontal cortex is more involved in episodic memory whereas the left 

prefrontal cortex is more involved in semantic memory (Tulving et al., 1994). In this respect, 

the overgenerality of autobiographical memories in AD may be attributed to over-activation 

of the left prefrontal cortex during episodic retrieval. This hypothesis is further supported by 

an fMRI study that found that, relatively to episodic autobiographical retrieval, semantic 

retrieval in AD is associated with activation in the left prefrontal cortex (Meulenbroek et al., 

2010). A recent lesion study directly addressing the dichotomy of semantic versus episodic 

autobiographical memory found that semantic deficits were associated with left mPFC and 

MTL damage, whereas episodic deficits were associated with right mPFC and MTL damage 

(De Brigard et al., 2015). In sum, the AD-related autobiographical decline can be linked to 

functional and structural impairment within the DMN and the hippocampus, but the 

exaggerated shift from episodic to semantic content may be due to compensatory 

overactivation of the left prefrontal cortex.

As for neuroanatomical support for the relationship between self and memory in AD, Genon 

et al. (2014) asked AD participants to indicate whether certain traits described them or not. 

Findings showed activation in the medial prefrontal cortex during encoding of self-relevance 

information. In addition, better memory for self-related information was associated with 

higher gray matter density in the lateral prefrontal cortex. According to the authors (Genon 

et al., 2014), the lateral prefrontal cortex supports high-order processes linking self and 

memory.

After we highlighted the cognitive and neuroanatomical underpinnings of autobiographical 

decline in AD, we will turn our attention to studies on clinical rehabilitation of 

autobiographical recall in the disease.

6. Clinical rehabilitation of autobiographical recall in AD

The aim of clinical rehabilitation of autobiographical memory in AD is to restore, as far as 

possible, inaccessible memories or to, at least, maintain the available pool of 

autobiographical memories of AD patients. Three main therapeutic strategies can be 

highlighted: reminisce therapy, auditory stimulation, and use of technological tools. We 

should note that various other therapeutic strategies are also being used toward this aim, but 

they are not being included in our review due to lack of empirical studies supporting their 

validity.

6.1. Reminiscence therapy

Reminiscence therapy has been the most widely studied clinical rehabilitation strategy for 

autobiographical recall in AD. This therapy focuses on conscious recall of personal 

memories from one’s life in order to inform thinking, telling, or teaching about past 
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experiences. Reminiscence therapy was first proposed by Butler (Butler, 1963) who 

promoted it as a tool for enhancing wellbeing and reducing depression in older adults. Since 

then, the use of reminiscence has been widely applied in the cognitive rehabilitation of older 

adults, including those with AD, following two main directions: “life review” and “life 

review therapy”. Life review promotes evaluation and integration of positive and negative 

memories to help older adults understand how they have developed throughout their lives to 

become the person they are now; they are encouraged to evaluate what they have learned 

from their positive and negative past experiences. This clinical intervention is widely applied 

to older adults who are struggling to find meaning in their lives. In contrast with this “life 

review”, “life review therapy” addresses older adults with depression or anxiety since this 

therapy aims at reducing boredom and bitterness revival by focusing on life-stories that 

promote positive self-identities.

Life review therapy has been applied in patients with AD, mainly through the use of life 

books depicting important personal events (e.g., familial events, professional events) in 

different life periods (e.g., childhood, adolescence) [for comprehensive reviews, see Cotelli 

et al., 2012]. Although there is some evidence for beneficial effects of this therapy in AD, 

many studies show no effect, probably because studied participants were often at advanced 

stages of the disease [for the same view, see Bohlmeijer et al., 2007; Moos and Björn, 2006]. 

In some studies, life review therapy has also been applied without any structured 

methodology, and many studies have not included pre/post autobiographical evaluations to 

demonstrate any effects of the life review therapy [for the same view, see Moos and Björn, 

2006]. These shortcomings were taken into account by a clinical intervention assessing the 

impact of an autobiographical training program on both the episodic and semantic 

components of autobiographical performance across lifetime periods (Lalanne et al., 2015). 

