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Abstract

The ability to generate episodic details while recollecting autobiographical events is believed to 

depend on a collection of brain regions that form a posterior medial network (PMN). How age-

related differences in episodic detail generation relate to the PMN, however, remains unclear. The 

present study sought to examine individual differences, and the role of age, in PMN resting state 

functional connectivity (rsFC) associations with episodic detail generation. Late middle-aged and 

older adults (N = 41, ages 52–81), and young adults (N = 21, ages 19–35) were asked to describe 

recent personal events, and these memory narratives were coded for episodic, semantic and 

‘miscellaneous’ details. Independent components analysis and regions-of-interest analyses were 

used to assess rsFC within the PMN separately for anterior connections (hippocampal and medial 

prefrontal) and posterior connections (hippocampal, parahippocampal and parieto-occipital), as 

these connections purportedly serve different functional roles in episodic detail generation. 

Compared to younger adults, older adults produced memory narratives with lower episodic 

specificity (ratio of episodic:total details) and a greater amount of semantic detail. Among the 

older adults, episodic detail amounts and episodic specificity were reduced with increasing age. 

There were no significant age differences in PMN rsFC. Stronger anterior PMN rsFC was related 

to lower episodic detail in the older adult group, but not in the young. Among the older adults, 

increasing age brought on an association between increased anterior PMN rsFC and reduced 
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episodic specificity. In contrast, increasing age brought on an association between increased 

posterior PMN rsFC and increased semantic detail. The present study provides evidence that 

functional connectivity within the PMN, particularly anterior PMN, tracks individual differences 

in the amount of episodic details retrieved by older adults. Furthermore, these brain-behavior 

relationships appear to be age-specific, indicating that some process within aging alters the nature 

of how anterior PMN rsFC and episodic detail relate to each other. Whether this process entails an 

age-related loss of integrity to the PMN, or an age-related shift toward semantic retrieval, remains 

to be determined.
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1. Introduction

A key function of the autobiographical memory system is the retrieval of specific past 

personal events. When a specific autobiographical event is recalled, a variety of information 

can be brought to mind, including general semantics (i.e., knowledge about the world), 

personal semantics (i.e., knowledge about one’s self) and episodic details (i.e., perceptual, 

emotional and other elements specific to a spatio-temporally defined event) (Conway, 

2009). Episodic details provide fine-grain information about what transpired in past events, 

and they may relate to phenomenological aspects (e.g. memory vividness) of recollection 

(Moscovitch et al., 2005). Episodic detail generation may also contribute towards various 

other cognitive functions related to episodic memory processes, such as decision-making 

(Lempert et al., 2020), imagining novel events (Addis, Wong & Schacter, 2008), and 

problem solving (Madore & Schacter, 2015; Peters, Fan & Sheldon, 2019).

In the present study, we build on recent work showing that the amount of episodic 

information an individual is generally capable of accessing during autobiographical 

recollection can be mapped to differences in the integrity of brain regions that support 

episodic detail generation (Ahmed et al., 2018; Irish et al., 2014; Esopenko & Levine, 2017; 

Palombo et al., 2018; Hodgetts et al., 2017; Memel et al., 2020; Sheldon et al., 2016). 

In particular, we assess the relationship between individual differences in episodic detail 

generation and resting state functional connectivity in a brain network that has emerged as 

critical for autobiographical memory (Ranganath and Ritchey, 2012).

1.1. Relationship between episodic detail generation and an MTL-neocortical network

A network of medial temporal lobe (MTL) and neocortical regions are believed to support 

the generation of episodic details during the recollection of an autobiographical event. 

According to several theories, the hippocampus is at the center of this network (Ranganath 

and Ritchey, 2012; Sekeres, Winocur, and Moscovitch, 2018; Sheldon & Levine, 2016; 

Addis, 2020), and is supplied input via extra-hippocampal regions of the MTL, including the 

perirhinal and parahippocampal cortices (Ranganath and Ritchey, 2012; Burke et al., 2018). 

Case studies of patients with hippocampal and broader MTL damage have demonstrated that 

the recollection of rich episodic details from autobiographical memories is compromised in 
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the absence of normal hippocampal function (Rosenbaum et al., 2008). Converging evidence 

can be found in task-based functional magnetic resonance imaging (fMRI) studies, in which 

episodic autobiographical retrieval has been associated with greater hippocampal activation 

(for meta-analyses, see Martinelli, Sperduti, & Piolino, 2013 and Svoboda, McKinnon & 

Levine, 2006).

In addition to the hippocampus, a variety of neocortical regions have been implicated in the 

retrieval of richly detailed episodic memories (Ranganath & Ritchey, 2012; Moscovitch et 

al., 2016), including the posterior cingulate, precuneus, lateral parietal cortex, and medial 

prefrontal cortex (mPFC). Task-based fMRI studies have provided evidence that activation 

in these neocortical regions is associated with episodic autobiographical retrieval (for meta-

analyses, see Svoboda, McKinnon & Levine, 2006, Benoit & Schacter, 2015, and Martinelli, 

Sperduti & Piolino, 2013), and have furthermore shown that the hippocampus interacts with 

neocortical regions during autobiographical retrieval for past events (St. Jacques, Kragel & 

Rubin, 2011; McCormick et al., 2015), as well as simulation of future events (Campbell et 

al., 2018). Additionally, episodic detail is reduced in cases of lesion damage to the mPFC 

(Bertossi et al., 2016), medial parietal cortex (Berryhill et al., 2007), and lateral parietal 

cortex (Berryhill et al., 2007; Davidson et al., 2008). Among healthy adults, transcranial 

magnetic stimulation of a lateral parietal region, the angular gyrus, induces a decrease in 

episodic detail generation (Bonnici et al., 2018; Thakral, Madore & Schacter, 2017).

Ranganath and Ritchey (2012) propose that interactions across the MTL, mPFC, and 

parieto-occipital regions (e.g. posterior cingulate, precuneus, angular gyrus) comprise a 

network that supports episodic recollection – known as the ‘posterior-medial network’ 

(PMN). The parieto-occipital components of the PMN and the mPFC may serve distinct 

roles during the process of episodic recollection. The parieto-occipital regions of this 

network may help generate scene imagery (McCormick et al., 2018; Barry et al., 2019) 

and represent the contextual information that characterizes episodic recollection, including 

perceptual and spatial detail (Gurguryan & Sheldon, 2019; Sekeres, Winocur & Moscovitch, 

2018). The mPFC, in contrast, has been suggested to have a number of possible roles that 

could influence episodic detail generation. Several theories suggest that the mPFC promotes 

episodic detail generation by mediating access to event features (McCormick et al., 2018; 

Barry et al., 2019) and sustaining their elaboration during recollection (Ritchey & Cooper, 

2020), or by aiding the hippocampus in integrating contextual and item memory (Ritchey, 

Libby & Ranganath, 2015). Other theories suggest that mPFC involvement can skew 

episodic recollection towards more schematic representations or schema-guided retrieval 

of details, when sufficient to fulfill the goals of the recollection situation (Sekeres, Winocur 

