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Abstract

Recollection of personal past events differs across the lifespan. Older individuals recall fewer
episodic details and convey more semantic information than young. Here we examine how gray
matter volumes in temporal lobe regions integral to episodic and semantic memory (hippocampus
and temporal poles, respectively) are related to age differences in autobiographical recollection.
Gray matter volumes were obtained in healthy young (n = 158) and old (n = 105) adults. The
temporal pole was demarcated and hippocampus segmented into anterior and posterior regions to
test for volume differences between age groups. The Autobiographical Interview was administered
to measure episodic and semantic autobiographical memory. Volume associations with episodic
and semantic autobiographical memory were then assessed. Brain volumes were smaller for

older adults in the posterior hippocampus. Autobiographical memory was less episodic and more
semanticized for older versus younger adults. Older adults also showed positive associations
between temporal pole volumes and episodic autobiographical recall; in the young, temporal

pole volume was positively associated with performance on standard laboratory measures of
semantic memory. Exploratory analyses revealed that age-related episodic autobiographical
memory associations with anterior hippocampal volumes depended on sex. These findings suggest
that age differences in brain structures implicated in episodic and semantic memory may portend
reorganization of neural circuits to support autobiographical memory in later life.
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1. Introduction

1.1.
Age

Autobiographical memory (AM) differs across the adult lifespan, often presenting as a shift
from richly episodic to more semanticized recollections from younger to older adulthood
(e.g., Levine et al., 2002). This shift in AM with age is coincident with age-related brain
changes to the hippocampus and temporal poles, which have been implicated in episodic
and semantic memory respectively (e.g., Eslinger, 1998; Herfurth et al., 2010). However,
associations between age-related changes in AM detail generation and these temporal lobe
structures have not yet been directly examined. This is partially attributable to considerable
population variability, both in the shifting nature of AM recollection (e.g., Wilson et al.,
2002) as well as changes in regional grey matter volumes (e.g., Sele et al., 2020) that occur
with normal aging. Well-powered samples are thus needed to examine how shifts in AM
and volume covary. Here we collected structural imaging and Autobiographical Interview
(Levine et al., 2002) data from a large sample of healthy younger and older adults to test for
age differences in hippocampal and temporal pole volumes and relationships to episodic and
semantic AM.

Hippocampal Specialization, Autobiographical Memory, and Volume Changes with

The hippocampus plays a central role in AM retrieval, particularly with respect to episodic
details (Svoboda et al., 2006). Prominent theories suggest that the hippocampus binds
together details that are processed across a number of cortical systems (e.g., Moscovitch et
al., 2016) to invoke a sense of personal re-experiencing (e.g., Thakral et al., 2020). However,
there is growing evidence of functional heterogeneity in how the hippocampus supports

AM along its longitudinal axis (Poppenk et al., 2013; Strange et al., 2014; Brunec et al.,
2018). Anterior and posterior segments have been functionally related to different aspects of
the autobiographical retrieval process (Moscovitch et al., 2016; Sheldon & Levine, 2016).
Anterior hippocampus is associated with generalized or gist-based representations of past
events (semantic AM) while the posterior hippocampus is associated with more fine-grained
recollections (episodic AM; see Sheldon et al., 2019).

This long-axis functional specialization has been related to structural differences between
segments of the hippocampus (e.g., Poppenk & Moscovitch, 2011; Maguire et al.,

2006; Brunec et al., 2019). Age-related differences in whole hippocampal volumes

may preferentially affect one region of the hippocampus more than the other and alter
specialization. However, there is mixed evidence on the specific nature of hippocampal
structural changes, rendering it difficult to draw firm conclusions (see Ta et al., 2011 and
Bettio et al., 2017 for reviews). Cross-sectional findings comparing younger and older adults
have found smaller volumes in both anterior (e.g., Rajah et al., 2010) and posterior (e.g.,
Driscoll et al., 2003; Malykhin et al., 2008; Stark et al., 2021) portions of the hippocampus.
Mixed findings have been observed with age-volume relationships in adult lifespan samples,
with reports of larger age-related changes in anterior (e.g., Jack, 1997; Hackert et al., 2002;
Gordon et al., 2013) as well as posterior (e.g., Kalpouzos et al., 2009) hippocampal volumes.
Longitudinal aging studies report more convergent evidence for age-related volume loss

in the anterior hippocampus (e.g., Chen et al., 2010). It has also been suggested that
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variability in hippocampal volumes does not differ across age groups and that atrophy may
be a heritable trait (Lupien et al., 2006). This lack of consistency across studies suggests
that testing age-related volume differences in the hippocampus is highly dependent on the
experimental method, the study sample and the individuals, or group of individuals, carrying
the variance (Buckner, 2004). Targeted within-subject volume changes are the focus of some
studies while larger, cross-sectional cohort studies may be necessary to determine how more
subtle volume-behavior relationships differ with age.

