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Introduction: Researchers have shown that music-evoked autobiographical memories (MEAMs) can stimulate long-term memory mechanisms while requiring little retrieval effort and may therefore be used in promising non-pharmacological interventions to mitigate memory deficits. Despite an increasing number of studies on MEAMs, few researchers have explored how MEAMs are bound in the brain.

Methods: In the current study activation indexed by fractional amplitude of low frequency fluctuations (fALFF) during familiar and unfamiliar MEAM retrieval was compared in a sample of 24 healthy older adults. Additionally, we aimed to investigate the impact of age-related gray matter volume (GMV) reduction in key regions associated with MEAM-related activation. In addition to a T1 structural scan, neuroimaging data were collected while participants listened to familiar music (MEAM retrieval) versus unfamiliar music.

Results: When listening to familiar compared to unfamiliar music, greater fALFF activation patterns were observed in the right parahippocampal gyrus, controlling for age and GMV. The current findings for the familiar (MEAM) condition have implications for cognitive aging as persons experiencing age-related memory decline are particularly susceptible to volumetric reduction in the parahippocampal cortex. Post-hoc analyses to explore correlations between brain activity and the content of MEAMs were performed using the text analysis program Linguistic Inquiry and Word Count.

Discussion: Our findings suggest that MEAM-related activation of the parahippocampal cortex is evident in normative older adults. However, it is yet to be determined whether such brain states are attainable in older adult populations diagnosed with mild cognitive impairment and/or prodromal Alzheimer’s disease.
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1 Introduction

Music and memory are deeply intertwined as listening to music can trigger memories of past experiences (Belfi et al., 2015; Jakubowski and Ghosh, 2021; Janata et al., 2007; Schulkind et al., 1999). These memories, known as music-evoked autobiographical memories (MEAMs; Janata et al., 2007), have received increasing attention within the context of social and behavioral sciences, as well as clinical and neurological research. Researchers in the field have shown that MEAMs can stimulate long-term memory mechanisms while requiring little retrieval effort (El Haj et al., 2012; Jakubowski and Ghosh, 2021; Janata, 2009). MEAMs can therefore be used in promising non-pharmacological interventions to mitigate memory deficits (Kaiser and Berntsen, 2023).

Within the context of social and behavioral sciences, scholars have focused on the cognitive and emotional aspects of MEAMs, while addressing the conditions that prompt their emergence. MEAMs include associations with autobiographical knowledge, such as references to persons, places, lifetime periods, and specific events (i.e., nature or cognitive content; Janata et al., 2007). Although music-evoked autobiographical associations are common phenomena across adulthood, researchers have documented age-related differences that may stem from changing internal drives (Lesiuk and Ripani, 2025). For instance, young adults more often recall persons or relationships as they may be mainly focused on building careers and relationships (Janata et al., 2007). In contrast, older adults tend to associate music with different life periods, as they may be engaging in retrospective reflections about their lives (Lesiuk and Ripani, 2025).

Across age levels, MEAMs are likely to be associated with positive and mixed emotions, such as happiness, youthfulness, and nostalgia (i.e., emotional content; Jakubowski and Ghosh, 2021; Janata et al., 2007; Juslin and Vastfjall, 2008). In addition, MEAMs can occur in a variety of contexts. Although researchers have mainly addressed the relationship between music and memories in laboratory settings (Belfi et al., 2015; Janata, 2009; Janata et al., 2007; Zator and Katz, 2017), MEAMs can also occur in naturalistic environments during routine tasks and moments of relaxation (Jakubowski and Ghosh, 2021).

Regardless of the setting, music-evoked memories are likely to be triggered by pieces that are autobiographically salient and emotionally charged (Bartlett and Snelus, 1980; Schulkind et al., 1999). For instance, older adults tend to recall autobiographical memories when listening to music from their adolescence and young adulthood (Krumhansl and Zupnick, 2013; Zimprich and Wolf, 2016), while young adults’ mental imagery is triggered by pieces that were popular during their childhood (Janata et al., 2007). One reason for this phenomenon is that listening to autobiographically salient music often evokes a “feeling of knowing,” which facilitates the recollection of memories (Jäncke, 2008). Furthermore, memories are not stored in isolation but are intricately linked with emotional states (Bower, 1981). As music evokes strong emotions, it can be involved in forming long-term memories (Jäncke, 2008). Listening to emotionally charged music can then serve as an effective stimulus for memory retrieval (Eschrich et al., 2008). Of note, the term “autobiographical music” is used interchangeably with familiar music, and the term “non-autobiographical music” is used interchangeably with unfamiliar music in this study.