& Moscovitch, 2018). This may enhance the generation of semantic details, possibly with 

the added effect of dampening episodic detail generation. In summary, engagement of the 

posterior, parieto-occipital components of the PMN is hypothesized to support episodic 

detail generation during autobiographical recollection, while there are competing hypotheses 

as to whether engagement of the mPFC would result in increased or decreased episodic 

detail generation.
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1.2. Evidence for individual differences using structural and functional MRI

A handful of studies have provided evidence that individual differences in episodic detail 

generation can be mapped to variability in the structural integrity of the PMN. Studies have 

shown that a greater amount of episodic details generated during autobiographical memory 

narration is associated with larger volumes in hippocampal (Irish et al., 2014), precuneus 

(Ahmed et al., 2018), posterior cingulate (Esopenko & Levine, 2017; Irish et al., 2014), and 

mPFC regions (Irish et al., 2014; Esopenko & Levine, 2017) in clinical populations (e.g. 

dementia and traumatic brain injury), as well as larger hippocampal subfield volumes in 

healthy young adults (Palombo et al., 2018). Studies using diffusion tensor imaging have 

similarly found that increased episodic detail generation is associated with greater white 

matter integrity, as measured via fractional anisotropy, for tracts connecting hippocampal, 

mPFC and posterior parietal regions including the cingulum (Irish et al., 2014; Memel et 

al., 2020), the fornix (Hodgetts et al., 2017; Memel et al., 2020; Williams et al., 2020) and 

the genu (Irish et al., 2014). Variability in the integrity of PMN regions and its connections, 

therefore, may partially account for why some individuals describe autobiographical events 

in richer episodic detail compared to others.

In addition to structural properties, examining functional characteristics of the PMN is 

important for understanding how this network contributes toward individual differences in 

the ability to generate episodic details. Current theories propose that information processing 

within the PMN relies on a complex system of both direct and indirect connections between 

network nodes (Cooper & Ritchey, 2019; Raganath & Ritchey, 2012; Ramanan, Piguet, 

& Irish, 2018; Reagh & Ranganath, 2018). Resting state fMRI enables the identification 

of regions that show synchronized fluctuations in the BOLD signal, capturing ‘intrinsic’, 

well-established patterns of functional interactions that do not necessarily have direct 

monosynaptic axonal connections (Greicius et al., 2009). Thus, resting state fMRI can 

provide us with a means of exploring how individual variability in PMN functional 

connections might impact the amount of episodic details provided during autobiographical 

narration tasks that occur outside the scanner. In support of this viewpoint, in a seed based 

resting state fMRI study of healthy young adults, Sheldon et al. (2016) observed that a 

greater self-reported tendency to remember events in rich episodic detail was associated 

with higher resting state functional connectivity (rsFC) between MTL seeds (posterior 

hippocampi and parahippocampal gyri) and medial parieto-occipital regions such as the 

posterior cingulate. No such relationship with the episodic detail measure, however, was 

noted for rsFC between the MTL seeds and the mPFC.

1.3. Understanding normal age-related changes in episodic detail generation

It is well-established that cognitively normal older adults tend to provide fewer episodic 

details, and more non-episodic details, when recounting autobiographical events relative 

to young adults (Acevedo-Molina, Matijevic, & Grilli, 2020; Robin & Moscovitch, 2017; 

Gaesser et al., 2011; St Jacques, & Levine, 2007; Addis, Wong & Schacter, 2008; Levine 

et al., 2002). There is also evidence to suggest that, among older adults, increasing age 

is associated with reduced episodic detail (Wank et al., 2020). Alterations to the PMN 

could contribute toward the age-related decreases in episodic detail generation given the 

prior evidence indicating that PMN integrity accounts for variability in episodic detail 
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richness across various adult populations, including older adults. For example, Memel 

et al. (2020) noted, within a sample of older adults, that episodic detail generation was 

positively associated with fractional anisotropy of tracts connecting regions of the PMN, 

namely the fornix and cingulum. The potential moderating impact of age on these brain-

behavior relationships was not directly tested, however, and thus it is still an open question 

as to whether age differences in episodic detail generation are related to age-associated 

modifications to PMN structural or functional integrity.

Exploring how age impacts the relationship between PMN functional connectivity and 

episodic detail generation could be particularly illuminating for our understanding of 

age-related episodic detail generation reductions, given the possible complexities of PMN 

rsFC alterations within aging. The PMN is identified through resting state fMRI as a 

subcomponent of the broader default network (Andrews-Hanna et al., 2010; Ritchey & 

Cooper, 2020), which commonly shows reduced rsFC among network regions in older adults 

(Andrews-Hanna et al., 2007; Damoiseaux et al., 2008; Betzel et al., 2014). However, in a 

more recent longitudinal study, Staffaroni et al. (2018) noted a non-linear trajectory of rsFC 

changes within the default network characterized by a trend toward rsFC increases from 

age 50 – 66 that shifts after age 74 to a significant rsFC decline. There is also evidence of 

rsFC decreases and increases co-occurring within the default network in aging, with more 

pronounced rsFC increases in the anterior portion of the default network and decreases in the 

posterior default network (Jones et al., 2011).

The behavioral consequences of age-related rsFC weakening or strengthening within the 

default network, and by extension PMN, could be distinct and emerge from different 

mechanisms (Andrews-Hanna, Smallwood & Spreng, 2014). According to the integrity 

hypothesis of default network functioning (Andrews-Hanna, Smallwood & Spreng, 2014; 

Andrews-Hanna, Grilli, & Irish, 2019), weakened rsFC can reflect structural and functional 

age-related alterations that compromise supported cognitive functions, which may include 

episodic detail generation during autobiographical narration. Decreased rsFC within the 

default network, and specifically PMN, would thus correlate with fewer episodic details 

among older adults. However, Hillary et al. (2015) argues that a compensatory increase in 

rsFC is the brain’s initial response to neural damage, such as in conditions like traumatic 

brain injury or mild cognitive impairment. A decline in rsFC is theorized to begin only 

once a critical loss of neural resources occurs, such as the severe atrophy in Alzheimer’s 

disease, and compensatory hyperconnectivity can no longer be maintained. With regards to 

aging, overuse of the default network and PMN “at rest” could thus signal poorer network 

efficiency, and increased rsFC would correlate to decreased episodic detail generation.

Rather than reflecting a loss of PMN integrity, episodic detail reductions in aging could also 

result from changes in how individuals engage with autobiographical memory recollection 

(Andrews-Hanna, Grilli, & Irish, 2019). Older adults may take on a recollection mode 

that favors schema-based or ‘semanticized’ representations of events over the retrieval of 

fine grain details, in order to best serve socio-motivational goals that focus on meaning 

making and emotional regulation (Carstensen, Isaacowitz, & Charles, 1999) and capitalize 

on a wealth of accumulated schemas and semantic knowledge (Spreng et al., 2018). If 

this process is occurring within aging, it may be supported by interactions between the 
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hippocampus and mPFC, which are theorized to facilitate schema-driven memory retrieval 

(Sekeres, Winocur & Moscovitch, 2018; Guo & Yang, 2020). Thus, increased rsFC between 

the hippocampus and mPFC could relate to decreased episodic detail generation among 

older adults, but also increased semantic detail generation.