1.2. Temporal Poles, Autobiographical Memory, and Volume Changes with Age

The temporal poles are also implicated in AM (Svoboda et al., 2006; Renoult et al., 2019),
particularly in the processing of schematic and personal semantic information (Graham et
al., 2003; Renoult et al., 2012). Yet individuals with semantic dementia, which is associated
with neurodegenerative changes to temporal polar regions (e.g., Chan et al., 2001),

show impairments to both semantic and episodic AM (Irish et al., 2012). This suggests

that semantic processes may be necessary for episodic AM, shaping and constraining
information encoded and subsequently retrieved (Irish et al., 2012). Young adults show
similar activation patterns within the anterior temporal region while viewing video clips
with shared prior semantic knowledge, suggesting that amodal semantic (conceptual in this
instance) representations may be evoked during encoding of naturalistic scenes (Raykov

et al., 2021; Murphy et al., 2017; Patterson et al., 2007; Binder & Desai, 2011). Memory
integration is also enhanced with strong prior knowledge representations (Miller-Goldwater
etal., 2021). An established semantic knowledge base may therefore help to situate and
organize new memories (Conway & Pleydell-Pearce, 2000). Since preservation of semantic
memory is a hallmark of healthy aging (e.g., Park & Reuter-Lorenz, 2009), access to prior
knowledge stores may especially facilitate older adult recollection (Umanath & Marsh,
2014; Spreng & Turner, 2019). The temporal pole may therefore show different functional
associations with AM in younger and older adults, but this has yet to be tested directly.

There is mixed evidence for age-associated changes to temporal pole volumes. Stable
volumes have been reported between younger and older adults (Bergfield et al., 2010).
Volume changes in older age have also been reported. In a cross-sectional study of 116
older adults separated into younger and older groups, the younger elderly participants had
larger temporal pole volumes than the older elderly participants (Resnick et al., 2000).
Longitudinal studies also show mixed findings. Studies of annualized volume changes in
the temporal poles have reported both significant reductions (Fjell et al., 2009) as well as
stable volumes with advancing age (Resnick et al., 2000). A recent report with a larger
sample and longer follow-up window demonstrated that temporal pole volumes more steeply
decline with advancing age over a four-year period relative to other regional volumes (Sele
et al., 2020). However, changes were highly variable across participants, offering a partial
explanation for the variable findings reported in early studies.

1.3. Study Aims and Hypotheses

The present study directly tested whether age-related differences in hippocampus and
temporal pole grey matter volumes are associated with age differences in the content of AM.
Recognizing the challenges posed by inter-individual variability in detecting brain-behavior
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associations, we collected Autobiographical Interviews and structural MRIs in a large
sample of younger and older adults. The primary study aim was to determine how individual
differences in episodic and semantic AM in younger and older adults relate to hippocampal
(anterior and posterior segments) and temporal pole volumes. Given the variability in
previous reports we provisionally hypothesized (i) age differences in the contents of
autobiographical recollection, with lower episodicity and higher semantic density predicted
for older versus younger adults, (ii) age differences in grey matter volumes across the

three temporal lobe brain structures, with lower volumes observed for older versus younger
adults, and (iii) age differences in hippocampal and temporal pole volume associations
with AM content. Specifically, we predicted that episodicity would more strongly relate

to hippocampal volumes in younger adults. In contrast, given previous reports of semantic
scaffolding of episodic AM (Irish et al., 2012), we predicted that both hippocampal and
temporal pole volumes would be related to episodic AM in older adults.

Finally, sex is an important consideration in volumetry, particularly with respect to the
hippocampus. Males and females tend to have comparable hippocampal volumes after
adjusting for total brain volume (Tan et al., 2016). Young adult females have shown larger
posterior hippocampal volumes than males and unique patterns of structural covariance
between the posterior hippocampus and the rest of the brain (Persson et al., 2014). Rates

of age-related hippocampal atrophy are also steeper in females (e.g., Fisher et al., 2018).
Sex differences have also been reported in temporal pole volumes (Lotze et al., 2019). Here
we investigated sex as an additional exploratory factor in volume associations with AM,
recognizing the limits of statistical power in our sample to detect interaction effects.

2. Methods

2.1.

Participants

Participants were 158 younger (91 female) and 105 older (57 female) healthy adults from
Ithaca, New York and Toronto, Canada (Table 1). Behavioral and functional neuroimaging
data from these participants have been reported elsewhere (Setton & Mwilambwe-Tshilobo,
In Press, Setton et al., 2021; Spreng et al., /n Press) and are summarized briefly below.
This study was carried out in accordance with the Institutional Review Board at Cornell
University and the Research Ethics Board at York University.

Standard inclusion and exclusion criteria were carried out to ensure that all participants were
healthy and without evidence of neurological, psychiatric, or other medical illness known

to impact cognition. Specifically, participants were asked about acute or chronic psychiatric
illness, current or recent treatment with psychotropic medication, and significant changes to
health status within three months of the eligibility interview. Individuals with the presence of
any one of these were not eligible to continue.

