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ABSTRACT

ARTICLE HISTORY

Socioemotional theories suggest that surviving a lifetime of life
experiences enhances older adult emotional resilience, yet the
role of past emotional challenges in current models of emotion
regulation is overlooked. In this paper, we propose how integration
of memories and hippocampal dedifferentiation may together ben
efit the reappraisal of novel stressors across the lifespan. First, we
review mood benefits of generating positive narratives, and more
integrated memories of adverse life events with age. Second, we
review neural mechanisms of narrative integration and meaningmaking. We propose a framework in which narrative integration
and neural dedifferentiation of hippocampal memory representa
tions may facilitate late-life reappraisal via shared positive meaningmaking in ventromedial prefrontal cortex (vmPFC). While current
evidence supporting this model is limited, we conclude by discuss
ing future directions for testing its components in multivariate
neuroimaging studies, and briefly review clinical implications of
the proposed model.
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A repertoire of stressful life experiences accrues over time as we navigate a number of
emotional challenges with age. Regulating and making meaning of emotional stressors is
crucial to promoting emotional health (Gross & Muñoz, 1995), cognitive flexibility
(Mackenzie et al., 2009), and functional well-being in later-life (Leger et al., 2018).
Reframing the narrative meaning of a stressful situation to reduce its emotional impact,
or cognitive reappraisal, is one of the most effective emotion regulation strategies (Gross,
1998). Older adults report more daily use and benefit from reappraisal strategies (Gross &
John, 2004; Shiota & Levenson, 2009). Despite late adulthood being associated with
reduced cognitive integrity (Koen et al., 2019), relative to younger adults, older adults
show greater tendencies to reappraise life crises with narratives of self-growth and
meaning, and stable self-concepts (e.g., Pasupathi & Mansour, 2006). Regulatory strategies
like reappraisal depend on intact executive functions in younger adults (McRae et al.,
2012). Thus, an age-related emotion regulation paradox emerges, such that older adults
maintain well-being and greater engagement with reappraisal despite the decline of
executive functioning (Mather, 2012). While recent evidence suggests that positive
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reappraisal is not significantly associated with executive functioning in older adults (Liang
et al., 2017), the specific mechanisms that promote effective reappraisal use in later life
remain unknown.
Socioemotional theories highlight that the lessons gained from challenging life experi
ences across the lifespan may strengthen emotion regulation to new stressors (Carstensen
et al., 2003), yet, few extant theories consider how memory for past life experiences may
impact emotion regulation processes. Current models of mnemonic emotion regulation
depict selective recall of positive memories and suppression of negative memories
(Nørby, 2019; Pascuzzi & Smorti, 2017), and/or interpersonal storytelling as mechanisms
for mood repair (Pascuzzi & Smorti, 2017), but do not consider how integrating life
experiences over time may enhance reappraisal across age.
Shared narrative meaning across memories is associated with overlapping hippocam
pal representations (van Kesteren et al., 2010; Zeithamova et al., 2012) and abstract
meaning processing in the vmPFC. With age, there is a loss of specificity in neural
activation patterns across unique memories, and more widespread brain networks
engaged during recall; this age-related dedifferentiation is revealed by multivariate meth
ods like multivoxel pattern analysis (MVPA; Koen et al., 2019). While age-related neural
dedifferentiation is often equated with cognitive performance deficits (Li et al., 2000),
some performance benefits are noted, such as enhanced semantic autobiographical
memory recall in older but not younger adults (Spreng et al., 2018). Integration of
information across memories can benefit other domains, including generation of abstract
semantic knowledge (Varga & Bauer, 2017) and inferential relationships across objects
(Zeithamova et al., 2012), but shared meaning across autobiographical experiences has
had limited consideration in current frameworks of emotion regulation.
In this paper, we propose a new model of mnemonic emotion regulation, outlining
how integration of life experiences and age-related dedifferentiation of memory repre
sentations may together benefit strategies like reappraisal. First, we review behavioral
studies supporting mood benefits from recalling past autobiographical experiences as
cohesive, positive narratives in later life. We then outline neural evidence of age-related
differentiation of hippocampal representations across unique experiences, and how
similar patterns of hippocampal activation across experiences and integrated meaningmaking in ventromedial prefrontal cortex (vmPFC) together promote shared narrative
meaning across experiences. We conclude by discussing future directions for testing
components of this theoretical framework in emotion regulation multivariate imaging
studies with older adults, and briefly discuss clinical implications of the proposed model.