1.4. Present study

In the present study, we explore the questions raised here regarding the association between 

episodic detail generation and PMN rsFC in relation to normal cognitive aging. We assessed 

individual differences in autobiographical memory retrieval and rsFC in a group of 41 

cognitively normal middle-aged and older adults (ages 52 – 81) and compared the older 

adult group to 21 young adults (ages 19 – 35). Measures of rsFC for an anterior division of 

PMN connections (mPFC and hippocampus) and a posterior division of PMN connections 

(parieto-occipital regions, parahippocampal cortex and hippocampus) were examined for 

associations with the amount of episodic detail participants generated while recalling 

autobiographical events in a separate behavioral session, using the Autobiographical 

Interview (Levine et al., 2002) scoring protocol.

We hypothesized that greater age would be associated with decreased episodic detail and 

elevated non-episodic (semantic and ‘miscellaneous’) details, both when comparing young 

and older adults and when analyzing age as a continuous variable within the older adult 

group. Based on the existing literature, we expected young adults to show greater PMN 

rsFC compared to the older adults; within the older adult group, we accounted for the 

possibility that age could have a non-linear effect on PMN rsFC. We considered three 

possible hypotheses as to brain-behavior relationships within the older adult group: 1) 

decreased PMN rsFC would be associated with lower episodic detail, resulting from a loss 

of PMN integrity, 2) increased PMN rsFC would be associated with lower episodic detail, 

reflecting functional compensation in response to a loss of PMN integrity, and 3) increased 
rsFC, specifically within mPFC to hippocampus connections, would be associated with 

lower episodic detail and greater semantic detail, resulting from the ‘semanticization’ of 

autobiographical recollection. To ascertain whether any of these outcomes within our older 

adult group were actually related to alterations with age, and not simply a reflection of 

general age-invariant relationships between PMN rsFC and episodic detail generation, we 

tested whether age moderated the effects of rsFC on behavior. Specifically, we compared 

brain-behavior relationships between younger and older adults and tested for an interaction 

between years of age and rsFC within the older adult group.

2. Methods

2.1. Participants

The sample consisted of 41 cognitively normal, community dwelling older adults (ages 52 

– 81) recruited from Tucson, Arizona. Data from 29 of these participants were included 

in Memel et al. (2020). Additionally, a group of 21 young adults (ages 19 – 35) were 

recruited from the University of Arizona and Tucson area. Young and older adults did not 

differ in terms of education or sex (see Table 1). Participants were screened and excluded 

for neurological disorders, drug/alcohol abuse, psychiatric disorders, traumatic brain injury, 
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and MRI contraindications. All participants scored within normal limits on the Mini Mental 

Status Exam (Folstein, Folstein & McHugh, 1975). Written, informed consent was obtained 

in accordance with the guidelines set by the University of Arizona’s institutional review 

board.

2.2. Autobiographical Interview

A detailed description of the Autobiographical Interview testing protocol used in this study 

can be found in Memel et al. (2020), adapted from Levine et al. (2002). Briefly, participants 

in the older adult group were asked to narrate in detail three memories of specific events 

from the recent past. An event was retrieved from each of the following time periods: 5 years 

to 1 year prior to the experiment, 1 year to 1 week prior to the experiment, and the week 

prior to the experiment (excluding the day of the experiment). A subset of participants (n = 

20) also described three remote events, but these data were not included in the present study. 

Participants were given a limit of five minutes to describe each memory.

The instructions given to the younger adult participants partially differed in terms of the 

time periods they were asked to retrieve events from. Like the older adults, younger adults 

retrieved an event from 1 year to 1 week prior to the experiment, and an event from the week 

prior to the experiment. As an event 5 years to 1 year prior to the experiment would qualify 

as a childhood memory for some younger adults, the younger adult participants were simply 

asked to retrieve an event from childhood. All other instructions were equivalent to those 

received by the older adults. To more closely match the older adult data, details for only the 

two recent event memories were analyzed for the younger adults.

Memory narratives were recorded, transcribed, and scored for the types of details provided. 

In accordance with the original Autobiographical Interview scoring guidelines (Levine et al., 

2002), we coded for ‘internal’ details that occurred during or characterized the specific event 

recalled. We subsequently refer to these ‘internal’ details as episodic details. The episodic 

detail category consisted of five sub-categories – event details (i.e. what occurred during the 

event), time details, place details, perceptual details, and thought/emotion details. We also 

coded for semantic details, which included autobiographical knowledge and general world 

knowledge. Repeated information, details pertaining to other events, and metacommentary 

were grouped together into a ‘miscellaneous’ category. The memories were scored by one 

trained rater who achieved excellent reliability with a secondary rater who scored 20 of 

the participants, as well as expert scorers from the Autobiographical Interview training 

materials, for the three detail types (i.e., episodic, semantic, and miscellaneous) and each 

of the sub-types (e.g., event details, time details) (Cronbach alpha’s ≥ .90). For each 

participant, the number of details generated across the three memories (two, for the young 

adults) were averaged by type. Episodic specificity was calculated as the ratio of episodic 

details to total details generated, which accounts for differences in narrative length.

2.3. MRI Acquisition and Pre-processing

MRI data were acquired with a 3.0 T Siemens Skyra scanner equipped with a 32 channel 

head coil. High-resolution, 3D T1-weighted (T1w) images was collected using an MPRAGE 

sequence with the following parameters: TR = 2300 ms, TE = 2.95 ms, FOV = 270 mm, 
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slice thickness = 1 mm, in-plane resolution = 1.1 × 1.1 mm. Participants were asked to keep 

their eyes open and fixated on a white crosshair during a 6 minute resting state BOLD fMRI 

scan, collected with a 2D EPI sequence (45 axial slices, 121 volumes, TR = 3000 ms, TE = 

26 ms, FOV = 224 mm, slice thickness = 3 mm, in-plane resolution = 3 × 3 mm).

T1w images underwent manual visual inspection to ensure quality and absence of 

pathological brain abnormalities. The resting state BOLD time-series were run through 

MRIQC’s automated quality assessment workflows to derive image quality metrics (Esteban 

et al., 2017). We excluded data from 2 young and 2 older participants (not included within 

the demographic reports) due to motion-related quality issues, determined on the basis of 

MRIQC’s quality metrics and visual inspection. Participants were excluded for exceeding 

a motion threshold of 0.8 mean framewise displacement, or for re-positioning during the 

scan such that the FOV coverage did not encompass the entire cerebrum. Mean framewise 

displacement was significantly greater in the older adult group compared to the young adults 

(t = −3.17, p = 0.002). Because in-scanner head motion can confound the results of rsFC 

analyses (Power et al., 2012; Kato et al., 2020), we decided to employ ICA-based Automatic 

Removal Of Motion Artifacts (ICA-AROMA, Pruim et al., 2015) as part of our denoising 

procedure (described in full later). ICA-AROMA’s ‘non-aggressive’ denoising strategy 

detects signal components related to motion and subtracts the signal variance associated 

with these components from the data, which has been shown to lessen correlations between 

rsFC and motion measures (Dipasquale et al., 2017).