Further exclusions were made post data collection on the basis of cognitive status and
depressive symptoms. Participants with scores below 27/30 on the Mini-Mental State
Examination (Mean young: 29.08; SD young: 1.23; Mean old: 28.500; SD old; 1.29;
T(261)=3.69, p <.001, [.28, .90], Cohen’s d = .47; Folstein et al., 1975) and an age-adjusted
national percentile of 25 on the NIH Fluid Cognition measure (Mean young: 63.67%; SD
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young: 30.48; Mean old: 50.06%; SD old: 23.55; Gershon et al., 2013) were excluded.
Younger and older participants were screened for depressive symptoms using the Beck
Depression Inventory (Beck et al., 1996) or the Geriatric Depression Scale (Yesavage et
al., 1982), respectively. Two older adults were excluded due to a rating of “moderate
depression”. No differences were observed between the 214 younger and older adults with
z-scored measures of depressive symptoms (T(212)= .05, p = .96, [-.26, .28], Cohen’s d =
.01). All participants were right-handed with normal or corrected-to-normal vision.

Composite measures of episodic and semantic memory were derived from laboratory-based
tasks to characterize the sample (Supplementary Methods). Descriptive statistics and tests
for differences across groups are presented in Table 1.

2.2. Neuroimaging

T1-weighted volumetric magnetization prepared rapid gradient echo sequences were
acquired at the Cornell Magnetic Resonance Imaging Facility (TR=2530ms; TE=3.4ms;

7° flip angle; Imm isotropic voxels, 176 slices, 5m25s) with 2x acceleration and sensitivity
encoding, and at the York University Neuroimaging Center (TR=1900ms; TE=2.52ms; 9°
flip angle; Imm isotropic voxels, 192 slices, 4m26s) with 2x acceleration and generalized
auto calibrating partially parallel acquisition (GRAPPA) encoding at an iPAT acceleration
factor of 2.

Automatic Segmentation of Hippocampal Subfields (ASHS; Yushkevitch et al., 2015)
segmented each participant’s hippocampus along the longitudinal axis in native space.
ASHS uses multi-atlas label fusion to segment the medial temporal lobes into subfields, and
has been well-validated among manual and other automated approaches (Bussy et al., 2021).
ASHS was run with the ASHS-PMC-T1 atlas (Xie et al., 2016) in all participants. Given the
relatively low resolution of T1-weighted images, we limited our inspection to anterior (head)
and posterior (body and tail) regions of the hippocampus (Wisse et al., 2020). All ASHS
outputs were visually inspected for gross errors and to confirm the presence or absence of
the uncal apex in anterior and posterior segments, respectively (Poppenk et al., 2013; see
Figure 2A). No errors were observed (see Supplementary Figure 1 for examples).

Temporal pole volumes were extracted from cortical reconstruction and volumetric
segmentation performed in FreeSurfer version 6.0.1 (Fischl et al., 2002; Reuter et al., 2012).
Whole hippocampal volume was also extracted. Measurements of estimated total intracranial
volume (eTIV), grey matter, and white matter volume were used for volumetric adjustment.
Specifically, the residuals of a linear regression between each volume and eTIV were used
to calculate an adjusted volume (Jack et al., 1989; Buckner et al., 2004; Stark et al., 2021).
Compared to volumes as a proportion of eTIV (Voevodskaya et al., 2014), this approach
removes the influence of head size on regional volumes, an important consideration when
examining structural changes in healthy aging where age becomes a confounding variable.

All regional volumes were adjusted for head size prior to analysis (Tables S1-S2). Two
younger and two older adults were excluded for outlying volume measurements after
adjustment. Whole brain tissue volume is known to decrease in older age with the expansion
of cerebrospinal fluid volume, even without marked change to total intracranial volume
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(Matsumae et al., 1996). Estimated whole brain volume (eWBV) was calculated as (grey
matter + white matter)/(eTIV) and included as a covariate where indicated to narrow in on
regionally specific effects (see similar approach in Schmitz et al., 2016).

2.3. Autobiographical Interview

The Autobiographical Interview (Al; Levine et al., 2002; Lockrow et al., 2021) served

as our measure of AM to examine relationships to brain volume. Participants completed
the interview as part of a larger set of cognitive assessments during a separate

experimental session. Trained research assistants conducted the interviews, providing
thorough instructions and ensuring comprehension prior to the start of each interview.
Participants were asked to describe a specific episode from each of three (younger adults)
or five (older adults) time periods: childhood, teenage years, young adulthood, middle
adulthood, and late adulthood. For each memory, participants first described the episode in
as much detail as possible (free recall). When recollection came to a natural end, participants
were lightly prompted to recall any additional details (general probe). After memories were
recalled from all time periods, participants went through each memory once more and were
questioned with specific cues to encourage further episodic remembering (specific probe).
Self-reported ratings of vividness, emotional change, significance at the time, significance
now, and rehearsal were also collected for each memory. All interviews were recorded and
transcribed prior to scoring.