Despite the growing body of research on MEAMs, the specific neural mechanisms underlying these memories remain relatively underexplored (Janata, 2009; Wilkins et al., 2014). Although limited in number, previous studies have highlighted the role of the default mode network (DMN) and its components, such as the medial prefrontal cortex (mPFC) and posterior cingulate cortex (PCC), which are crucial for self-reflective thought and socio-emotional memory (Kizilirmak et al., 2023). Wilkins et al. (2014) documented that the DMN showed the highest connectivity when participants listened to their preferred music. Similarly, Janata (2009) investigated the integration of music and autobiographical memories in the mPFC, demonstrating that the dorsal mPFC was activated during emotionally salient autobiographical songs.

Expanding on these findings, researchers have also explored the role of other brain regions, such as the parahippocampal cortex, which interact with the DMN during memory-related cognitive processes and subserve higher-order cognitive and affective functions (Aminoff and Tarr, 2015). For instance, Leaver et al. (2009) conducted a seminal study wherein young adult participants listened to the final 32 s of either highly familiar or unfamiliar instrumental recordings. They observed significantly greater activity in the PCC and the left parahippocampal cortex during the familiar listening condition. Satoh et al. (2006) also found that when participants judged the familiarity of musical pieces, there were greater changes in regional cerebral blood flow throughout the medial temporal lobe and the parahippocampal cortex.

The parahippocampal cortex has been strongly implicated in fMRI studies involving MEAMs. For example, the search for and retrieval of autobiographical memories evoked by music were associated with activation in the parahippocampus, hippocampus, left inferior temporal gyrus, and left PCC (Ford et al., 2011). In another study, autobiographical memory recollection during familiar music listening involved a cortico-ponto-cerebellar network including the left precuneus, bilateral anterior cingulum, parahippocampal gyri, frontal inferior operculum, ventral anterior insula, frontal medial orbital gyri, and parts of the cerebellum (Falcon et al., 2022).

While these studies have provided insights into how different areas are active during music listening and MEAM recall, there is still a need to clarify the specific brain regions that are involved during the process of MEAM retrieval and to identify differences in relation to the content of autobiographical memories. In addition, these studies mainly implemented a resting-state paradigm to study patterns of coactivation during what may be considered a functional task, i.e., autobiographical memory retrieval. A central issue in utilizing fMRI connectivity metrics as diagnostic biomarkers of behavioral performance and neuropathology is the reduced reliability from the task-based brain activity incurred before or during the resting-state acquisition, which can corrupt the “resting” functional connectivity signal (Shah et al., 2016).

One approach to circumvent the inherent assumptions and dependencies of traditional functional connectivity analyses is to capture the blood-oxygen-level-dependent (BOLD) signals evoked during active listening tasks by quantifying the amplitude of low-frequency fluctuations (ALFFs). The fractional amplitude of low-frequency fluctuations (fALFFs) measures the relative contribution of low-frequency fluctuations within a frequency band (0.01–0.08 Hz) and is thought to reflect a different aspect of the BOLD signal more sensitive to the amplitude of regional neuronal activity (Egorova et al., 2017). Whereas the BOLD signal extracted from resting-state connectivity analyses reflects the temporal synchrony between distinct regions, fALFF captures the amplitude of spontaneous neuronal activity and may even identify regions showing aberrant activity in cognitively impaired older adults (Zou et al., 2008). In particular, fALFF measures the relative contribution of low-frequency fluctuations within a specific frequency band relative to the whole detectable frequency range, thereby allowing researchers to characterize the amplitude of spontaneous neuronal activity in hippocampal regions germane to the pathophysiology of neuropsychiatric disorders such as dementia and milder forms of cognitive impairment (Chen et al., 2024; Yang et al., 2018; Zhou et al., 2020).

Researchers suggest that the spontaneous activity indexed by ALFF is not just present during the resting state but also during and after behavioral task performance (Fox et al., 2006; Fair et al., 2007). Thus, ALFF responses measured during task paradigms represent a combination of spontaneous activity and stimulus-evoked responses. While resting-state connectivity analyses allow for elucidating correlative patterns of spontaneous activity, ALFF indices are spatially unconstrained measures that can be collected independent of assumptions concomitant with a priori seed and network designation (Li et al., 2012; Montalà-Flaquer et al., 2023). Furthermore, although block designs have been the convention for music listening paradigms, the continuous quantification of low-frequency fluctuations is becoming more common in the field as an uninterrupted measure of brain responses to naturalistic stimuli shows greater reliability than when assessed by block design where auditory stimuli are separated by silence or non-musical sound (LI et al., 2012; Maguire, 2012; Sonkusare et al., 2019). Furthermore, ALFF responses to music have most recently been implemented in therapeutic applications due to the reliability of the signal from session to session (Wall et al., 2023). Thus, given our group’s interest in the potential implications of MEAMs in a therapeutic setting, the use of fALFF allows us to circumvent some of the spatial, temporal, and ecological limitations of the standard resting-state and task-based fMRI methodological approaches.