Anatomical and functional data were pre-processed utilizing fMRIPrep 1.4.0 (Esteban 

et al., 2019; RRID:SCR_016216), a Nipype 1.2.0 based tool (Gorgolewski et al., 2011; 

RRID:SCR_002502). FMRIPrep is an automated pre-processing pipeline that flexibly 

employs tools from a variety of neuroimaging software packages, in order to optimize 

each pre-processing step. Many internal operations of fMRIPrep use Nilearn (Abraham et 

al., 2014, RRID:SCR_001362), mostly within the functional processing workflow. For more 

details, see https://fmriprep.org/en/1.4.0/workflows.html.

Utilizing tools from Advanced Normalization Tools (ANTs 2.2.0), T1w images were 

corrected for intensity non-uniformity using the N4BiasFieldCorrection algorithm (Tustison 

et al., 2010) and skull-stripped via a template-based brain extraction procedure (using 

the OASIS30ANTS template). Spatial normalization of T1w images to MNI space was 

performed through nonlinear registration with ANTs, using brain-extracted versions of both 

the T1w images and the ICBM 152 Nonlinear Asymmetrical template version 2009c (Fonov 

et al., 2009, RRID:SCR_008796). Brain tissue segmentation of cerebrospinal fluid (CSF), 

white matter and gray matter was performed on the brain-extracted T1w images using FSL’s 

FAST (FSL 5.0.9, RRID:SCR_002823, Zhang, Brady, & Smith, 2001).

Each participant’s functional data was slice time corrected with AFNI’s 3dTshift (Cox and 

Hyde, 1997, RRID:SCR_005927) and motion corrected with FSL’s MCFLIRT (Jenkinson 

et al., 2002). This was followed by co-registration to the participant’s corresponding T1w 

image using boundary-based registration (Greve & Fischl, 2009) with nine degrees of 

freedom, via FSL’s FLIRT (Jenkinson and Smith, 2001). Motion correcting transformations, 

the BOLD-to-T1 transformation and T1-to-template (MNI) warp were concatenated and 
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applied in a single step using antsApplyTransforms (ANTs) with Lanczos interpolation, 

resulting in the functional data normalized to MNI space.

From the MNI normalized functional data, mean signals were calculated from voxels within 

the CSF and white matter separately for use as nuisance regressors. Spatial smoothing 

was applied using an isotropic Gaussian kernel of 6mm FWHM. Following smoothing, 

ICA-AROMA was performed to remove motion-related noise from the data. Tools from the 

CONN toolbox 18.a (www.nitrc.org/projects/conn, RRID:SCR_009550; Whitfield-Gabrieli 

& Nieto-Castanon, 2012) were used to further denoise the MNI normalized, smoothed 

and ICA-AROMA denoised outputs from fMRIPrep. A band pass filter (0.008 – 0.09 Hz) 

was applied to the functional data, preceded by linear detrending and nuisance regression 

of subject-specific measures: mean white matter signal, mean CSF signal and functional 

volumes that had been identified as non-steady state outliers by fMRIPrep.

2.4. Resting State fMRI ICA and ROI analyses

ICA and region of interest (ROI) correlations were performed using the CONN toolbox. 

A group ICA was performed on all participant functional data (from both young and 

older adult groups), with 20 unique components specified as the number of components 

to generate. From the group ICA output, we identified a component whose spatial 

map corresponded to the canonical default network and thresholded this map at z-score 

> 2. Voxel clusters within the following regions were identified as positively loading 

onto the thresholded default network component (MNI coordinates in brackets): anterior 

mPFC/ventral mPFC/anterior cingulate (0, 42, 3), right hippocampus (25, −20, −16), left 

hippocampus (−23, −21, −15), left parahippocampal cortex (−27, −35, −13), right lateral 

parietal cortex (44, −61, 36), left lateral parietal cortex (−39, −65, 38), posterior cingulate/

precuneus (0, −51, 30), left thalamus (−4, −19, 8), left frontal pole (−23, 62, 10), and left 

superior/middle frontal gyri (−22, 29, 43). Masks were created from the voxel clusters 

in order to extract, from each participant, the average BOLD timeseries within ROIs 

(see Figure 1), namely those that corresponded to the PMN (anterior mPFC/ventral mPFC/

anterior cingulate, posterior cingulate/precuneus, left and right lateral parietal cortices, left 

and right hippocampi, and left parahippocampal cortex).

For each participant, bivariate Pearson correlations were calculated for the average BOLD 

timeseries between pairs of ROIs (see Supplemental Tables 1 & 2 for average correlation 

values per age group). A Fischer z-transformation was applied to all correlation coefficients. 

Averaging these Fischer transformed correlation coefficients, we computed composite 

measures of anterior PMN and posterior PMN rsFC strength for use in our analyses. 

The anterior PMN measure was the average of correlations between the anterior cingulate/

anterior mPFC/ventral mPFC and hippocampal ROIs, while the posterior PMN measure 

was the average of correlations between and among hippocampal, parahippocampal and 

parieto-occipital ROIs (see Figure 2). We were motivated to divide PMN connections 

into anterior and posterior components based on previous evidence suggesting variation 

in how age impacts anterior and posterior portions of the default network (Jones et al., 

2011), and because we raised a hypothesis specific to anterior PMN (mPFC – hippocampal) 

connectivity.
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2.5. Statistical analyses

Our first set of analyses assessed the impact of age on episodic detail amounts and 

episodic specificity, as well as semantic and miscellaneous detail amounts. We compared 

the behavioral measures between younger and older adult groups using Welch’s t-test, which 

is more robust to unequal variances stemming from group size imbalance. Within the older 

adult group, we computed Pearson bivariate correlations between years of age and the 

behavioral measures.

Second, we explored whether age influenced rsFC strength between age groups and within 

the older adult group for the anterior and posterior PMN measures. We compared rsFC 

strength between younger and older adult groups using Welch’s t-tests. Motivated by prior 

findings of non-linearity in default network rsFC alterations with age, we tested for both 

linear and quadratic effects of age on rsFC using polynomial regression models.

Next, we examined relationships between episodic detail generation and PMN rsFC within 

the older adult group and explored the impact of age on these relationships. First, linear 

regressions assessed the effects of rsFC strength on episodic detail and specificity within the 

older adult group. We tested whether significant brain-behavior relationships observed in the 

older adult group were also present for the younger adults, by modeling age group (younger 

adults, older adults), rsFC, and age group * rsFC interaction as predictors of behavior 

in regressions using the full sample. To determine whether age as a continuous variable 

influenced brain-behavior relationships among older adults, we performed regressions 

within the older adult group with years of age, rsFC and age * rsFC interaction modeled as 

predictors of behavior. Age and the rsFC measures were all mean centered prior to inclusion 

within these regression models

Post-hoc analyses included an examination of episodic detail sub-types and their 

associations with the two rsFC measures among the older adults. Also within the older adult 

group, we more explicitly tested the ‘semanticization’ hypothesis by assessing the impact 

of age, rsFC, and age * rsFC interaction on semantic detail generation. Age and the rsFC 

measures were mean centered.