In brief, scoring involved categorizing text into episodic-like (internal) and non-episodic
(external) details. Internal details included those involving the sequence of events, location,
time, sensory information, emotions, and thoughts related to the event chosen. External
details included specific information about unrelated events, semantic information (general
and personal), repetitions, and other non-scorable verbiage. Updated scoring protocols have
recently been published (e.g., Strikwerda-Brown et al., 2017), but scoring on our high
volume of interviews commenced prior to their publication. For the purpose of this study, we
consider only scores from free recall and general probe cueing stages of the interview, which
reflect spontaneous recollection tendencies.

The transcribed interviews were scored by two trained researchers (Inter-rater reliability
internal: r(261)=.91, p < .001; external: r(261)=.82, p < .001). Counts of internal and
external details were averaged across memories to provide stable measures of episodic and
semantic memory. Notably, we divided detail counts by total word count to control for
verbal output, which may arbitrarily underestimate or inflate detail counts if not considered.
Word count was not different across groups F(1,257)= 1.03, p = .310 controlling for site,
sex, and education), suggesting that verbosity did not confound density scores. Internal and
external density scores were therefore our AM metrics of interest (Spreng et al., 2018;
Lockrow et al., 2021).

2.4. Analyses

Our aim was to determine how individual differences in AM within younger and older
cohorts relate to grey matter volume in the anterior and posterior hippocampus and temporal
poles. In other words, we tested for an interaction between age group, Al detail density, and
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regional volume. Analyses proceeded in three parts to test for: 1) age group differences in
detail density as an initial replication of prior work; 2) age group differences in hippocampal
volumes and associations with detail density on the Al; 3) age group differences in temporal
pole volumes and associations with detail density on the Al.

ANCOVAs were used to examine age group differences and Generalized Estimating
Equations (GEE) were used to explore interactions with AM. GEEs are a semi-parametric
version of the general linear model which can accommodate correlated repeated
measurements (e.g., left and right volumes, anterior and posterior segments) by modeling
the within-subject covariance structure and treating it as a nuisance variable (Liang &
Zeger, 1986). GEEs, modeled as normal positive (gamma) distributions with exchangeable
correlation matrices, were conducted with volume as the predicted variable to test for effects
of age group, hemisphere, segment (anterior/posterior in the hippocampus only), detail
density (internal and external separately), and their interaction (see Supplementary Results
for GEEs with laboratory-based composites of episodic and semantic memory). Follow-up
GEEs were carried out within age group or hemisphere subsets of the data for marginal and
significant age group interactions. Finally, general linear models (GLM) were used to detect
simple effects of detail density on each regional volume. Sex, site, education, and eWBV
were included in each model.

2.5. Software

Statistical analyses were carried out in python 3.6.3 and R version 3.3.3. In python,
descriptive statistics were tabulated with pandas and visualizations were created with
seaborn. Statsmodels was used to model GEEs and GLMs. In R, ANCOVAs were run
with Ime4 and nlme, and emmeans was used for post-hoc paired t-tests with a Tukey HSD
adjustment.

3. Results

3.1. Age Group Differences in Internal/External Density of Recollections from the
Autobiographical Interview

We first tested for age group differences on the Al to replicate established findings. Age
group, detail category (internal, external), sex, and the interaction between them were
entered into a mixed ANCOVA on density scores. Education and site were included as
covariates. Significant main effects of age group (F(1,258)= 10.22, p < .005, np2=.02)
and detail category (F(1,261)= 1463.17, p < .001, np?= .74) were qualified by a significant
interaction (F(1,261)= 167.57, p < .001, np2= .24). Compared to younger adults, older
adults recalled a lower density of internal details (t(258)= 11.06, p < .001, Cohen’s d=
1.38) and a higher density of external details (t(258)= 6.32, p <.001, Cohen’s d=.79),
corroborating prior work (Levine et al., 2002; Figure 1). A main effect of sex was also
observed (F(1,258)= 3.98, p < .05, np2=.01), such that females had more internally and
externally dense recollections than males overall.

To rule out the possibility that older adults’ density scores were disproportionately
influenced by recall of temporally distant events (e.g., Linton, 1975; Rubin & Wenzel,
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1996; Wagenaar, 1986), additional ANCOVAS were run testing for the influence of temporal
distance on internal or external density. Age group, temporal distance (recent, remote),

sex, and the interaction between them were modeled with sex and education as covariates.
Recent memories were defined as the last memory recalled for each group: young adulthood
for younger adults and late adulthood for older adults. Remote memories were defined as
childhood memories for younger adults and young adulthood memories for older adults to
equate temporal distance across groups. As above, age group differences were present for
both internal (F(1,258)= 50.10, p < .001, np2=.12) and external density (F(1,258)= 66.19,

p <.001, np?=.14). No interactions with temporal distance were observed. This suggests
that internal and external density are stable individual difference measures with distinct
age-related patterns.