This training program was applied to patients with early to moderate AD, and effects were 

compared with a control program that focused on collective memory (e.g., memory for 

celebrities). The autobiographical training program included six sessions. On the first two 

sessions, participants had to retrieve semantic autobiographical knowledge of five life 

periods: 0–17 years, 18–30 years, age 30, the last 5 years, and the last 12 months. This 

semantic knowledge referred to names of family members, friends, teachers, or coworkers; 

participants had also to describe information about their residences, schools, workplaces, 

leisure activities, and holidays. Besides these two sessions, four sessions were dedicated to 

retrieval of episodic autobiographical memories, during which, participants had to remember 

unique personal events that occurred at specific times and locations, triggering specific 

emotions, perception and thoughts. After the program of Lalanne et al. (2015) was applied, 

the authors found better autobiographical recall in AD participants who took part in this 

program compared to those who took part in the control program, an enhancement that was 

specifically pronounced for autobiographical semantic memory.

The semantic aspect of autobiographical recall in AD is worth considering in designing 

rehabilitation studies, since research has shown that personal semantic memory contributes 

to numerous cognitive processes that involve self-referential thinking, such as reflecting on 

one’s past life, imagining a personal future, and maintaining self-identity [for a review, see 

Grilli and Verfaellie, 2014]. Indeed, autobiographical semantic memory supports knowledge 

of one’s traits, roles, thoughts, and beliefs, which may support self-referential thinking that 
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is highly conceptual and independent of the medial temporal lobe (Grilli and Verfaellie, 

2014). Hence, autobiographical semantic memory, which is relatively preserved in mild to 

moderate AD, can be utilized to help improve self-identity and self-continuity, as well as in 

developing self-referential cognitive strategies.

6.2. Auditory stimulation

Due to the beneficial effect of music on the mood of patients with AD, a body of research 

has assessed the effects of music exposure on autobiographical recall in AD. In a pioneering 

study, Foster and Valentine (2001) asked patients with mild to moderate AD to complete an 

autobiographical assessment while listening to Vivaldi’s Four Seasons, unfamiliar music, 

cafeteria noise, or in silence. The participants’ autobiographical performance was 

significantly better in the sound conditions than in silence, and while listening to music than 

in the cafeteria noise. These findings were replicated by another study that found better 

autobiographical recall in AD patients during exposure to Vivaldi’s Four Seasons music than 

in silence, a pattern that was related to a significant reduction in anxiety (Irish et al., 2006). 

The effect of auditory stimulation on autobiographical recall in AD was also assessed in a 

study that found more positive emotional words being retrieved during music exposure than 

in silence (El Haj et al., 2013). This emotional account is worth consideration since AD 

patients tend to show better memory for emotional than for neutral information, a trend that 

was found to be associated with integrity of the right orbitofrontal and sub-callosal cortices 

(Kumfor et al., 2013). Another study on emotional effect of auditory stimulation in AD 

found that music-evoked autobiographical memories in AD patients triggered more 

emotional content, had a greater impact on mood, were retrieved faster and engaged less 

executive processes than memories evoked in silence (El Haj et al., 2012a); these features 

are characteristic of involuntary memories, or those autobiographical memories that appear 

in consciousness spontaneously (Berntsen et al., 2013). Another account of music-evoked 

autobiographical memories was given by a study demonstrating that these memories were 

characterized by fewer empty words, higher grammatical complexity and propositional 

density than memories evoked in silence (El Haj et al., 2013). Hence, the negative effects of 

AD on autobiographical memory may to some extent be alleviated by exposure to music. 

However, we should note that most of these studies assessed only a single autobiographical 

event (El Haj et al., 2013, 2012a,b) or only semantic autobiographical knowledge (Foster 

and Valentine, 2001). Also, participants in these studies were in mild to moderate stages of 

the disease, whereas those in advanced stages seem to not benefit from music exposure. 