3. Results

3.1. Behavioral Age Differences

Comparing Younger Adults vs. Older Adults—The event narratives from the younger 

adults showed greater episodic specificity than the narratives produced by older adults 

(Welch’s t(55.42) = 7.01, p < 0.001, younger mean = 0.83, older mean = 0.64). Interestingly, 

the amount of episodic detail was not significantly lower for the older adult group relative 

to the younger adult group (Welch’s t(33.44) = 1.55, p = 0.130, younger mean = 43.74, 

older mean = 35.91; see Figure 3). Older adults provided greater amounts of semantic detail 

(Welch’s t(57.42) = −6.18, p < 0.001, younger mean = 4.24, older mean = 13.76), but not 

miscellaneous detail (Welch’s t(38.31) = −1.01, p = 0.317, younger mean = 5.14, older mean 

= 6.28) compared to the younger adults.
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Individual Differences Among Older Adults—Within the older adult group, 

increasing age was associated with a tendency to narrate events with fewer episodic details 

(r(39) = −0.42, p = 0.006) and lower episodic specificity (r(39) = −0.42, p = 0.006; see 

Figure 4). Age was not correlated with either semantic details (r(39) = 0.03, p = 0.830) or 

miscellaneous details (r(39) = 0.13, p = 0.426).

3.2. rsFC Age Differences

Despite age-associated behavioral differences, younger and older adult groups did not show 

significant differences in rsFC strength for the anterior PMN (Welch’s t(42.14) = 0.90, p = 

0.375) or posterior PMN (Welch’s t(51.87) = −0.37, p = 0.714), rsFC measures. Similarly, 

rsFC strength did not vary across age within the older adult group for the anterior PMN 

(linear: β = 0.28, p = 0.073, quadratic: β = −0.18, p = 0.249, model R2 adj. = 0.06) or 

posterior PMN (linear: β = 0.20, p = 0.227, quadratic: β = 0.02, p = 0.890, model R2 adj. = 

−0.01) rsFC measures.

3.3. Effects of rsFC on Episodic Detail Generation Among Older Adults & Differences 
with Age

Individual Differences Among Older Adults—Within a simple linear regression, 

anterior PMN rsFC significantly predicted episodic detail (β = −0.46, p = 0.003, R2 = 

0.21). This relationship indicates that stronger anterior PMN rsFC is associated with fewer 

episodic details (see Figure 5). There was no significant effect of posterior PMN rsFC on 

episodic detail (β = −0.29, p = 0.066, R2 = 0.08). The episodic specificity measure was not 

significantly predicted by anterior PMN rsFC (β = −0.29, p = 0.063, R2 = 0.09), or posterior 

PMN rsFC (β = −0.20, p = 0.212, R2 = 0.04).

Comparing Younger Adults and Older Adults—Because we observed that stronger 

anterior PMN rsFC predicted decreased episodic detail within the older adults, we examined 

this association within the full sample and tested for an interaction between age group and 

rsFC in order to determine if the relationship was unique to older adults. A significant age 

group * rsFC interaction (β = 0.35, p = 0.008, model R2 adjusted = 0.14) indicated an 

age group difference in the relationship between anterior PMN rsFC and episodic detail 

generation. Stronger anterior PMN rsFC was associated with fewer episodic details in the 

older adult group (r(39) = −0.46, p = 0.003), as we previously noted, but there was no such 

significant relationship between rsFC and episodic detail among the younger adults (r(19) = 

0.26, p = 0.254; see Figure 5).

Age Differences in Brain-behavior Relationships Among Older Adults—We 

tested whether years of age interacted with rsFC to influence episodic detail and episodic 

specificity within the older adult group, in order to determine if the effects of PMN rsFC 

on behavior varied with age. The addition of age and age * rsFC interaction terms into each 

regression model left main effects of rsFC on episodic detail among older adults essentially 

unchanged (see Supplemental Table 3). We did not find evidence that age significantly 

moderated the relationships between episodic detail and rsFC strength for the anterior PMN 

(β = −0.08, p = 0.569, model R2 adj. = 0.25) or posterior PMN (β = 0.12, p = 0.427, 

model R2 adj. = 0.17). Likewise, the interaction between age and posterior PMN rsFC 
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was also non-significant for episodic specificity (β = −0.22, p = 0.136, model R2 adj. = 

0.18). However, age significantly moderated the relationship between episodic specificity 

and anterior PMN rsFC (β = −0.34, p = 0.021, model R2 adj. = 0.26). To explore the 

significant interaction, we computed simple slopes for the association between anterior PMN 

rsFC and episodic specificity, testing effects of holding age constant at the mean age (68.59 

years), one SD below the mean age (61.6 years), and one SD above the mean age (75.57 

years). The slope significantly differs from zero when age is held at 75.57 years (slope = 

−0.26, p = 0.012), but not at 68.59 years (slope = −0.10, p = 0.144) or at 61.6 years (slope = 

0.05, p = 0.579). Among older adults, an association between stronger anterior network rsFC 

and lower episodic specificity appears as age increases (see Figure 6).

3.4. Post-Hoc Analyses

Associations Between rsFC and Episodic Detail Sub-types—Because the effect 

of posterior PMN rsFC on episodic detail approached significance, and because Ahmed et 

al. (2018) demonstrated a specific relationship between perceptual details and precuneus 

volume, we speculated that posterior PMN rsFC could have a more targeted effect on 

specific episodic detail sub-types that would not show through in our analyses of total 

episodic detail. Specifically, we hypothesized that posterior PMN rsFC might be more 

closely related to details relating to place, time and perceptual information than other details. 

To explore this possibility, we performed post hoc correlations between the episodic detail 

sub-types and the two rsFC measures in our older adult group.

The results of these analyses are shown in Table 2. Anterior PMN rsFC was significantly 

associated with event details (r = −0.45, p = 0.003, FDR corrected p = 0.017) and thought/

emotion details (r = −0.45, p = 0.003, FDR corrected p = 0.017). There was a significant 

correlation between posterior PMN rsFC and event details that did not survive FDR 

correction (r = −0.31, p = 0.048, FDR corrected p = 0.159). Across all these associations, 

stronger rsFC was related to fewer details.

Association of rsFC to Semantic Detail Generation Among Older Adults 
& Moderation by Age—We hypothesized that interactions between the mPFC and 

hippocampus could contribute toward an age-related ‘semanticization’ of autobiographical 

recollection, or increased reliance on semantic over episodic retrieval, such that greater 

mPFC – hippocampal connectivity (captured within our anterior PMN rsFC measure) would 

relate to decreased episodic detail and increased semantic detail generation. The results 

of our rsFC and episodic detail generation analyses provide evidence consistent with this 

hypothesis, particularly the finding that decreased episodic specificity, the ratio of episodic 

to total combined details, becomes associated with heightened anterior PMN rsFC as age 

increases among older adults. Although the episodic specificity measure provides insight 

into the relationship between episodic and semantic detail, it is not an exact test of this 

relationship per se, as miscellaneous details also factor into its calculation. Therefore, as 

a follow-up analysis, we sought to more explicitly test the ‘semanticization’ hypothesis, 

by modeling age, rsFC, and age by rsFC interaction as predictors of semantic details and 

a semantic density score within the older adult group. The semantic density score was 

calculated as the ratio of semantic details to the sum of episodic and semantic details 
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to more precisely capture the relationship between episodic and semantic details within 

the memory narratives. We expected stronger rsFC to predict greater semantic detail and 

semantic density, especially with increasing age, for the anterior PMN but not the posterior 

PMN.