3.2. Age Group Differences in Hippocampal Volumes and Associations with Internal/
External Density

Next, we tested for age group differences in hippocampal volume. Older adults were found
to have smaller posterior hippocampus volumes than younger adults.

Specifically, main effects of age group (F(1,258)= 4.65, p < .05, np?= .01), hemisphere
(F(1,782)= 16.18, p < .001, np2=.01), and segment (F(1,782)= 27.66, p < .001, np?= .03)
on volume were observed. These were qualified by a number of significant interactions.

A hemisphere by segment interaction (F(1,782)= 59.21, p < .001, np2=.07) showed that
right anterior segments were larger than right posterior segments (t(782)= 9.78, p < .001,
Cohen’s d=.70), left anterior segments (t(782)= 8.09, p <.001, Cohen’s d=.58), and left
posterior segments (t(782)= 7.32, p < .001, Cohen’s d=.52). A sex by segment interaction
(F(1,782)= 11.91, p < .01, np?= .01) indicated that males had larger anterior compared to
posterior segments (t(782)= 6.50, p < .001, Cohen’s d=.46). Segments were comparable in
females. Critically, an age group by segment interaction (F(1,782)= 16.97, p <.001, np2=
.02) showed that older adults had smaller posterior, but not anterior, hippocampus volumes
compared to younger adults (t(258)= 3.71 p < .005, Cohen’s d= .46; Figure 2B), leaving
older adults with larger anterior compared to posterior segments (t(782)= 6.79, p < .001,
Cohen’s d=.49). Converging results were obtained when testing for differences in the ratio
of posterior to anterior hippocampus volumes (see Supplemental Results). We determined
that this result was not driven by the oldest of the older cohort as the same pattern was found
when splitting older adults into 60-69 and 70+ age categories (Supplementary Figure 2).

In order to examine age group differences in the relationship between density scores

and hippocampal volumes, we ran GEEs on hippocampal volumes modeling age group,
hemisphere, segment, density score, and their interaction. Sex interaction terms with density
and segment were included based on the above ANCOVAs.

The GEE with internal density yielded a significant interaction between age group,
hemisphere, segment, and internal density (Wald x 2(1)= 8.53, p < .005; Figure 2C; Table
S3). This suggested that the difference in hippocampal volume relationships to internal
density differed as a function of age group. To decompose the interaction, follow-up models
within each age group indicated hemisphere by segment by internal density interactions in
both younger (Wald y2(1)= 3.84, p = .05) and older (Wald x 2(1)= 4.94, p < .05) adults.
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This result suggested that there was an overall difference in slope between internal density
and each of the volumes in both younger (purple in Figure 2C) and older (yellow in Figure
2C) adults. In younger adults, follow-up GLMs on each of the four hippocampal volumes
showed that internal density was not significantly related to any volume (Supplementary
Figure 3). In older adults, a sex by internal density interaction (Wald 2(1)= 12.78, p <.001)
was observed in the right anterior hippocampus (Figure 2D). This interaction emerged with
a main effect of sex (b= .29, SE= .07, p <.001), but absent a main effect of internal density
on volume (b= 1.19, SE= .73, p=.100). Internally dense recollections were associated with
smaller volumes in older males (b= -2.60, SE= .81, p < .005). The association with volume
was not significant in older females (b= 1.27, SE=.71, p = .075). Complementary results
were obtained when the ratio of posterior to anterior hippocampus volumes was replaced as
the dependent variable (see Supplemental Results & Supplementary Figure 5). Here, internal
density was associated with a smaller volume ratio across sexes in the left hemisphere, but
was dependent on sex in the right hemisphere.

The GEE on external density in the hippocampus showed a marginal main effect of

detail density (Wald x2(1)=3.77, b= -2.05, SE= 1.06, p = .05; Supplementary Figure

6A), such that greater volume across all hippocampal segments was associated with less
externally dense memories in all participants (see Table S4 for full results). A sex by density
interaction (Wald x 2(1)= 4.36, p < .05) indicated that the negative association between
external density and hippocampal volumes was driven by females (b= -3.02, SE= 1.55,

p = .052; Supplementary Figure 6B). External density was not related to any of the four
hippocampal volumes in males. External density was not a significant predictor of volume
ratio scores (see Supplementary Results).

3.3. Age Group Differences in Temporal Pole Volumes and Associations with Internal/
External Density

Turning to the temporal pole, we found that volumes were similar across age groups (Figure
3B), but males had larger volumes than females (F(1,258)= 4.18, p < .05, np2=.01).