Older adults recall less detailed autobiographical memories overall but have
intact memory for key experiences
Autobiographical recall involves a hierarchy of memories at different levels including
lifetime periods spanning decades, general facts/memories associated with multiple
events across time, and event-specific details (Conway & Rubin, 1993). When recalling
autobiographical memories, abstract meaning at more general levels is accessed first,
with intermediate steps then prompting recall of event-specific sensory-perceptual
details on a lower, subordinate level (Conway et al., 2001; Conway & Pleydell-Pearce,
2000; Rubin, 1999). Older adults overall demonstrate reduced memory for specific details
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and perceptional vividness when cued to recall an autobiographical memory in response
to a specific cue word (e.g., “happy,” Latorre et al., 2013; Ros & Latorre, 2010; Serrano et al.,
2007). Overgeneral autobiographical memory recall is found in both clinically depressed
and healthy control older adults in response to negative and positive cue words (Serrano
et al., 2007). Older adults also truncate retrieval in autobiographical recall tasks earlier
than younger adults at a more abstract level, recalling more nonspecific general mem
ories, while younger adults search for more detailed, specific memories in response to
a cue (Wank et al., 2021). Overgeneral memory is predictive of symptom onset and course
of depression and post-traumatic stress in younger adults (Dalgleish & Werner-Seidler,
2014; Kleim et al., 2014), but not among older adults with remitted depression or no
depression history (Haringsma et al., 2010).
Overgeneral memory is associated with early disengagement from autobiographical
search, leading to retrieval of less specific memory details, as outlined by the CaRFAX
model (Williams et al., 2007). The model suggests that overgeneral memory could result
from multiple factors, including an attentional bias/rumination on negative thoughts,
functional avoidance of past negative experiences, and impaired executive functioning. It
is well established that overgeneral autobiographical recall is associated with deficits in
executive functions, specifically deficits in associative binding (Piolino et al., 2010) and
updating in older adults (Ros et al., 2009). A more contentious assumption of the CaRFAX
model is that overgeneral memory serves an avoidance function of lowering negative
affect in the moment, at the cost of learning from specific details encountered in past
experiences. However, empirical evidence is mixed across reports, as induced overgeneral
memory recall is associated with lower momentary negative affect in adolescents and
children (Bunnell & Greenhoot, 2018, Study 1), but also with greater negative affect
(Philippot et al., 2003; Raes et al., 2003), or no change in affect in younger adults
(Bunnell & Greenhoot, 2018, Study 2). The specific hedonic benefits of inducing over
general autobiographical recall are unknown in older adults, but evidence supports that
older adults are motivated and able to recall specific autobiographical memories that are
highly self-relevant, despite executive functioning difficulties. Thus, it is important to
consider the hedonic motivations and affective consequences older adults may have
when recalling specific and overgeneral memories across differing emotional contexts.
Despite overall loss of episodic details in autobiographical recall, when recalling selfdefining memories – relevant autobiographical memories that contribute to one’s global
sense of self – older adults show a high level of recall specificity that parallels their
younger counterparts in most accounts (Cuervo-Lombard et al., 2021; Martinelli et al.,
2013; though see Singer et al., 2007). For instance, one study contrasted recall of auto
biographical memories for routine events, key memories that contributed to the indivi
dual’s sense of self (self-defining memories), and personal facts across healthy younger
adults, healthy older adults, and older adults with dementia (Martinelli et al., 2013).
Findings reveal lower recall of episodic details for older adults overall, but matched
specificity of recall for self-defining memories across healthy older adults and younger
adults, and for personal facts across all groups. Neurally, autobiographical recall activates
a constellation of medial brain network regions including hippocampus and vmPFC,
among others (Maguire et al., 2001; Spreng et al., 2009; Svoboda et al., 2006). Activity
within this autobiographical memory network is activated to a similar degree across age
in tasks that require abstract self-reflection and thinking about personal traits (Gutchess
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et al., 2007; Kalenzaga et al., 2015; Thakral et al., 2017). Relatedly, reflecting on selfrelevant information (facts about the self) similarly benefits recall specificity of abstract
autobiographical memories for older and younger adults (Grilli et al., 2018). Thus, while
older adults may lose the details of their general autobiographical experiences, they can
also retain details of key self-relevant, salient past experiences that can confer more
lasting emotional benefits.