There were no main effects of rsFC on semantic detail for the anterior PMN (β = 0.04, p 
= 0.832, model R2 adjusted = −0.03) or posterior PMN (β = 0.13, p = 0.383, model R2 

adjusted = 0.14) among the older adults. Likewise, there were no main effects of rsFC on the 

semantic density score for either the anterior PMN (β = 0.21, p = 0.169, model R2 adjusted 

= 0.15) or posterior PMN (β = 0.19, p = 0.211, model R2 adjusted = 0.18). However, an 

age by posterior PMN rsFC interaction was significant for both semantic detail (β = 0.45, 

p = 0.004, model R2 adjusted = 0.14) and semantic density (β = 0.32, p = 0.031, model R2 

adjusted = 0.18). In contrast, there was no significant age by anterior PMN rsFC interaction 

for either semantic detail (β = 0.21, p = 0.211, model R2 adjusted = −0.03) or semantic 

density (β = 0.23, p = 0.134, model R2 adjusted = 0.15).

Simple slope analyses of the two age by posterior PMN rsFC interactions revealed a similar 

pattern of results (see Figure 7). For the association between posterior PMN rsFC and 

semantic detail, simple slopes were non-significant at the mean age of 68.59 (slope = 5.21, 

p = 0.383) and at 61.6 years of age, one SD below the mean age (slope = −12.90, p = 

0.100). The slope was significant at 75.57 years of age, one SD above the mean age (slope 

= 23.33, p = 0.014). For the association between posterior PMN rsFC and semantic density, 

simple slopes were again non-significant at age 68.59 (slope = 0.13, p = 0.211) and age 

61.6 (slope = −0.10, p = 0.448), but significant at age 75.57 (slope = 0.35, p = 0.027). 

These results indicate that stronger posterior PMN rsFC becomes associated with increased 

semantic detail and higher semantic density as age increases.

Comparing Young vs. Middle-Old vs. Older-Old Adults—Motivated by the lack 

of clear age group differences for episodic detail and rsFC measures, we conducted the 

following post-hoc analyses. The older adult group was split by the median age (69 years) 

to create a middle-old group (N = 19, mean age = 62, ages 52 – 68) and an older-old 

group (N = 22, mean age = 74, ages 69 – 81). The two older adult groups did not differ in 

years of education. Using one-way ANOVAs to test for differences in the detail measures 

across the three age groups (young, middle-old, older-old), we found significant effects of 

age group on episodic detail (F(2,59) = 5.25, p = 0.008), episodic specificity (F(2,59) = 

24.31, p < 0.001), and semantic detail (F(2,59) = 14.49, p < 0.001), but not miscellaneous 

detail (F(2,59) = 0.95, p = 0.39) (see Figure 8). The older-old group produced less episodic 

detail than the younger adults (Welch’s t(34.91) = 2.74, p = 0.01) and the middle-old group 

(Welch’s t(36) = 3.08, p = 0.004), but younger adults and the middle-old group did not 

differ (Welch’s t(37.21) = 0.04, p = 0.97). In contrast, younger adults provided less semantic 

detail than the middle-old group (Welch’s t(28.97) = −5.08, p < 0.001) and older-old group 

(Welch’s t(35.91) = −4.74, p < 0.001), while the middle-old and older-old groups did not 

differ (Welch’s t(37.38) = 0.67, p = 0.51). Episodic specificity was higher for younger 

adults compared to the middle-old group (Welch’s t(35.35) = 4.79, p < 0.001) and the 

older-old group (Welch’s t(35.82) = 6.79, p < 0.001), and also higher for the middle-old 

group compared to the older-old group (Welch’s t(38.39) = 2.40, p = 0.021).
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Despite age differences in the brain-behavior relationships, there were no age differences in 

the rsFC measures. Using one-way ANOVAs to test for differences in the rsFC measures 

across the three age groups, there were no significant effects of age group on either anterior 

PMN rsFC (F(2,59) = 2.12, p = 0.13) or posterior PMN rsFC (F(2,59) = 1.70, p = 0.19).

4. Discussion

The present study sought to characterize the extent to which episodic detail generation 

is related to individual differences in rsFC within the PMN, and to determine whether 

these brain-behavior relationships are affected by aging. We demonstrated that the pattern 

of details generated during autobiographical memory recollection differs in complex ways 

between younger and older adults, and across older adults of varying ages. Our results also 

provided novel evidence that among older adults, the ability to construct autobiographical 

event narratives with rich episodic detail is associated with rsFC patterns within the PMN. 

Specifically, we demonstrated that stronger connectivity within the PMN related to reduced 

episodic detail generation, as well as increased semantic detail generation, among older 

adults. Age differences were found in these brain-behavior relationships, such that the 

association between anterior PMN rsFC and episodic detail within the older adult group 

was not present for younger adults, and also that age moderated certain brain-behavior 

relationships among the older adults. Further details of the results, and their implications, are 

discussed below.

Age differences in detail generation among younger and older adults

On average, episodic specificity was higher for event memory narratives produced by the 

younger adults compared to narratives produced by the older adults, even though the amount 

of episodic details within the narratives did not substantially differ between the two age 

groups. This divergence could be explained by the finding that older adults generated a 

greater amount of non-episodic content, particularly semantic details, relative to the younger 

adults, consistent with previous studies (Acevedo-Molina, Matijevic, & Grilli, 2020; Robin 

& Moscovitch, 2017; Gaesser et al., 2011; St Jacques, & Levine, 2007; Addis, Wong & 

Schacter, 2008; Levine et al., 2002). The lack of an age group difference in the amount 

of episodic details generated, though not entirely unprecedented (Wank, Andrews-Hanna & 

Grilli, 2021), was still somewhat surprising given the previous literature (Acevedo-Molina, 

Matijevic, & Grilli, 2020; Robin & Moscovitch, 2017; Gaesser et al., 2011; St Jacques, & 

Levine, 2007; Addis, Wong & Schacter, 2008; Levine et al., 2002). Importantly, however, 

within the older adult group, episodic detail and episodic specificity both decreased linearly 

with increasing age, suggesting that the inclusion of participants aged 52 to 65, within 

middle-age, could account for the lack of a clear group difference between younger and 

older adults. In support of this idea, the post-hoc analysis splitting older adults into 

two groups of individuals below and above 69 years of age showed that episodic detail 

amounts significantly differed between the younger adults and “older-old” group, but not 

between the younger adults and “middle-old” group. A similar pattern of results was 

seen when the age groups were compared only on the episodic details generated for the 

two event memories that younger and older adults retrieved from equivalent time periods 

(see Supplemental Results). Altogether, these results are consistent with the notion that 
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episodic details decrease with age, but they also indicate that this decrease may not appear 

prominently until the 7th and 8th decades of life. In contrast, although semantic detail was 

increased for older adults relative to younger adults, it was not linearly related to increasing 

age, suggesting that the increase in semantic detail might actually precede the decrease 

in episodic detail with age. Episodic specificity also decreases with age, reflecting the 

combination of decreased episodic detail generation and steady generation of non-episodic 

information during autobiographical event narration by older adults.