The GEE with internal density revealed a significant main effect of internal density (Wald
x2(1)=6.18, p < .05) and an age group by internal density interaction (Wald x 2 (1)= 4.56,
p < .05; see Table S5). In older adults, more internally dense recollections were related to
larger temporal pole volumes bilaterally (Wald x 2(1)= 5.54, b= 2.12, SE= .90, p < .05;
Figure 3C). Internal density was not related to temporal pole volumes in younger adults.

The GEE with external density on temporal pole volume showed a marginal main effect

of density (Wald x2(1)= 3.42, b= -3.02, SE= 1.633, p =.065) and a significant age

group by density interaction (Wald x2(1)= 7.91, p < .005; Table S6). Figure 3D illustrates
volume-density slopes going in opposite directions for each age group. Although external
density was not a significant predictor of volume within each age group alone, the slope

in younger adults was highly similar to that between semantic index from laboratory-based
measures and temporal pole volume (Supplementary Figure 7).
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4. Discussion

We investigated age differences in AM, hippocampus and temporal pole volumes, and
AM-volume associations in a large sample of healthy younger and older adults, using the
Autobiographical Interview (Levine et al., 2002; Lockrow et al., 2021) to quantify the
episodicity of AM recollection. Consistent with predictions, younger adult recollections
were more episodic with a higher density of episodic (internal) than semantic (external)
details. In contrast, older adult recollections were less episodic, marked by a higher density
of semantic versus episodic information. Age differences in brain volumes were only
observed for the posterior hippocampus, which was smaller in volume for older compared
to younger adults (Figure 2A). Consistent with predictions, age differences in volume-AM
associations were observed. Temporal pole volumes were positively associated with episodic
AM in older but not younger adults (Figure 3C). In contrast, temporal pole volumes were
more strongly related to laboratory-based measures of semantic memory, but not semantic
AM, in younger adults (Supplementary Figure 7). We speculate that in the face of posterior
hippocampal volume atrophy, episodicity of AM becomes more reliant on temporal polar
cortices in older adulthood. Finally, age- and sex- dependent associations were observed
between hippocampal volume and AM. Episodic density was positively correlated with
anterior hippocampal volumes for older females, while a negative association was observed
for males. However the limited sample sizes here urge caution in the interpretation of these
sex interactions.

4.1. Younger and Older Adult Recollections Systematically Vary in Episodic and Semantic
Detail Recollection

As previously reported (e.g., Levine et al., 2002), older adults included fewer episodic and
more semantic details when recalling past events on the Al. Studies using the Al typically
report detail counts, whereas here we report on detail density, a metric that controls for the
overall verbal output of recollections. We have previously introduced density scores as a
novel dependent variable from the Al (Spreng et al., 2018), and have recently found that
they are more sensitive to age effects than detail counts, and provide more reliable and

valid estimates of individual differences in AM (Lockrow et al., 2021). In controlling for
verbosity, density scores measure the amount of all verbal output dedicated to conveying
episodic or semantic details about a personal past event. Arguably, this more accurately
captures the recollective process, which involves top-down control mechanisms to retrieve
details relative to the event and hold them in mind (Piolino et al., 2010) while suppressing
recall of non-relevant (external) details. Indeed, density scores, but not counts, associate with
performance-based laboratory tasks of episodic memory and executive function (Lockrow

et al., 2021). As the Al was administered to the present sample without an imposed time
constraint, density scores are also less influenced by narrative length. Critical to the findings
reported here, density scores for both episodic and semantic detail had significantly different
distributions in younger and older adults. This suggests that the overall differences in
episodic and semantic information generated during recollection cannot be explained by
individual differences in recollective style, and reflects a shift as a function of older age.
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4.2. Age Differences in Hippocampal Volumes Are Not Associated with Autobiographical

Memory

Older adults had smaller posterior hippocampal volumes, consistent with recent longitudinal
work from healthy adult lifespan samples showing greater microstructural change to the
posterior hippocampus in older age (Langnes et al., 2020). Significant age-related reductions
have also been observed in nearby parahippocampal white matter, which includes axons

of the perforant pathway (Stoub et al., 2012). In terms of macrostructure, both anterior

and posterior grey matter volumes shrink with age, but show slightly different trajectories,
with the posterior region showing an earlier inflection point and steeper decline thereafter
(Langnes et al., 2020; Chauveau et al., 2021). Different trajectories of atrophy may

partially explain why other longitudinal findings have demonstrated more robust anterior
hippocampal volume change over time in older age (Chen et al., 2010); the years sampled
may disproportionately impact the rate of change observed. Similarly, the results reported
here are situated among other cross-sectional studies with both converging and diverging
results. Our large sample size and sensitive segmentation protocol lend confidence to our
findings, which provide the necessary backdrop for comparing volume-AM associations
across age groups.