Older adults enhance resilience by recalling more positive, integrated
narratives following adverse life events than younger adults
Recalling key past events is emotionally beneficial, as individuals who recall “redemptive
narratives,” detailing lessons learned following negative experiences, demonstrate
greater levels of positive well-being (Bauer et al., 2019; Bauer & McAdams, 2010;
McLean & Pratt, 2006; Pals, 2006). Formation of redemptive narratives that link a life
stressor to more global positive beliefs about oneself and the world improves mood
beyond recalling specific event details (Adler et al., 2016; Bartoli & Smorti, 2019).
Furthermore, individuals rated as wiser report recalling the past to find meaning in their
life memories, beyond reexperiencing specific details from past experiences (Baltes et al.,
1995). Older individuals are more likely to find redemptive meaning when recalling
adverse autobiographical events and to describe more themes of growth and positive
meaning when narrating life crises than younger adults (Pasupathi & Mansour, 2006;
Singer et al., 2007). When asked to narrate past turning points and life crises, older adults
were more likely to connect their experience to a more global sense of self that trans
cended the event in isolation, and more likely to reinforce a sense of identity stability and
self-efficacy over time compared to younger adults (Pasupathi & Mansour, 2006).
Successful past regulation of challenging life events is also associated with lasting
mood and emotion regulation benefits in later life. Effective regulation of previous
stressful life experiences is predictive of lower subsequent depression and anxiety in
older adulthood (Dulin & Passmore, 2010). Likewise, greater post-traumatic growth fol
lowing a past crisis event is predictive of improved adjustment to novel stressors (Park
et al., 2005). Thus, the ability to regulate past stressors is associated with improved present
moment emotion regulation and emotional symptoms. These findings beg the question:
Does integrating life challenges promote emotion regulation ability, specifically reapprai
sal efficacy?
Evidence supports that older adults not only more favorably think about isolated past
challenges but also behaviorally associate individual life memories with one another more
readily. For instance, when recounting narratives about past life challenges, older adults
make greater reference to other life experiences, and show greater associations between
past and imagined future events compared to younger adults (Addis et al., 2008). When
recalling self-defining life memories, older adults recall more gist-based positive narra
tives, and their recollections are more likely to contain integrative meaning compared to
younger adults (Singer et al., 2007). Older adults also report more referenced associations
with other memories that appear self-relevant to them but tangential to others when
narrating past autobiographical life events (“story asides”; Bluck et al., 2016; Devitt et al.,
2016). Of interest, these “story asides” are not merely a side effect of reduced inhibitory
processing, as the age effect is only present when older adults review autobiographical
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life events, and not when recounting non-autobiographical narratives (Bluck et al., 2016).
Integrating a lifetime of important autobiographical experiences into a stable, identitypromoting narrative is also the foundation of life review interventions, which effectively
reduce depressive symptoms in geriatric populations (Westerhof & Slatman, 2019). Thus,
behavioral evidence supports that older age is associated with weaving life challenges
into cohesive positive narratives, and that this narrative integration confers emotion
regulation benefits.

Hippocampal representational similarity increases with age, and enhances
memory integration
Foundational neural models of memory propose that unique hippocampal representa
tions minimize interference, to enhance recall of event-specific contextual features and
perceptual details (McClelland et al., 1995). Updated neural memory models suggest that
hippocampus has a secondary role in dynamically integrating across experiences to build
associations that transcend individual experiences. Hippocampus appears to play a crucial
role in associative-pair integration, as univariate activation of the hippocampus to object
pairs at encoding (A-B, B-C) is predictive of accuracy of recall for associations between
pairs that share features with one another (A-C), but were never directly encoded together
(Shohamy & Wagner, 2008; Zeithamova & Preston, 2010). Univariate methods track how
the strength of hippocampal activity maps onto abstract associations between memories,
but methodologically, these studies fail to establish whether overlap in specific patterns
of activation in hippocampus contributes to integrative encoding.
Multivariate pattern classification methods, such as Multivariate Pattern Analysis
(MVPA) and Representational Similarity Analysis (RSA) are well suited to track representa
tions of narrative integration across memories due to their focus on classification of brain
activity across categories of interest (e.g., stimulus type, group, and in our case, abstract
narratives; Haxby et al., 2001; Kriegeskorte et al., 2008). MVPA typically involves training
a linear or nonlinear pattern classifier on a subset of the data with category labels, and
having the trained pattern classifier predict category membership of the remaining data
for each voxel. RSA goes further by correlating voxel-based MVPA maps with higher-order
matrices depicting the relationships of the stimuli to one another (Kriegeskorte et al.,
2008). These multivariate methods are sensitive to patterns of activity across voxels that
represent an experimental condition, even when these patterns are lost when information
is averaged across large regions in univariate fMRI analyses (Norman et al., 2006).
MVPA evidence reveals that reactivation of hippocampal patterns active when
memories are formed is associated with the detail of event-specific memory at
recall (Buchsbaum et al., 2012; Horner et al., 2015; Johnson & Johnson, 2014; Kuhl
et al., 2011; Lee et al., 2012). Distinctiveness of hippocampal representations across
memories also helps differentiate unique experiences, and promote memory for
event-specific details (Yassa & Stark, 2011). Older adults show reduced reactivation
of hippocampal patterns active during memory formation, and more dedifferen
tiated (less distinct) representations across different memories compared to
younger adults (St-Laurent et al., 2014). Interestingly, these neural representations
change as memories are recalled multiple times, and this process varies by age.
Older adult neural representations become more similar as the same memory is
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remembered multiple times, but younger adults show the opposite effect (StLaurent et al., 2014). When asked to recall film clips depicting specific events
(e.g., avalanche, roller coaster), younger adults showed decreased MVPA classifier
performance across whole brain memory representations across repeated recall
attempts over time. This reduced differentiation across repetitions is indicative of
more abstract, dissimilar representations as younger adults recalled the same
experience repeatedly (St-Laurent et al., 2019). In contrast, older adults evidenced
improved classifier performance across repeated recall of the films (St-Laurent
et al., 2019). Thus, while key memories across the lifespan may have less detail,
their neural representations become more consistent and similar for older adults as
these experiences are re-accessed over time.
Multivariate evidence also supports that similarity in hippocampal representations at
encoding help integrate memories that share overlapping contexts and other high-level
relational associations (Kumaran et al., 2016; Preston & Eichenbaum, 2013; van Kesteren
et al., 2012). For instance, the similarity of anterior hippocampal neural representations
across memories is predictive of their relative temporal and spatial proximity, and shared
background contexts across memory representations for both laboratory-encoded stimuli
(Ezzyat & Davachi, 2014; Libby et al., 2019), and real-world memories (Nielson et al., 2015).
Hippocampal representations hold information not only about shared associations and
visuospatial contexts across memories but also shared higher-level meaning, such as story
narratives (Cohn-Sheehy et al., 2021; Milivojevic et al., 2016). In one study, Milivojevic et al.
(2016) instructed younger adults to view a film with two interleaved, separate storylines (A
and B) involving the same characters and settings, that evolved in parallel over time
(ABAB). As the film progressed over time across runs and the storylines became more
discriminated, hippocampal representation patterns became increasingly similar between
events within each storyline, and differentiated across the two orthogonal narratives
(Milivojevic et al., 2016). Interestingly, this representational overlap with time was not
evident when multivariate pattern classifiers were trained on runs of the films in nonchronological order, such that the higher-level narrative meaning of the films was lost.
Another study similarly explored how hippocampal similarity is associated with integrat
ing narrative components. In this study, two adjacent audio clips were played that either
presented in a cohesive or a non-cohesive narrative featuring the same character, and
episodic memory for the narrative was tested a day later in a sample of younger adults
(Cohn-Sheehy et al., 2021). Hippocampal activity across fictional stories was more similar
between clips that formed a coherent narrative than across events from separate narra
tives (Cohn-Sheehy et al., 2021). Narrative recall was also associated with reinstated
hippocampal encoding patterns for the second audio clip, which included key informa
tion that made the overall narrative coherent. Thus, hippocampal pattern similarity helps
integrate narratives across time, and narrative continuity over time helps build insight and
derive higher-level meaning.
While greater overlap across hippocampal representations for unique events is asso
ciated with shared narrative meaning and integration, these studies have primarily focused
on younger adults, and it remains unknown to what degree age-related dedifferentiation of
hippocampal representations across memories benefits integration of life experiences. Agerelated dedifferentiation may facilitate integration of similar memories; however, narrative
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integration of memories with age remains unexplored directly and is an important area for
future research to clarify. We next review the role of the vmPFC in representing established
narrative meaning and its involvement in the narrative integration process.

