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Title: Anterior hippocampus and temporal pole volumes are associated with episodic 
autobiographical memory in healthy older adults 
 
Supplementary Material 
 
Methods 
 
Cognitive Battery 
259 of the 263 participants completed additional cognitive assessments of episodic memory and 
semantic memory. Two younger and two older adults were excluded for having more than 50% 
missing data. Measures of episodic memory included Verbal Paired Associates from the Wechsler 
Memory Scale-IV (Wechsler, 2009), Associative Recall Paradigm (Brainerd et al., 2014), and NIH 
Cognition measures of Auditory Verbal Learning (Rey) and Picture Sequence Memory (Gershon 
et al., 2013). Semantic Memory measures included Shipley-2 Vocabulary (Shipley et al., 2009) 
and NIH Cognition measures of Picture Vocabulary and Oral Reading Recognition. Composite 
scores were created by taking the average of Z-scores within each cognitive domain. Two 
additional younger adults were excluded for outlying episodic index scores, leaving a final sample 
of 257. 
 
Composite scores were included in the Generalized Estimating Equations (GEE) reported on in 
text to determine whether effects of AM on the regional volumes could be explained beyond 
general cognitive abilities. Separate GEE models were conducted to examine age group effects of 
each cognitive domain on regional volumes alone (see Results below).  
 
 
Results 
 
Posterior Hippocampal Volumes Are Smaller Early into Older Age 
To determine whether posterior hippocampal volumes were reduced only in later stages of older 
adulthood, we binned the older adult cohort into younger (60-69 years, N=66) and older (70+, 
N=39) groups for a total of three age categories. The ANCOVA on hippocampal volume was then 
repeated (Supplementary Figure 2).  
 
We observed main effects of age group (F(2,257)=3.48, p < .05 , ηp2=.01), segment 
(F(1,779)=27.57, p < .001 , ηp2=.03), and hemisphere (F(1,779)=16.13, p < .001, ηp2=.02). Several 
interactions qualified these effects. First, a segment by hemisphere interaction (F(1,779)=59.01, p 
< .001, ηp2=.07) indicated that right anterior volumes were larger than left anterior volumes 
(t(779)=7.04, p < .001, Cohen’s d =.50), right posterior volumes (t(779)=9.26, p < .001, Cohen’s 
d=.66), and left posterior volumes (t(779)=7.16, p < .001, Cohen’s d=.51). A segment by sex 
interaction (F(1,779)=11.87, p < .001, ηp2=.01) showed that anterior volumes were larger than 
posterior in both males (t(779)=6.81, p < .001, Cohen’s d=.49 ) and females (t(779)=3.06, p < .05, 
Cohen’s d=.22), but more so in males. Critically, a segment by age group interaction 
(F(2,779)=8.54, p < .001, ηp2=.02) demonstrated that both groups of older adults had smaller 
posterior hippocampus volumes compared to younger adults (younger older: t(257)=2.88, p < .05, 
Cohen’s d=.36 ; older older: t(257)=3.45, p < .005, Cohen’s d=.43). There were no differences 
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between younger older and older older adults. No differences were observed for anterior 
hippocampus volumes. As with the main results, education and site were included as covariates. 
 
 
Episodic Memory is Not Associated with Hippocampal Segment Volumes 
A GEE was modeled to test for relationships between composite episodic memory scores and 
different hippocampal segment volumes across age groups. Although an age group by episodic 
memory interaction was observed in the full sample (Wald 𝛘2 (1)=4.12, p  < .05; Supplementary 
Figure 3), episodic memory was not a significant predictor of volume within each age group alone. 
A sex by episodic memory interaction term was included due to a sex effect observed in an 
ANCOVA on episodic memory scores (F(1,252)= 19.03, p < .001, ηp2=.07). 
 
