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SUPPLEMENTARY MATERIALS AND METHODS 
 
 
Non-imaging dataset collection 
 
Participants completed a series of questionnaires 
regarding demographic information, medical history for 
both self and biological family members, and lifetime of 
experiences. In order to measure their cognitive 
capacity, they completed the Mini-Mental Status 
Examination (MMSE), WASI-II [1], and the NIH 
Toolbox for Adult, including cognition, emotion and 
motor batteries (https://www.healthmeasures.net/ 
explore-measurement-systems/nih-toolbox/intro-to-nih-
toolbox). Lastly, immediately after the fMRI scan, 
samples of saliva and blood were collected. From the 
blood sample, HbA1c and estimated average glucose 
(EAG) levels were extracted. The saliva sample was 
analyzed by the University of Nebraska-Lincoln 
Salivary Bioscience Laboratory to measure the level of 
estradiol and testosterone. A total of 59 non-imaging 
variables were extracted and described in 
Supplementary Table 5. 
 
Task description 
 
N-back task 
The task was the one developed by the Human 
Connectome Project (HCP), and has a block design 
incorporating alternating experimental (2-back) and 
sensorimotor control (0-back) conditions [2]. At the 
start of a block, a written cue (lasting 2.5 seconds) 
informed participants about the type of condition to 
follow (2-back or 0-back) and the designated target 
stimulus for the sensorimotor control condition. Four 
different stimulus types (faces, places, tools and body 
parts) were presented in separate blocks. Each 
stimulus was presented for 3 seconds, followed by a 
500 ms inter-stimulus interval. In the 2-back trials 
participants were asked to respond by pressing a 
button whenever the current stimulus was the same as 
the one presented 2 trials back. In the 0-back 
condition, participants were asked to respond by 
pressing a button each time they saw the designated 
stimulus. The run contained 8 blocks of 10 trials, each 
lasting 35 seconds, and 4 fixation blocks each lasting 
15 seconds. Performance features (accuracy and 
reaction time) were monitored and collected during 
fMRI scanning. 
 
Verb Generation (VG) task 
This task is known to be a robust activator of the 
language network [3, 4]. Participants were instructed to 
covertly generate an action word in response to a 
viewed concrete noun presented on a screen. Each 
word was presented for 3 s, within a 30-second block. 

These blocks were alternated with passive viewing of a 
central stimulus (#####) in epochs of 30 s for a total of 
5 min. 
 
Scene Encoding Memory (SEM) task 
This task was adapted from the task created by Binder et 
al. [5] known to be a robust activator of bilateral mesial 
temporal lobe (MTL) structures. A block-design format 
was utilized. During the scene encoding condition, the 
participant was required to identify a given scene as 
indoor or outdoor from the variety of landscapes or 
home/office photos presented. This binary judgment 
ensured attentional engagement and full encoding of the 
scene. During the control condition, the participant was 
presented with scrambled pictures divided into two 
halves, and required to identify if the two halves were 
identical. This control condition allowed us to subtract 
the visuo-perceptual and decision-making aspects of task 
performance. The session contained four blocks of scene 
encoding and four blocks of the control condition, each 
block for 28 s in duration. Each session started and 
ended with a 28-second period of blank screen. For each 
of the scene encoding and control blocks, 8 stimuli (e.g., 
scene/scrambled picture) were presented, each for 3 s, 
interleaved with a 0.5 s of blank screen. The participant 
discriminated indoor scenes from outdoor scenes (indoor 
session), and vice versa in the other session (outdoor 
session), with the order of sessions randomly 
counterbalanced across participants. 60% of the stimuli 
presented during the scene encoding blocks within that 
session were the targets, and the rest (40%) were 
nontargets; while, 60% of the stimuli presented during 
the control blocks contained scrambled pictures (halves) 
that were identically matched (to be referred to as targets 
as well), and the other 40% were not (i.e., nontargets). 
All visual stimuli were presented only once during the 
entire study. The participants were instructed to press a 
button with their index finger for target pictures and 
another button with their middle finger for non-target 
pictures. Performance features (accuracy and reaction 
time) were monitored and collected during fMRI 
scanning. 
 
Task activation 
 
N-back task 
See Supplementary Table 6 and Supplementary 
Figure 2. 
 
Verb Generation 
See Supplementary Table 8 and Supplementary Figure 3. 
Scene Encoding Memory 
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See Supplementary Table 7 and Supplementary 
Figure 3. 
 
Difference in brain activity between younger and 
older participants 
 
We computed the effect size for each functional 
measure (Cohen’s D) between younger and older 
participants (Supplementary Figure 4). For both VG 
and N-back tasks, older participants showed lower 
activation, while for the SEM task, older showed 
higher activation, than the younger participants. For 
the FNC measures, older participants showed a large 
majority of lower FC, compared to the younger 
participants. 
 
Sparse canonical correlation analyses (sCCAs) 
 
Non-imaging dataset vs. sMRI dataset 
See Supplementary Tables 1 and 2. 
 
Non-imaging dataset vs. fMRI dataset 
See Supplementary Table 3. 
 
Reliability analyses 
 
See Supplementary Figure 1. 
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