Regardless of its autobiographical implications, it would be of interest to assess whether 

music stimulation may influence the trajectory of disease progression in mild to moderate 

AD.

6.3. Use of technological tools

Clinical rehabilitation of autobiographical memory can benefit from technological tools that 

deliver more contextually rich and reliable memory cues and promote better realization of 

existing autobiographical deficits. In this area of research, a study has used SenseCam to 

promote autobiographical memory in AD (De Leo et al., 2011). SenceCam is a small 

wearable device that includes a digital camera and multiple sensors that detect changes in 

motion, light levels, and ambient temperature. This device also incorporates a passive 
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infrared sensor to detect the presence of any person around the patient. SenceCam can 

record up to 3000 images per day, as well as data from all sensors. In the study by De Leo et 

al. (2011), SenseCam was used to record the daily lives of six patients with mild to moderate 

AD. Every two days for two weeks participants had to retrieve recent memories, and recall 

was followed by a structured review of the SenseCam images. A written diary control 

condition was also applied. Long-term recall of all events was tested one and three months 

later. During this post-intervention assessment, better autobiographical recall was observed 

for events reviewed on the SenseCam than on those reviewed on the dairy. In a similar vein, 

another study programmed a smartphone to take pictures of one patient’s life at five-minute 

intervals for 12 h each day for four weeks (Woodberry et al., 2014). The pictures were 

combined into a video slide show and were reviewed by the participant and caregiver. The 

participant was asked to retrieve memories before and after watching the slide show, with 

results showing better autobiographical recall after watching the slide show. Moreover, 

carrying the smart phone was not intrusive to the patient’s daily routines.

Taken together, there is a slim body of research showing beneficial effects of technological 

tools on autobiographical memory in mild to moderate AD. However, one impediment to the 

use of technological tools by patients with AD is their anosognosia, which prevents them 

from seeking external aids.

7. Summary and suggestions

Autobiographical memory decline in AD results in loss of knowledge about events that 

shaped patients’ lives, and consequently, degradation in their sense of identity. 

Autobiographical recall in AD is mainly characterized by a substantial loss of episodic 

information leading to a decontextualization of autobiographical memories and a shift from 

mentally reliving past events to a general sense of familiarity. This decline is exacerbated by 

anterograde and retrograde amnesia, leaving AD patients with a limited access to memories 

that shape self-consciousness, self-knowledge, and self-images. The ultimate outcome is a 

compromised sense of identity in the disease.

AD-related autobiographical impairment can be also the consequence of impaired attention 

and executive dysfunction affecting cognitive control, organization, elaboration, and 

memory search strategies. The decline of these working-self-mediated processes also results 

in poor correspondence and coherence between autobiographical memory and self-goals and 

beliefs. From neuroanatomical standpoint, the autobiographical decline in AD is attributed 

to structural and functional disruption of the default mode network and its medial temporal 

lobes and hippocampus connections.

AD-related autobiographical memory impairment can be alleviated, especially in the mild 

stages of the disease, thanks to therapeutic interventions such as reminisce therapy, auditory 

stimulation, and the use of technological tools. These clinical therapies can benefit from 

future research that can build on the below-mentioned venues.
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7.1. Future venues

AD-related autobiographical decline has been widely associated with a weakened ability to 

mentally reliving past events, and this decline has been demonstrated using the Remember/