 
Semantic, but Not Episodic, Memory is Associated with Temporal Pole Volumes in Younger 
Adults 
GEEs were also modeled to separately examine relationships between episodic and semantic 
memory with temporal pole volumes across age groups. No association was observed between 
episodic memory and temporal pole volumes. Results from the GEE with semantic memory also 
revealed no effect of semantic memory on volume. However, product-moment correlations 
demonstrated a significant association between temporal pole volumes and semantic memory in 
younger adults (Table S8), which suggested that a weaker association in the older group was likely 
dampening effects in the full GEE. We ran a post-hoc GEE in younger adults, which demonstrated 
a significant main effect of semantic memory (Wald 𝛘2 (1)=10.34,  b=.05, SE=.02, p  < .005) and 
a marginal hemisphere by semantic memory interaction (Wald 𝛘2 (1)=3.81, p  = .05; 
Supplemenatry Figure 6). Follow-up GLMs confirmed that semantic memory was positively 
related to the left temporal pole volume (b=.05, SE=.02, p < .01) and not the right. Models included 
sex as well as site, education, and eWBV as effects of no interest. 
 
Associations with Volume Ratio of Posterior to Anterior Hippocampus 
Prior work has shown that the proportion of posterior to anterior hippocampus volumes contributes 
to episodic memory (Poppenk & Moscovitch, 2011), spatial navigation (Maguire et al., 2000), and 
cognitive mapping (Brunec et al., 2019) beyond either volume alone. All analyses conducted on 
hippocampal segment volumes were repeated using a ratio of posterior to anterior volumes as the 
dependent variable. The aim was to determine whether the proportion of segments provides unique 
information about hippocampal volume relationships to AM. 
 
The ANCOVA on volume ratio revealed three main effects. A main effect of hemisphere (F 
(1,261)=159.06, p < .001, ηp2= .35) showed that left ratios were larger than right. A main effect of 
sex (F(1,258)=4.02, p < .05, ηp2=.01) demonstrated that females had a larger ratio compared to 
males. Lastly, a main effect of age group (F(1, 258)=5.74, p < .05, ηp2= .02) indicated that older 
adults had smaller ratios compared to younger adults. Site and education were included as 
covariates. 
 
Next, GEEs were modeled separately for internal and external density. Terms included age group, 
hemisphere, internal density, and the three-way interaction. Consistent with models from the main 
text, a sex by internal density interaction term was also included, along with site, education, and 
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eWBV as effects of no interest. Follow-up GEEs were conducted to break down marginal and 
significant interactions. GLMs were then performed on each hemisphere to inspect simple effects. 
 
Results from the GEE with internal density were qualitatively similar to those from the GEE on 
hippocampal segment volumes. Full results are listed in Table S7 for completeness. Notably, we 
observed an age group by hemisphere by internal density interaction (Wald 𝛘2 (1)=7.45, p < .01). 
The follow-up GEE in younger adults showed a marginal hemisphere by internal density 
interaction (Wald 𝛘2 (1)=3.35, p = .067), but internal density showed no significant relationship to 
either left or right volume ratios.  
 
In older adults, interactions were observed between hemisphere and internal density (Wald 𝛘2 
(1)=4.23, p < .05) as well as between sex and internal density (Wald 𝛘2 (1)=6.53, p < .05). To 
break down these interactions, a GLM was first performed on volume ratios in each hemisphere. 
As depicted in Supplementary Figure 3 (left), internal density was negatively related to the left 
volume ratio in all older adults (b=-.188, SE=.86, p < .05). In the right hemisphere, a main effect 
of internal density (b=-1.78, SE=.79, p < .05) was accompanied by an interaction with sex (Wald 
𝛘2 (1)= 11.52, p < .001; Supplementary Figure 3, right). A final set of GLMs performed within 
each sex on the right volume ratio revealed that internal density positively predicted volume ratios 
for older men (b=2.18, SE=1.03, p < .05), and negatively predicted volume ratios for older women 
(b=-1.80, SE = .63, p < .005). 
 
The GEE with external density showed no effect of density on volume ratio. This complemented 
results reported in the main text, where females showed a negative relationship to external density 
across both anterior and posterior volumes. 

As in the main text, this result highlights the interindividual variability in brain-behavior 
associations in older age. While the left proportion of hippocampal segment volume similarly 
impacts internal density in older adults, sex differences arose in the right hemisphere: the 
proportion of right hippocampal segment volumes contributed to internal density in older males, 
whereas in older females the volume of anterior hippocampus alone aided internally dense 
recollections. Sex differences in older age may reflect an exacerbation of effects seen in the full 
group: diminished volume ratio in the right hemisphere, males, and older adults. 