Given that music listening is associated with the spontaneous production of thoughts, feelings, and emotions, a technique developed to assess global changes in this spontaneity is perhaps better suited for the MEAM paradigm than traditional block designs or resting-state analyses (Di Liberto et al., 2021). Most recently, the mean ALFF (mALFF)/fALFF approach has been implemented with the MEAM paradigm. Carrière et al. (2020) used five excerpts of preferred musical pieces selected by eight healthy young-to-middle-aged adults and by the loved ones of nine post-comatose patients. Compared to resting state, listening to music was associated with increased ALFF in several brain regions including the brain stem, vermis, temporal pole, left inferior and middle temporal gyrus, left insular cortex, and left angular gyrus. Regarding fALFF, this study found no consciousness-level-dependent increases. Although the increased ALFF observed in this study implicates brain regions involved in music and auditory processing and stimulus recognition, the absence of an effect in the higher signal-producing fALFF analyses may suggest that these findings reflect greater noise than the BOLD signal.

Resting-state measures of ALFF are shown not only to predict task-evoked brain activity but also to correlate with cognitive-behavioral performance in adults (Liu et al., 2011; Wang et al., 2019; Yan et al., 2009; Zhao et al., 2014). More recently, investigations of healthy older adults confirmed that spontaneous brain oscillations in the parahippocampal gyrus are positively correlated with associative memory performance (Ren et al., 2015). Another study showed that older adults demonstrating superior self-initiated memory strategy use during an associative learning and memory task demonstrated predominant ALFF values in the superior frontal gyrus (Zheng et al., 2018). This coincides with the role of prefrontal cortices in strategic memory control processes (Shing et al., 2010).

Altogether, the MEAM paradigm has garnered attention from those seeking to understand how brain activity is differentially organized for familiar versus unfamiliar music. However, the interpretation of these findings presents challenges in reliably phenotyping brain activity during autobiographical retrieval. This is mainly due to the widely varying methodological approaches of capturing “resting-state” connectivity versus what may be argued as a task-based paradigm eliciting functional activity during memory retrieval. Moreover, given the importance of these memory processes in disorders of cognitive aging, it is imperative that these studies be reliably conducted in healthy older adults before we are able to extrapolate these findings to a clinical setting. Hence, the current study aimed to capture and compare whole-brain fALFF during familiar and unfamiliar MEAM retrieval in a sample of healthy older adults. Additionally, the current study aimed to investigate the impact of age-related gray matter volume (GMV) reduction in key regions influencing MEAM-related activation. As an additional, exploratory aim, this study sought to evaluate the associations between brain activity and the content of autobiographical memories. Meta-analytic and longitudinal studies suggest that volumetric reduction of hippocampal gray matter is associated with poorer memory performance on neuropsychological tests in healthy older adults (Barry et al., 2021; Chen et al., 2010; Van Petten, 2004). Moreover, age-related reduction in hippocampal volume is associated with decreased activation within the hippocampal and parahippocampal cortex during autobiographical memory retrieval (Maguire and Frith, 2003; Maguire et al., 2005; Viard et al., 2007).



2 Methods


2.1 Participants

This study involved 24 older adults residing in a major urban area in the Southeastern United States. The study was approved by the Institutional Research Board at the University of Miami. The sample consisted of 13 female (54.2%) and 11 male (45.8%) participants, with ages ranging between 60 and 80 years (M = 67.83, SD = 6.30). Participants exhibited typical cognitive aging, as assessed by the Montreal Cognitive Assessment tool (MoCA; Nasreddine et al., 2005; M = 28.50, SD = 1.73). No participant reported having hearing issues. The majority of participants identified themselves as white non-Hispanic (n = 13, 54.16%), while five participants (20.83%) described themselves as white Hispanic. Four participants (16.66%) selected the category African American, and two others (8.33%) preferred not to disclose their ethnicity.

Nearly half of the participants reported no prior musical training (n = 11, 45.8%). 1 participant (4.2%) was self-taught, 2 participants (8.4%) did not answer, and 10 participants (41.7%) received formal training, ranging from 1 to 6 years of music classes. Despite these differences, participants were actively engaged in musical activities. For example, many reported frequently listening to music during their childhood (n = 17, 70.9%) and adolescence/early adulthood (n = 20, 83.3%). On average, they estimated listening to music for 9.29 h per week (SD = 7.92). Regarding their attitude toward music, the majority of participants strongly agreed (n = 8, 33.3%), agreed (n = 5, 20.8%), and somewhat agreed (n = 2, 20.8%) with the statement “Music has played a significant role in my life.” Similarly, they mostly agreed (n = 11, 45.8%), strongly agreed (n = 5, 20.8%), and somewhat agreed (n = 5, 20.8%) that music evoked memories of events, people, and places.