Neither anterior nor posterior hippocampal volumes were related to AM in younger adults.
Our study is not the first to report null relationships between hippocampal grey matter
volume and hippocampal-dependent tasks including AM, imagery, and navigation in larger
samples of healthy young adults (Clark et al., 2020; Weisberg et al., 2019). Using higher
resolution scans to examine hippocampal subfields, such as CA2,3/DG and subiculum, may
be more appropriate to capture specific relationships to hippocampal-dependent processes,
such as AM (Palombo et al., 2018; Barry & Maguire, 2019). It is also possible that more
extreme conditions, such as expertise (Weisberg & Ekstrom, 2021) or pathology (Van Petten,
2004) are needed to detect associations.

Older adults’ smaller posterior hippocampus volumes could speak to their recollection of
fewer specific, episodic details, but no association between posterior hippocampus volumes
and episodic AM was observed. According to one framework, tasks which require the
recollection of specific episodic details—Ilike the Al—recruit the posterior hippocampus

to generate context and recreate the remembered scene (see Sheldon & Levine, 2016

and Sheldon et al., 2019 for reviews). Smaller volumes may impair these abilities, as
suggested by findings that age-related atrophy to parahippocampal white matter volume
predicts episodic memory performance in older adults (Stoub et al., 2014). Yet, our results
suggest that typical aging may not sufficiently alter hippocampal volumes to allow detection
of these relationships with hippocampal-dependent tasks. Consistent with this idea, strong
positive associations between hippocampal volumes and episodic memory scores have been
observed for individuals with mild cognitive impairment and Alzheimer’s disease, who often
have more pronounced atrophy to the hippocampus than cognitively healthy older adults
(Chauveau et al., 2021).

Finally, we observed an association between anterior hippocampus volumes and episodic
AM in older adults that was moderated by sex. Larger right anterior hippocampus volumes
were associated with less episodic AM in males and the opposite pattern was observed
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for females. We refrain from further interpreting this sex by age interaction here given the
exploratory nature of the analysis. Future studies will be necessary to replicate this finding
and directly investigate age and sex differences in the these brain and behavior associations.

4.3. Temporal Pole Volumes Relate to Episodic AM in Older Adults

We next tested for age group differences in temporal pole volumes and corresponding
associations with AM. We specifically targeted the temporal pole as this region serves

as a semantic processing hub (e.g., Hoffman & Morcom, 2018; Lambon Ralph, 2017)
associated with prior knowledge during encoding of naturalistic stimuli (Raykov et al.,
2021). Differential relationships with cognition emerged across age groups despite no
discernible volume difference. Younger adult volumes were positively related to laboratory-
tested semantic memory abilities, whereas older adults showed no such relationship. Rather,
temporal pole volumes in older adults were positively related to episodic AM. A meta-
analysis of age-related functional brain changes has demonstrated that older adults recruit
the anterior temporal region more than younger adults across a number of cognitive domains
including memory retrieval (Spreng et al., 2010). In fact, older adults showed coactivation of
the temporal pole with anterior hippocampus during an in-scanner fMRI AM task (Addis et
al., 2011). The magnitude of anterior temporal activity in older adults was positively related
to episodic details recalled from a separate session.

Based on our findings in this large study sample we propose that age-related volume
differences in posterior hippocampus, a region implicated in specific detail generation
(Sheldon & Levine, 2016), may result in additional recruitment of areas that were age-
invariant in our study, such as the anterior hippocampus and temporal poles. The anterior
hippocampus forms preferential connections to the temporal pole (Kahn et al., 2008) via
the uncinate fasciculus (Kier et al., 2004), laying the groundwork for greater functional
connectivity at rest (Honey et al., 2009) and during semantic processing (e.g., Hoffman &
Morcom, 2018). Indeed, patients with semantic dementia often demonstrate damage and
altered intrinsic functional connectivity to both of these regions (e.g., Chan et al., 2001;
Schwab et al., 2020). If these regions are recruited to support episodic AM recollection

in older adults, such memories might necessarily be “semanticized,” or imbued with more
semantic information (Spreng et al., 2018). While speculative, this view emphasizes the
significance of regional integrity and supports frameworks of neurocognitive aging that
describe functional reorganization in relation to structural change as a form of adaptive
scaffolding (Park & Reuter-Lorenz, 2009; Spreng & Turner, 2019; Andrews-Hanna et al.,
2019). Further longitudinal inquiry involving both functional and structure measures is
needed to test these claims. Future work would also benefit from inspecting other lateral
temporal regions, which show increased involvement during older adult cognition (Spreng et
al., 2010).

4.4. Concluding Remarks

We tested associations between hippocampal and temporal pole volumes and AM, and
differences with age, in a well-powered sample of healthy younger and older adults. Older
adults had smaller posterior hippocampus volumes, anterior hippocampus and temporal
pole volumes were age-invariant. In the context of shifts in the content of AM with age,
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we suggest that this pattern of volumetric changes may promote functional scaffolding
among comparatively preserved regions to support AM in older age. While it is prudent

to consider cohort effects when comparing younger and older adults, large cross-sectional
aging investigations contrasting within- and between- group brain-behavior relationships
can offer important insights into how these highly variable associations reliably differ with
age. While exploratory our findings also underscore the importance of considering sex
differences in lifespan developmental research. Mapping associations among often parallel
age-related shifts in brain structure and behavior will be imperative to better understanding
the neural mechanisms that support complex cognitive abilities, including autobiographical
memory, over the course of late life development.