Meaning-making processing involves hippocampal connectivity to vmPFC,
with high-level meaning represented in vmPFC
Hippocampal representations across memories provide inputs that relay contextual asso
ciations between overlapping, related experiences to higher-order cortical regions, such
as the vmPFC (Kumaran & McClelland, 2012; Shohamy & Wagner, 2008). Evidence sug
gests that while hippocampus helps integrate overlapping experiences, the vmPFC
resides at the top of the hierarchy representing contextual and narrative meaning of
memories (McCormick et al., 2020; van Kesteren et al., 2010). The vmPFC has a suggested
role in updating high-level knowledge systems, driving the recall of hippocampal memory
details downstream as needed to resolve conflict between existing memories and newly
acquired information (Preston & Eichenbaum, 2013) and/or integrating overlapping
experiences into meaningful abstract associations (Schlichting et al., 2015). Indeed,
a recent MEG study found that vmPFC temporally preceded hippocampal activity, with
vmPFC engaged early on regardless of the remoteness of the autobiographical memory
retrieved (McCormick et al., 2020). Several studies also suggest that over time, autobio
graphical memory representations become less prominent in hippocampus, and increas
ingly represented in vmPFC. For instance, one study instructed younger adults to retrieve
autobiographical memories that occurred either 2 weeks or 10 years prior, and cued recall
for these memories 2 years later (Bonnici et al., 2012). MVPAs revealed discrimination of
recent versus remote memories in vmPFC and hippocampus, and stronger discrimination
of remote memories from one another in the vmPFC (Bonnici et al., 2012; Bonnici &
Maguire, 2018). Thus, hippocampus plays a diminished role in distant memory represen
tations, and discrimination of life experiences becomes increasingly represented in the
vmPFC.
VMPFC appears to hold key information about narrative meaning of memories over
time. One fMRI study explored which whole-brain regions differentiate abstract, shared
narrative meaning across stories depicting real-life events segmented into overarching
story themes (e.g., telling a lie, getting a divorce, etc., Dehghani et al., 2017). Participants
read story narratives presented across three slides of text in their native languages of
English, Mandarin Chinese, or Farsi. MVPA searchlight analyses revealed differentiation of
story narratives in posterior medial cortex and vmPFC, even when multivariate pattern
classifiers were trained on one language and tested on another. Narrative differentiation
therefore goes beyond low-level language features like phonemes and sentence struc
ture, supporting a role of vmPFC and posterior medial cortex in coding for more abstract
story meaning and themes rather than additive details from specific stories.
MVPA studies also support overlapping vmPFC representations of shared meaning and
contexts across categorically similar experiences that transcend single events. MVPA
findings demonstrate that vmPFC and posterior cortical regions significantly differen
tiated distinct real-life event schemas (i.e., eating at a restaurant versus catching a flight at
an airport) that shared abstract contexts above chance (i.e., abstract overlap among
restaurant scenes across films (“Pulp Fiction,” “Mr. Bean,” and “Brazil”; Baldassano et al.,