The present findings raise the question of when in the adult lifespan are age differences 

in detail generation apparent? The answer to this question will likely have implications for 

theories on autobiographical memory and aging. For instance, if we interpret these findings 

as an indication that the age-related increase in semantic detail generation plateaus by the 

mid-50’s, while episodic detail generation steadily declines into the 7th and 8th decades, 

then it complicates arguments that increased inclusion of semantic detail is compensating 

for episodic reductions in the event narratives produced by older adults. These results 

point to the limitations of younger and older adult group comparisons that are most often 

employed in studies of memory and aging. In order to better understand the trajectory of age 

differences in autobiographical recollection, future research that includes participants across 

the full range of the adult lifespan is needed to clarify when these differences emerge.

PMN rsFC does not differ with age

We observed no age differences in PMN rsFC between the younger and older adult 

age groups, or an age-related decrease in PMN rsFC within the older adult group. The 

post-hoc analyses of older adults split into two groups likewise failed to reveal any age 

differences in PMN rsFC. Age-related reductions in rsFC within the default network have 

been demonstrated across several studies, both in group comparisons between younger and 

older adults (Damosieaux et al., 2008; Andrews-Hanna et al., 2007; Grady et al., 2016), in 

examinations of individual differences within old age (Andrews-Hanna et al., 2007; Ng et 

al., 2016), and across the adult lifespan (Betzel et al., 2014). However, rsFC measures have 

been shown to be exquisitely sensitive to head motion artifacts, and differences in the degree 

of head motion across individuals and groups may confound results (Power et al., 2012; 

Kato et al., 2020). This poses a significant problem for studies of aging, since increasing 

age is associated with greater within-scan head motion (Savalia et al., 2017). Van Dijk, 

Sabuncu, and Buckner (2012) demonstrated that head motion relates to rsFC reductions 

within the default network, and that controlling for motion can attenuate a significant 

association between age and rsFC between default network regions. The implications of this 

finding are that age differences in default network rsFC will be more subtle than reported in 

studies that lack careful suppression of motion-related noise. The absence of an association 

between age and rsFC in the present study could be explained by the use of ICA-AROMA, 

a robust motion mitigation strategy, within our processing pipeline. In addition, variation 

across studies in the methods used for defining the default network, such as anatomically-

based versus ICA-based approaches, and for comparing functional connectivity between age 

groups could also contribute to the conflicting findings regarding default network alterations 

in aging. It may also be possible that the age range included in our sample of older adults 

may not represent the correct age distribution needed to capture a non-linear trajectory of 

Matijevic et al. Page 15

Neuropsychologia. Author manuscript; available in PMC 2023 February 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



rsFC shifts with aging, as Staffaroni et al. (2018) noted in a longitudinal study that rsFC 

within the default network only showed declines after age 70. A larger sample that included 

a greater proportion of ‘older’ old adults above age 80 perhaps could have enabled us to 

detect a non-linear pattern of change in rsFC within the older adult group.

PMN rsFC tracks with episodic detail generation among older adults

The number of episodic details generated by individuals within the older adult group 

was related to the strength of anterior PMN rsFC, with a similar trend also observed 

with posterior PMN rsFC. In a follow-up analysis, we noted selective associations 

between episodic detail sub-types and our PMN rsFC measures. For the anterior PMN, 

rsFC was correlated with event details and thought/emotion details. Posterior PMN rsFC 

was also related to event details, although this correlation was nonsignificant following 

multiple comparisons correction. The lack of an association between posterior PMN and 

place details in particular is interesting, given that a recent task-based fMRI study of 

the Autobiographical Interview showed that the generation of place details engages the 

parahippocampal cortex, angular gyrus and retrosplenial cortex (Gilmore et al., 2021). 

However, event details made up a majority of the episodic details that older adults provided 

(see Supplemental Figure 1), perhaps explaining the stronger relationship to PMN rsFC 

relative to other detail types, as well as the lack of an association between posterior PMN 

rsFC and place, time and perceptual details as hypothesized. Overall, the results of these 

brain-behavior analyses indicate that the strength of rsFC within the PMN is related to 

individual differences in episodic detail generation, among older adults.

Increased connectivity within the PMN was associated with fewer episodic details 

generated. In other words, among older adults there was a negative relationship between 

rsFC within the PMN and episodic detail, which was consistent across regions and detail 

sub-types. Prior evidence from Sheldon et al. (2016) noted a different relationship among 

young adults, that is, stronger rsFC between MTL and parieto-occipital regions was related 

to an increase in the self-reported tendency to remember events with rich episodic detail. 

This discrepancy could be attributed to age differences in PMN rsFC and episodic detail 

relationships. Consistent with this notion, the negative association between anterior PMN 

rsFC and episodic detail within the older adult group was not present in the younger adults. 

We note that our younger adult group was relatively small, which was why individual 

differences within the group were only assessed to compare against significant findings in 

the older adult group. With a sample size more adequate for exploring individual differences, 

we perhaps could have seen a significant positive relationship between episodic detail 

generation and posterior PMN rsFC among the younger adults, consistent with Sheldon et al. 

(2016).

That stronger anterior PMN rsFC predicts decreased episodic detail among older adults, 

but not younger adults, suggests that strengthened connectivity within the anterior PMN 

is not always associated with adverse outcomes for episodic detail generation. Rather, this 

particular relationship appears specific to late adulthood. Interestingly, while there was no 

effect of age on the association between anterior PMN rsFC and episodic detail within 

the older adult group, we did observe such an interaction for episodic specificity. Using 
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simple slope tests to evaluate the anterior PMN rsFC and episodic specificity relationship 

across three different ages within the older adult group, we found that stronger anterior 

PMN rsFC became associated with lower episodic specificity scores as age increased. This 

age-dependent effect provides additional support for the idea that the negative association 

between anterior PMN rsFC and episodic detail generation is unique to older adults, likely 

emerging as the result of changes within aging. Below, we discuss potential reasons as to 

why age might bring about this relationship.

Why does age modify the relationship between PMN rsFC and episodic detail generation?

In line with the idea that a loss of integrity in the default network will disrupt successful 

use of the cognitive functions it supports (Andrews-Hanna, Smallwood & Spreng, 2014; 

Andrews-Hanna, Grilli, & Irish, 2019), the age-dependent relationship between heightened 

anterior PMN rsFC and reduced episodic detail generation could be the consequence of 

damage or dysfunction within the anterior PMN. Increased rsFC within the anterior PMN 

might reflect the type of compensatory hyperconnectivity that Hillary et al. (2015) argue is 

a common response to neural damage. Therefore, reduced episodic detail generation would 

be related to strengthened anterior PMN rsFC among older adults, but not young adults, 

because network dysfunction is underlying the heightened connectivity among the older 

adults. However, as previously discussed, anterior PMN rsFC did not vary with age. If a 

compensatory increase in anterior PMN connectivity is occurring among the older adults, 

it is unclear how this age-associated rsFC increase would go undetected but still have an 

impact on behavior.