Know paradigm (El Haj et al., 2014; Hudon et al., 2009; Rauchs et al., 2007). The study of 

autonoetic decline in AD requires specific rather than general assessment of subjective 

reliving. A prominent element of subjective reliving that should be studies in AD is visual 

imagery. According to Conway (Conway, 2005, 2009), autobiographical memories are 

predominantly reconstructed in the form of visual images. Visual imagery is also believed to 

trigger mental time travel (Tulving, 2002). Assessment of visual imagery in AD can be 

implemented through the “in-field/observer paradigm”. In this paradigm, participants are 

typically instructed to provide (1) an observer response if they see themselves in the 

remembered episode as a spectator or (2) a field response if they see the episode through 

their own eyes, as if they were reliving the episode from an actor perspective. Another 

component of subjective reliving worth considering is emotion. Although emotion is a key 

factor in autobiographical reconstruction (Conway, 2005), and may lead to the assembly of a 

specialized DMN sub-network during autobiographical memory recall (Bado et al., 2014), 

little is known about its role in AD-related autobiographical decline.

Besides targeting specific components of subjective reliving, clinical interventions targeting 

AD-related autobiographical decline, especially those employing reminiscence, should adopt 

a more rigorous methodology. Homogeneity of participants in terms of residual cognitive 

function and blinded pre-/post-intervention autobiographical evaluations should be 

performed. Also, long-term benefits of reminiscence should be assessed. Employment of 

rigorous study methodologies may explain controversial reports about reminiscence effects 

in AD. Another venue for future research is cuing autobiographical memory with non-

auditory sensory stimuli, especially odors. Because odors are present in most everyday life 

contexts, associations between olfactory information and episodic autobiographical 

memories are highly probable, and odors may serve as a potential cue for episodic 

autobiographical recall. Olfactory stimulation may activate autobiographical memory 

without any effortful retrieval. According to Conway and Pleydell-Pearce (2000), 

autobiographical memory can be recovered via either direct or generative (strategic) 

retrieval. In direct retrieval, the cue alone is sufficient for retrieval, whereas in the strategic 

retrieval the cue only provides the starting point for a memory search. Therefore, and unlike 

generative retrieval, direct retrieval is an automatic mechanism that bypasses strategic 

processes (linked to executive function and the frontal lobes) by directly mapping cues onto 

stored information. Following this distinction, studies using odor cues to trigger 

autobiographical memories in healthy participants attributed their effects to direct retrieval 

(Larsson and Willander, 2009). These studies also found that these memories were more 

emotional and associated with stronger reliving as compared to memories evoked by other 

sensory cues (Larsson and Willander, 2009). Although AD patients tend to show impaired 

sense of smell, especially on odor identification and recognition tasks, olfactory abilities 

relying on low-level perceptual processing may be relatively preserved in the disease 

(Rahayel et al., 2012), enabling the potential use of odors for evoking autobiographical 

memories in AD.
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Curiously for our age of technological advancement, few studies have investigated the 

benefits of electronic tools on autobiographical memory in AD, and there is a crucial need to 

fill this paucity.

7.2. Conclusion

Autobiographical memory is fundamental for the sense of identity and its impairment in AD 

results in an impaired sense of self and identity. Our review is an attempt to provide a 

comprehensive picture of the current status of empirical knowledge about autobiographical 

decline in AD encompassing cognitive, neuroanatomical, and clinical data. The deleterious 

consequences of autobiographical decline in AD are fairly well characterized, but there is 

much to learn about its potential rehabilitation. We hope that our review will motivate the 

study of different strategies for rehabilitation with the ultimate goal of maintaining the sense 

of self and identity of AD patients.
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Fig. 1. 
According to our model (AMAD: Autobiographical Memory in Alzheimer’s Disease), the 

autobiographical compromise in Alzheimer’s disease (AD) is mainly characterized by a 

substantial loss of episodic information, weakened ability to mentally relive past events, and 

anterograde and retrograde amnesia. This autobiographical declineresults in a limited access 

to memories that shape self-consciousness, self-knowledge, and self-images, a limitation 

that leadsto a diminished sense of identity. The link between autobiographical decline and 

compromised-self in AD can also be attributed to disruption in the working-self, a disruption 

that can be connected to executive dysfunction. One consequence of the working-self 

disruption is low correspondence and coherence between autobiographical memory and 

current goals and believes of the self.
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