606

B. MARTINS-KLEIN ET AL.

2018). Similarly, another study showed participants film clips from The Sims that mimicked
separate, independent real-world events, where the fourth film either formed a narrative
connection across the first three films or did not. Film clips were viewed twice each,
allowing researchers to track how providing narrative insight changed neural representa
tions for these events over time. This study was unique in that the narrative “insight” was
independent from the originally encoded episodes, and thus was unlike prior associative
inference tasks where linking items are co-encoded (Milivojevic et al., 2015).
MVPAs revealed neural pattern similarity across narratively linked events in both the
posterior hippocampus and the vmPFC after narrative insight was gained, but no sig
nificant difference in similarity across narrative and disjointed clips in the pre-insight
phase. Similarly, in another study, Zeithamova et al. (2012) asked young adult participants
to view pairs of objects, scenes, or object-scene pairs – some pairs which had overlapping
contextual features – and tracked patterns of activity of hippocampus and vmPFC across
pairs of items recalled with overlapping versus non-overlapping relationships. Results
revealed decreased hippocampal and increased vmPFC engagement across recall of pairs
with overlapping contexts, predictive of abstract associations even between items that
were not directly learned together (e.g., Zeithamova et al., 2012). Similarly, another fMRI
study showed participants a two-part film where one group viewed the first half of the
film in order, and a second group viewed the film in scrambled order (van Kesteren et al.,
2010). Both groups viewed the second half of the film in order, providing high-level
narrative meaning for the first time for the scrambled group, and reinforcing existing the
narrative for the sequential group. Stronger functional connectivity was demonstrated
between hippocampus and vmPFC during the second half of the film for the scrambled
group, while vmPFC activity was greater across subjects who had sequentially viewed the
schema first half of the film (van Kesteren et al., 2010). Thus, hippocampal-vmPFC con
nectivity is increased when narrative meaning is unclear, but this connectivity diminishes
once experiences are bound into established narratives.
Taken together, communication between hippocampus and vmPFC collaboratively
play a critical role in integrating information and meaning-making, but vmPFC acts in
the primary role, representing and storing patterns that represent abstract narrative
meaning. Memory narratives with overlapping contexts are similarly represented in the
hippocampus, and while this has negative implications for accuracy of memory features
and reliving of sensory and episodic details (aka pattern separation), this may facilitate
meaning-making. Similarity of hippocampal representations may aid the meaningmaking process by establishing associations across memories in the vmPFC to the
possible benefit of cognitive processes such as autobiographical memory reflection and
emotion regulation in late-life.

Role of autobiographical memory and vmPFC in reappraisal is understudied
Surprisingly, very few studies have focused on integration of personal memories on
reappraisal processes. A few studies have explored the role of reappraisal on memory
outcomes and found that self-reported trait reappraisal use (Wisco & Nolen-Hoeksema,
2010) and momentary use of reappraisal of negative events in the laboratory (Rusting &
DeHart, 2000) is associated with more positive biases in episodic memory recall.
A recent online study found that recall of highly self-relevant autobiographical
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memories central to an individual’s identity are associated with greater use of reapprai
sal, as compared to recall of low importance memories (del Palacio-Gonzalez & Berntsen,
2020). There is also evidence linking past and current reappraisal efficacy; one study
found that reappraising past events with redemptive narratives following turning points
in life is linked to self-reported use of effective emotion regulation strategies two years
later, including reappraisal (Cox & McAdams, 2014). To our knowledge, only one report
has empirically manipulated autobiographical recall of self-defining memories and its
impact on reappraisal use (Paersch et al., 2021). Recalling an important past life chal
lenge or event that pivotally taught the individual a lesson was associated with
enhanced subsequent reappraisal of a recalled negative autobiographical event in
a sample of younger adults (Paersch et al., 2021). However, the integration of past life
challenges into subsequently reappraised memories was not tracked, nor was this
association explored in older adults.
In addition, vmPFC activity shows a key role in some reviews of reappraisal studies
(Diekhof et al., 2011; Etkin et al., 2011; Yang et al., 2020) while other reports fail to
replicate the association (e.g., Buhle et al., 2014; Morawetz et al., 2017). Interestingly,
vmPFC activation when viewing images is associated with recalling memories for prior
reappraisals both 1 day, and 1 week after intial reappraisal (Hermann et al., 2017;
Hermann et al., 2021, respectively). At least in some accounts of older adult emotion
regulation, vmPFC activity is also associated with reductions in amygdala activity
(Allard & Kensinger, 2014a, 2014b). VMPFC connectivity to the amygdala is also
predictive of greater heart rate variability (HRV) equally across the lifespan (Sakaki
et al., 2016) – a cardiac correlate of successful emotion regulation (Mather & Thayer,
2018). While these associations between memory and reappraisal have been estab
lished, the role of narrative integration across past life events on late-life reappraisal
remains unknown. Univariate reports demonstrate largely age-matched activation in
regions of the vmPFC during self-reflection tasks (e.g., Gutchess et al., 2010), but it is
unclear whether patterns of neural activity are age-matched or not during reappraisal
use. We next discuss a novel model of how memory integration and neural dediffer
entiation may benefit reappraisal processes in later-life, outlining multivariate meth
ods that are well suited to explore these findings in the future.