The age-dependent association between anterior PMN rsFC and episodic detail generation 

can also be viewed through the lens of the ‘semanticization’ hypothesis, the idea that older 

adults adopt a recollection mode that favors retrieval of semantic information over episodic 

details. Given the possible role of the mPFC and its interactions with the hippocampus in 

facilitating schema-guided retrieval, adoption of the ‘semanticized’ recollection mode by 

older adults may place a greater burden on mPFC and hippocampal connections, reflected 

at ‘rest’ as elevated connectivity. The association between heightened anterior PMN 

rsFC and reduced episodic detail generation might thus result from an increased reliance 

on anterior PMN interactions to accommodate age-related changes in autobiographical 

recollection strategies, rather than reflecting a loss of integrity within the PMN. However, 

the ‘semanticization’ hypothesis cannot account for the finding that stronger connectivity 

within the posterior PMN showed a similar, though subtle, relationship with decreased 

episodic detail generation among the older adults. Furthermore, anterior PMN rsFC did not 

seem to influence semantic detail generation among the older adults, as is expected by the 

‘semanticization’ hypothesis. Anterior PMN rsFC was not related to either semantic detail 

or semantic density, a measure assessing the relationship between semantic and episodic 

detail generation. Surprisingly, we instead saw age-dependent effects of posterior PMN 

rsFC on both semantic detail and density among older adults. Stronger posterior PMN 

rsFC was associated with greater semantic detail and higher semantic density, although 

this association only appeared as age increased. This unexpected finding, along with the 

age-dependent effects of PMN rsFC on episodic detail generation, point toward a complex 

pattern of PMN interactions underlying alterations to autobiographical memory recollection 
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in aging. Together, anterior and posterior connections of the PMN may jointly contribute 

toward, or at least reflect “at rest”, shifts in the balance of episodic and semantic detail 

generation with age.

The relationship demonstrated in the present study between heightened rsFC within 

the PMN and reduced episodic detail generation among older adults has a variety of 

interpretations as to its possible underlying mechanisms. While we cannot conclusively 

determine the most likely interpretation with the available data, we believe that future 

research efforts that adopt a multi-modality approach will be capable of disentangling 

these potential mechanisms. For example, resting state fMRI can be paired with task-based 

fMRI assessments of episodic and semantic autobiographical memory retrieval, in order 

to examine and compare PMN interactions during autobiographical recollection to rsFC 

patterns. This approach could provide insight as to whether the association between 

heightened PMN rsFC and poorer episodic detail generation among the elderly reflects 

either a diminishing ability to support episodic recollection or increasing involvement of 

semantic memory processes, or potentially both. Importantly, this approach could also 

elucidate the seemingly differential contributions of anterior and posterior connections to 

age-related alterations in detail generation. As well, research ought to be undertaken to 

discern whether age-related changes to the structural integrity of the PMN contribute to 

alterations in how PMN rsFC influences episodic detail generation. Further exploration 

of not just the PMN, but its interactions with other regions and networks implicated in 

memory, may also provide for a more comprehensive understanding of age differences in 

detail generation. One candidate is the lateral prefrontal cortex, as Spreng et al. (2018) 

previously noted that greater coupling between lateral prefrontal and default network regions 

was associated with increased generation of non-episodic details among older adults. 

Another candidate may be the anterior temporal network, as this network also involves 

the hippocampus and is theorized to contribute toward retrieval of conceptual, item-specific 

information from memory (Ritchey et al., 2015). Ideally, the results of the present study will 

generate a number of hypotheses for further exploration of the role of PMN interactions in 

supporting episodic detail generation, across the adult lifespan.
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Refer to Web version on PubMed Central for supplementary material.
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• Age differentially impacts episodic and semantic detail generation.

• MTL-neocortical resting state functional connectivity (rsFC) does not vary 

with age.

• Stronger MTL-neocortical rsFC relates to lower episodic detail generation 

among older adults.

• Associations between MTL-neocortical rsFC and episodic detail generation 

are age-dependent.

Matijevic et al. Page 24

Neuropsychologia. Author manuscript; available in PMC 2023 February 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
The PMN regions identified via ICA are overlaid on an MNI152 template. (L hippocampus 

= tan, R hippocampus = pink, L parahippocampal cortex = blue, anterior mPFC/ventral 

mPFC/anterior cingulate = red, posterior cingulate/precuneus = green, L lateral parietal 

cortex = yellow, R lateral parietal cortex = light blue).
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Figure 2. 
A depiction of the ROI-ROI correlations that are included within the anterior and posterior 

PMN rsFC measures. (amPFC = anterior mPFC, vmPFC = ventral mPFC, ACC = anterior 

cingulate cortex, PCC = posterior cingulate cortex, LPC = lateral parietal cortex, PHC = 

parahippocampal cortex).
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Figure 3. 
Boxplots display differences in total episodic details (A), episodic specificity (B), total 

semantic details (C) and total miscellaneous details (D) between young and older adult 

narratives. Black squares represent mean values, and black error bars represent the standard 

error.
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Figure 4. 
Scatterplots display age differences in total episodic detail (A) and episodic specificity (B), 

within the older adult group.
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Figure 5. 
Young vs. older adult group difference in the relationship between anterior PMN rsFC and 

episodic detail.
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Figure 6. 
Simple slopes illustrating the interaction between age and anterior PMN rsFC for effects 

on episodic specificity, among the older adults. Slopes for episodic specificity and rsFC 

relationships at 1 SD below the mean age (61.6 years) are plotted in red, slopes at the mean 

age (68.59 years) are plotted in blue, and slopes at 1 SD above the mean age (75.57 years) 

are plotted in green, as denoted in the figure legend.
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Figure 7. 
Simple slopes illustrating the interaction between age and posterior PMN rsFC for effects on 

semantic detail (A) and semantic density (B), among older adults. Slopes at 1 SD below the 

mean age (61.6 years) are plotted in red, slopes at the mean age (68.59 years) are plotted in 

blue, and slopes at 1 SD above the mean age (75.57 years) are plotted in green, as denoted in 

the figure legend (C).

Matijevic et al. Page 31

Neuropsychologia. Author manuscript; available in PMC 2023 February 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 8. 
Boxplots display differences in total episodic details (A), episodic specificity (B), total 

semantic details (C) and total miscellaneous details (D) between young, middle-old, and 

older-old adult narratives. Black squares represent mean values, and black error bars 

represent the standard error.
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Table 1.

Demographics of the study sample are presented, split by age group.

Younger adults (n=21) Older adults (n=41)

Age

 Mean (SD) 26.0 (4.20) 68.6 (6.99)

 Min, Max 19.0, 35.0 52.0, 81.0

Years of Education

 Mean (SD) 17.0 (1.72) 16.9 (2.28)

Sex

 Female 16 (76.2%) 29 (70.7%)

 Male 5 (23.8%) 12 (29.3%)
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Table 2.

Correlations between episodic detail sub-types and rsFC measures, within the older adult group. Significant 

p-values are shown in italics and bold.

Detail type rsFC measure Pearson r Original p-value FDR corrected p-value

Event Anterior PMN −0.446 0.003 0.017 

Place Anterior PMN −0.241 0.13 0.187

Time Anterior PMN −0.257 0.104 0.187

Thought/Emotion Anterior PMN −0.452 0.003 0.017 

Perceptual Anterior PMN −0.035 0.83 0.848

Event Posterior PMN −0.311 0.048 0.159

Place Posterior PMN −0.254 0.108 0.187

Time Posterior PMN −0.240 0.131 0.187

Thought/Emotion Posterior PMN −0.054 0.738 0.848

Perceptual Posterior PMN 0.031 0.848 0.848
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