5. Data Availability

All data from the current report are open access and publicly available (see Spreng et

al., 2022, for data descriptor). Autobiographical memory data from the present study is
available through the Open Science Framework, project “Psychometrics of Autobiographical
Memory” contributed by R.N.S. (https://osf.io/fzkm7/) or from the corresponding author on
reasonable request. Additional demographic and behavioral data are available within the
Open Science Framework project “Goal-Directed Cognition in Older and Younger Adults”
(http://osf.io/yhzxel); neuroimaging data are available on OpenNeuro (https://openneuro.org/
datasets/ds003592).
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1 Caption. Age Group Differences in Internal/External Density of Recollections from the
Autobiographical Interview.

Mean internal and external detail density on the Al plotted by age group. Compared to
younger adults, older adults recalled a lower density of internal details and a higher density
of external details. Sex was included in the model. Site and education were included as
covariates. Density = detail count / word count. * denotes significant effects.
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Figure 2 Caption. Age Group and Sex Interactions with Internal Density in the Hippocampus.
(A) Brain images show representative anterior (left) and posterior (right) hippocampal

segmentations in the left hemisphere from ASHS. Zoomed-in views illustrate the presence
and absence of the uncal apex in each segment. (B) Mean volumes of anterior and posterior
hippocampal segments plotted by hemisphere and age group. Older adults had smaller
posterior, but not anterior, hippocampus volumes than younger adults. (C) Scatterplots
demonstrating a significant interaction between internal detail density and age group on
hippocampal volumes. Slopes were significantly different in younger and older adults.
Within each age group, relationships between internal density and hippocampal volumes (L
AHIPP, R AHIPP, L PHIPP, R PHIPP) were also significantly different from one another.
(D) Scatterplot demonstrating a crossover interaction in older adults between sex and
internal density in the right anterior hippocampus. Older males with larger right anterior
hippocampal volumes had recollections with less internal density. The opposite relationship
was trending in older females: larger right anterior hippocampal volumes were associated
with more internally dense recollections. Site, education, and eWBYV were included as
effects of no interest in all models. * denote significant effects. L ant. = left anterior; R ant. =
right anterior; L post. = left posterior; R post. = right posterior. F= female; M = male.
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Figure 3 Caption. Age Group Interaction with Density in the Temporal Poles.
(A) A surface rendering of the left temporal pole from FreeSurfer. (B) Mean volumes of

left and right temporal poles plotted by age group depict no differences. (C) Scatterplots
demonstrating contrasting relationships between internal detail density and volume (top) as
well as between external detail density and volume (bottom) across age groups. Older adults
with more internally dense recollections had larger temporal pole volumes. All volumes
were adjusted for eTIV. Sex was included in the model. Site, education, and estimated whole
brain volume were included as effects of no interest in each model. * denote significant
effects. L= left; R = right.
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Table 1

Sample Demographics

Descriptive Statistics Inferential Statistics
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Younger Adults Older Adults T dof p 95% ClI Cohen’sd
N
Ithaca 131 (74 female) 83 (47 female)
Toronto 27 (17 female) 22 (11 female)
Race 60.39% white, 94.23% white,
20.13% asian, .96% asian,
8.44% black or african 1.93% black or african
american, american,
3.90% mixed race, 2.88% other
.54% other,
2.60% not provided
Ethnicity 81.17% non-hispanic or latino, 92.31% non-hispanic or
11.04% hispanic or latino, latino,
7.79% not provided 1.92% hispanic or latino,
5.77% not provided
Age (years)
Range 18-34 60 -89
M 22.59 68.19
SD 3.33 6.29
Education (years)*
Range 12.00 - 24.00 12.00 - 24.00 -7.32 261 <.001 [-2.78, 0.92
-1.60]
M 15.18 17.37
SD 194 2.90
Episodic Memory* 1598 255 <.001 [1.08, 2.22
1.36]
Range -1.71-1.41 -2.11-0.65
M 0.48 -0.72
SD 0.47 0.69
Semantic Memory*
Range -2.78-1.42 -1.21-1.94 -89 255 <.001 [-1.02, 1.13
-.65]
M -0.34 0.51
SD 0.77 0.69

Note. Episodic Memory and Semantic Memory reflect composite scores. Age group differences in NIH fluid cognition, episodic memory, and
semantic memory were tested in 257 participants. Positive T values reflect higher scores in younger adults, negative values reflect higher scores in
older adults. Statistical tests are nearly identical when including sex, education, site, and eWBYV as covariates in an ANCOVA.
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