Memory dedifferentiation and autobiographical integration in late-life
emotion regulation: avenues for multivariate exploration
Associating emotional situations with similar autobiographical memories that were well
managed in the past may enhance the ease and success of integrating new memories into
abstract, positive narrative meaning attributed to other experienced challenges (aka,
reappraisal).
Overlapping hippocampal memory representations aid the process of narrative
integration, yet the association between age-related hippocampal dedifferentiation
and narrative integration have not been directly explored in older adults (Figure 1).
We propose a model by which greater neural dedifferentiation in hippocampus for
individual memories aids the process of narrative integration within the vmPFC.
Integration of lower level features from hippocampus may aid narrative updating and
integration processes to promote a more global, positive self-concept, overarching lesson
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Figure 1. Proposed framework of memory integration and dedifferentiation enhancing late-life
reappraisal. Note: Dedifferentiation of memory representation in hippocampus is associated with
generation of narrative meaning in vmPFC, and narrative representations in vmPFC are associated
with greater cross-event integration. Dotted lines depict unestablished relationships to date, needing
to be empirically tested in future research.

learned, or positive resulting outcome shared across life experiences driven by the vmPFC
(Figure 1). Older adults do appear to have intact ability to recall details from highly
relevant, key self-defining memories and thus, this higher-level integration of vmPFC
may allow for elaboration of more specific event details that may outline reappraisals
from the past. As individual memories become more similarly represented in terms of
intermediate and lower-level features in hippocampus, it may become easier for vmPFC to
link abstract, shared narratives across these integrated experiences. This may facilitate the
process of both integrating positive self-defining narratives that span multiple events on
a more abstracted level, as well as aiding the generation of event-specific reappraisals by
recalling past positive meaning attributed to other life challenges, as outlined in Figure 2.
Recalling autobiographical memories for challenges from the past may make it easier
to generate positive narratives (reappraisals) in response to similar stressors. Consider this
scenario: an individual is feeling socially isolated during the COVID-19 pandemic, unsure
when things will resolve. The first step in this process is the integration of experiences
with an overlapping stress or emotional context. In this particularly distressing moment,
recalling situations that conjured a similar feeling of uncertainty that became manageable
over time may help foster momentary mood repair, such as the pandemic, past surgery, or
overcoming a divorce (see Figure 2). While the experiences themselves are not identical,
they share features – an uncertain circumstance, with initial feelings of hopelessness,
requiring major, ongoing lifestyle changes.
The second step of the model outlines that recalling past, similar stressors may also
help form associations to abstract, positive autobiographical memory narratives shared
across experiences (in this instance, “I am well supported, and I care for myself”). Positive
narrative meaning represented in vmPFC may help the individual consider how the
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Figure 2. Example case of vmPFC-hippocampal integration in late-life reappraisal. Note: Greater
similarity in hippocampal activation may facilitate meaning-making by linking across current and
past stressors, and associating past reappraisals to newly encountered stressors. This model outlines
how the number of past reappraised memories (indicated by each yellow box) increases associative
paths for determining a present moment reappraisal. Dotted lines depict in-progress associations
made during narrative integration process and solid lines depict established connections and mean
ings made in the past. Green boxes outline reappraisals (positive narrative meaning) associated with
each stressful situation.

narrative applies to the current stressor and generate a unique event-specific reappraisal
(i.e., “How have I been supported and cared for myself during this pandemic?”). An
individual may also consider more specific lessons learned from past challenges, to
transfer and apply a reappraisal from a past experience to a current challenge. The
vmPFC may drive top-down retrieval of intermediate self-relevant, event-specific memory
details from past events represented in the hippocampus that aid reappraisal (depicted in
Figure 2). In our example, perhaps recalling that support from community and self-care
had been helpful following a past divorce and/or heart surgery may aid in finding a less
grim narrative of the pandemic. Perhaps one could consider that the pandemic has also
been more manageable thanks to social support and engagement in meaningful
activities.
Greater numbers of memories may aid the reappraisal process, by providing multiple
routes by which one can seek a past reappraisal to a similar experience. Thus, being able
to recall past reappraisals may decrease the cognitive cost of reappraisal, as silver linings
can be similarly constructed across shared experiences with similar narratives. Greater
hippocampal dedifferentiation across individual life memories may facilitate both forming
associations between events and linking these events to higher-level abstract vmPFC
representations that code for higher level meaning. Whether this process is initiated at the
level of vmPFC, and later hippocampus, or initiated by bottom-up shared associations in
hippocampus to formulate meaning at higher levels in vmPFC remains an open research
question to be investigated (see Table 1).
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Table 1. Directions for future research on memory integration and reappraisal across age.
Research Questions
Does memory integration aid reappraisal success?