GEEs were also modeled to examine the effects of laboratory episodic and semantic composite 
scores on volume ratio. Neither variable was a significant predictor. The episodic GEE was 
repeated in older adults alone based on an observed association between volume ratio and episodic 
memory scores (Table S8), but episodic memory remained a nonsignificant predictor. 
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Supplementary Figure 1. ASHS Output. Representative left hemisphere segmentations from the 
T1 ASHS pipeline in one younger (left) and one older (right) adult in native space. Outputs 
included segmentations and volume measurements of the anterior and posterior hippocampus, 
entorhinal cortex, BA35, BA36, parahippocampal cortex, meninges, and other regions (see 
legend). The present study limited its examination to the longitudinal axis of the hippocampus. 
Anterior hippocampus = head. Posterior hippocampus = body + tail. 
  

Supplementary Figure 1 
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Supplementary Figure 2. Distributions of Hippocampus and Temporal Pole Volumes by Age 
Group. (A) Distributions of detail density on the AI for internal and external details colored by 
age group (left) and distributions for density scores colored by detail category. (B) Hippocampal 
volume distributions for each segment colored by age group (left) and distributions for each age 
group colored by segment (right). (C) Temporal pole volume distributions for each hemisphere 
colored by age group (left) and distributions for each age group colored by hemisphere (right). 
Volumes were adjusted for eTIV. L AHIPP. = left anterior; R AHIPP. = right anterior; L PHIPP = 
left posterior; R PHIPP= right posterior. L TP = left temporal pole; R TP = right temporal pole. 
  

Supplementary Figure 2 
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Supplementary Figure 3. Age by Hippocampal Volume Interaction Present at Early Stage of 
Older Adulthood. Mean volumes of anterior and posterior hippocampal segments plotted by 
hemisphere and expanded age group categories. Both groups of older adults had smaller posterior, 
but not anterior, hippocampus volumes than younger adults. Volumes were adjusted for eTIV. Sex 
was included in the model. Site and education were included as covariates. * denote significant 
effects. L ant. = left anterior; R ant. = right anterior; L post. = left posterior; R post. = right 
posterior.  
  

Supplementary Figure 3 
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Supplementary Figure 4. Laboratory Episodic Memory Ability is Not Related to 
Hippocampal Segment Volumes. Scatterplots demonstrating a significant interaction between 
episodic memory scores and age group on hippocampal volumes. All volumes were corrected for 
eTIV. Sex was included in the model. Site, estimated whole brain volume, and education were 
included as effects of non-interest. * denote significant effects. L ant. = left anterior; R ant. = right 
anterior; L post. = left posterior; R post. = right posterior.   

Supplementary Figure 4 
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Supplementary Figure 5. Interaction Between Sex and Internal Density on Older Adult 
Volume Ratios. Scatterplots show significant main effect of internal density (left hemisphere) and 
interaction with sex (right hemisphere) on volume ratio. In the left hemisphere, more internally 
dense recollections were related to a smaller volume ratio, or difference between posterior and 
anterior hippocampal volumes. In the right hemisphere, more internally dense recollections were 
related to higher ratios in older males and lower ratios in older females. All volumes were corrected 
for eTIV. Site, education, and estimated whole brain volume were included as effects of no interest 
in the model. Volume ratio = posterior/anterior hippocampus. * denote significant effects. F = 
female; M = male.  

Supplementary Figure 5 
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Supplementary Figure 6. Negative Relationship Between External Density and Hippocampal 
Volume. (A) Scatterplots demonstrating a significant relationship between external detail density 
and hippocampal volumes across all participants. (B) Scatterplots demonstrating a significant 
interaction between density and sex: larger hippocampal volumes were related to less external 
density in females only. All volumes were corrected for eTIV. Site, estimated whole brain volume, 
and education were included as effects of no interest. * denote significant effects. L ant. = left 
anterior; R ant. = right anterior; L post. = left posterior; R post. = right posterior. 
  

Supplementary Figure 6 
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Supplementary Figure 7. Laboratory Semantic Memory Ability is Related to Temporal Pole 
Volumes in Younger Adults. Scatterplot demonstrating relationships between temporal pole 
volumes and composite semantic memory scores in younger adults. General semantic memory 
abilities were positively related to left temporal pole volumes in younger adults. Volumes were 
corrected for eTIV. Sex was included in each model. Site, estimated whole brain volume, and 
education were included as effects of non-interest. L = left; R = right. 
  

Supplementary Figure 7 
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