Proposed Design

● Correlate in-lab autobiographical memory integration
with trait measures of reappraisal

● Use MVPA to track dedifferentiation of memory repre
●
●
Does memory integration become easier with age?

●
●
●

●
Does age-related dedifferentiation of hippocampus
impact autobiographical specificity/overgenerality in
recall?
●
●
Contribution of hippocampus and vmPFC in integration ●
of memories into narratives across time

●

Role of executive functioning in memory integration
and reappraisal

●
●

AM reappraisal as a novel therapeutic intervention

●

sentations across age groups in relation to reappraisal
success
Use Representational Similarity Analysis to track relation
ship between neural similarity of memories in lab with
momentary reappraisal efficacy
Test for age differences in relationship between memory
integration and reappraisal success in the lab
Ask participants to think of specific memories related to
abstract self-defining narrative (e.g., “I am resilient and
overcome obstacles”), and rate relatedness of memory
Track fluency and speed of memory generation
behaviorally
Use Representational Similarity Analysis to track relation
ship between relatedness of memories and dedifferen
tiation in hippocampus and vmPFC
Instruct older and younger adults to recall autobiogra
phical memories in scanner and descriptions of mem
ories outside of scanner
Track association of MVPA hippocampal classification to
memory specificity
Use Representational Similarity Analysis to track dedif
ferentiation of memories relative to one another in
relation to relative differences in AM recall specificity
Have participants recall memories multiple times before
and after forming connection between memories
Use Informational Connectivity and/or Multivariate
Pattern Dependence methods to track temporal rela
tionship between dedifferentiation across memories
across regions of hippocampus and vmPFC
Track individual differences in EF measures as mediator
of relationship between laboratory tasks of memory
integration and reappraisal
Track dedifferentiation across pairs of memories, and use
Representational Similarity Analysis to map onto rela
tionship between EF and reappraisal
Instructional and therapeutic training of explicit AM
reappraisal in lab and daily life

While the prior research reviewed in this paper encompasses the bold lines, future
work should empirically test the dotted paths outlined in our model (Figure 1). However, it
is imperative that future work investigates the differentiation of autobiographical mem
ories not only within hippocampus but also within higher level vmPFC, and temporal
relationship between these neural regions that promotes cross-event narrative integra
tion. In Table 1, we outline this and other directions that future research should explore to
empirically clarify how autobiographical memory integration and dedifferentiation may
leverage momentary emotion regulation.
With increasing age, greater access to past challenges navigated and neural dediffer
entiation of the hippocampus may together work to support this model. Here, we
propose a neurobehavioral model of how aging may improve autobiographical memory
integration with current stressors to facilitate momentary reappraisal (see Figure 1). As we
reviewed, associations across autobiographical memories behaviorally increase, and
neural representations of autobiographical memories become more similar and
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dedifferentiated in the hippocampus across the lifespan. Hippocampal representational
similarity across separate events is greater for narratively linked events and meaning
information is represented in the vmPFC. We propose testing whether dedifferentiation of
hippocampal representations with age may facilitate narrative links between separate
experiences (see Figure 1). In addition, higher-level, abstracted narrative autobiographical
memory meaning relies less on hippocampus, and more on vmPFC structures, which are
less susceptible to age-related decline when recalling self-relevant memories (Kensinger &
Gutchess, 2015).
We challenge the theoretical deficit model that frames age-related neural dedifferen
tiation as a global deficit impairing memory and other cognitive outcomes in aging, and
propose that greater neural overlap in hippocampus and activation of shared autobio
graphical memory narratives across individual experiences in vmPFC may lead to faster
and more effective reappraisal generation in later life. Greater neural overlap across
experiences represented in the hippocampus may help form high-level narrative associa
tions between memories and may facilitate identification of shared narrative meaning of
memories in the vmPFC. Thus, the age-related dedifferentiation of hippocampal memory
representations and intact abstract narrative representations in vmPFC may work in
concert to benefit meaning-making in later-life.

Implications and future directions
Current studies reviewed lay an important foundation in support of our novel theoretical
model, however limitations of current literature necessitate future investigation and
research. Prior research on autobiographical memory and emotion regulation has focused
on autobiographical memory as an avoidance or distraction tactic (Martins et al., 2018,
2015; Speer & Delgado, 2017). Future research must further this understanding to test
whether autobiographical memory recall also facilitates emotional engagement strate
gies, like late-life reappraisal, to better manage stressors. Existing accounts fail to extend
findings to mid-adult or older adult age groups in studies of memory integration
(Milivojevic et al., 2015) and efficacy of autobiographical and self-focused emotion reg
ulation strategies in late-life samples (Ochsner et al., 2004; Paersch et al., 2021). Emotion
regulation studies also largely omit the influence of past autobiographical memories on
emotion regulation in the moment, especially the association of past emotional chal
lenges overcome and novel reappraisal attempts in older adults. Evidence of agematched activation of vmPFC during memory integration among younger and older
adults is limited (Webb et al., 2018). Exploration of these empirical questions would
help address critical foundational gaps in the existing literature and start providing clarity
of whether autobiographical memory associations and neural dedifferentiation may be
key considerations in addressing the age-related cognition-emotion regulation paradox
(Mather, 2012).
Future studies can empirically test branches of our theoretical model, and we suggest
key questions and methodological considerations in designing future paradigms of
emotion regulation with lifespan samples (see Table 1). Given the highly variable and
subject-specific representations of autobiographical memories, it is crucial to conduct this
work using methods that are sensitive to patterns of activity, and not averaging across
information by only considering mean activation level as is the case with univariate
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designs (Norman et al., 2006). Multivariate methods like RSA can track the relationship
between subjective experiences and neural patterns of dedifferentiation, to clarify how
perceived similarity across integrated memories and neural dedifferentiation in their
representations align across the lifespan.
In addition, newer multivariate methods can be leveraged to examine relationships
between neural patterns across brain regions, using the classification patterns from one
region to predict patterns in another region; this includes linear methods like
Informational Connectivity (Coutanche & Thompson-Schill, 2013) or nonlinear methods
like Multivariate Pattern Dependence (Anzellotti et al., 2017). These methods can be used
to test the temporal considerations in our model, such as the role of hippocampus as
a first step in the narrative integration process, and vmPFC having a subsequent role in
retrieving high-level narratives and needed memory details that help link a past memory
to a current stressor. MVPA pattern classifiers in hippocampus could be used to track
classification overlap in the vmPFC over time as new stressors are linked to past memories.
We outline this direction, as well as other key areas and methods that future studies can
take to substantiate our model in Table 1.
Finally, if the hypothesized model is empirically validated, autobiographical memory
may be considered a target for treating emotion regulation deficits in older adults with
mood dysregulation. Clarifying the role of autobiographical memory in reappraisal may
advance emotional health by identifying a novel target for future clinical interventions
and treatment of mood dysregulation in older adult populations. Current clinical inter
ventions of mood disorders are optimized and designed for younger and mid-life adults.
Randomized controlled trial outcomes demonstrate efficacy of cognitive behavioral
therapy (CBT) in older adults with late-life depression, generalized anxiety disorder,
and insomnia (Chand & Grossberg, 2013), yet findings suggest that the best hosts for
reappraisal strategies associated with CBT are those older adults with no significant
cognitive decline and good health. Thus, adapting existing reappraisal interventions in
combination with autobiographical memory recall may help leverage late-lifebeha
vioral, emotional, cognitive, and neural strengths, subsequently improving therapeutic
interventions, outcomes, and retention among older adults. Testing both the direct
paths for how neural dedifferentiation of hippocampus and intact vmPFC impact
reappraisal outcomes, as well as an indirect mediation path model with similarity of
autobiographical memories and current challenges, will help determine the founda
tional basis for these future directions. Extending this proposed work to a larger sample
will allow us to test these models, and later test interventions to replicate findings in
daily contexts.
The potential of these clinical interventions may translate most meaningfully to older
adult individuals that are not in good physical, psychological, or neurological health. Both
remote and recent autobiographical memories are relatively preserved in older adult
hood, even in individuals with mild memory impairment (Murphy et al., 2008). Moreover,
reminiscence therapy shows benefits even among older adults diagnosed with comorbid
depression and Alzheimer’s disease (Lök et al., 2019). Thus, integrating autobiographical
linking, meaning-making, and self-reflection during therapeutic intervention may bolster
existing approaches, and also provide novel interventions for individuals with diverse
cognitive status.
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Conclusion
The reviewed literature lays groundwork for a mechanistic neural model of how dediffer
entiation of memory representations may improve autobiographical memory integration
with current stressors to facilitate reappraisal in late-life. Unlike most models of decline,
we argue that age-related loss of neural specificity supports affective processing com
pared to other cognitive domains. Better understanding the intersection of the behavioral
and neural mechanisms supporting dedifferentiation and memory integration may help
advance our theoretical and empirical understanding of what promotes emotional resi
lience in late-life. With growing scientific evidence, instructing autobiographical memory
linking and meaning-making as a novel target of emotion regulation may facilitate clinical
intervention and treatment of mood dysregulation in healthy older adults, as well as those
individuals experiencing complex neurocognitive disorders.
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