2.2 Procedure

This study is the second phase of a larger research project, which unfolded in several steps (see Supplementary Figures S1, S2). In phase 1, participants completed an online questionnaire that included both open-ended and multiple-choice questions. Participants were asked to specify four autobiographical musical pieces, answer questions on their cognitive and emotional responses to self-selected music, and provide sociodemographic information.

In phase 2, participants were invited to our laboratory where a team of neurologists administered the Montreal Cognitive Assessment (MoCA; Nasreddine et al., 2005), a screening tool for detecting mild cognitive impairment (MCI). In addition, participants completed an fMRI scan that included a 12-min resting-state sequence, a T1 structural sequence (TR/TE = 2300/1 ms, FA = 9°, thickness = 1.0 mm, matrix size = 256 × 256), a 12-min autobiographical (familiar) music listening task, arterial spin labeling, a 12-min unfamiliar music listening task, and diffusion-weighted imaging. The familiar and unfamiliar music listening tasks were presented in a randomized order. Following the protocols approved by the institutional review board of a southern university, fMRI data were collected on a SIEMENS MAGNETOM 3.0 T XT Numaris/X VA50A-01NG (Standard Siemens headphones (e.g., Tim platform: mat.no. 10018373)) scanner using a 20-channel head coil. The fMRI protocol involved multiband acquisition to minimize scanner noise interference.

Both the autobiographical and non-autobiographical excerpts included three pieces. The non-autobiographical musical excerpt, the same for all participants, consisted of three pieces that are not part of common Western repertoires (i.e., Balinese Gamelan, Mongolian throat singing, and Zimbabwean Mbira music; Supplementary Figure S2). These pieces were selected to minimize familiarity and associations with the music, as recommended by Dr. Donald Hodges, music psychologist (personal communication). The autobiographical musical excerpt included three randomly selected pieces from the four self-selected pieces that participants indicated in phase 1. The research coordinator created MP3 files that included the non-autobiographical excerpt and a dedicated MP3 file with autobiographical music for each participant. Smooth transitions between pieces were achieved by gradually fading in and out. All MP3 files were preprocessed in the laboratory for loudness equalization to ensure consistent volume levels for the MR-audio stimulation system. Participants listened to both autobiographical and non-autobiographical music in the scanner using headphones, with the volume set equally across all conditions. Participants were asked to keep their eyes open, try not to move, listen and focus on the music, and experience any thoughts, memories, or emotions that might arise while listening to the music. The MRI technician verbally confirmed that the music clips were audible during the scan and no significant acoustic differences were observed between the familiar and unfamiliar music.

After the laboratory sessions, participants completed a second online questionnaire that included both open-ended and multiple-choice questions assessing cognitive and emotional responses to the musical excerpts that participants listened to during the brain imaging sessions. Finally, we conducted follow-up phone interviews. Responses to questionnaires 1 and 2, along with interview transcripts, were analyzed to characterize the cognitive and affective responses associated with the MEAMs during the listening tasks (Lesiuk and Ripani, 2024). Among these responses, answers to the question “If you would like to, briefly describe the event, person, place, or period of your life that this song/music reminds you of” were used for post-hoc analyses in this study.



2.3 Data analysis

Demographic data were analyzed using IBM SPSS 27.0 (IBM Corp, 2020). We installed the MIRToolbox in the MATLAB program to derive acoustic parameters of flatness, brightness, pulse clarity, key clarity, and loudness indicated by root mean square (RMS). These metrics were averaged across the three familiar music selections and compared to the parameters of the unfamiliar music selection. Familiar music was significantly different from unfamiliar music across all 5 indicators (Supplementary Tables S1a,b). The first-level functional brain images were preprocessed using Data Processing Assistant for Resting-State fMRI (DPARSF) V4.075, within the Data Processing & Analysis for Brain Imaging (DPABI) V2.01, implemented in MATLAB R2015b (MathWorks, Natick, MA, USA). The second-level analyses were performed using the Statistical Parametric Mapping (SPM) 12 package.2

Initially, the MRI scanner removed the first five volumes to account for magnetization equilibrium effects. In total, 1,232 volumes were preprocessed from each participant. Functional images were not corrected for slice-timing differences due to the relatively fast multiband recording (TR = 0.575 s). Although participants exhibited small head movements (<2 mm), head movement artifacts were systematically identified and corrected by evaluating framewise displacement (FD), which was defined as the sum of the absolute derivative values of the six head realignment parameters (Power et al., 2012). The FD parameter values were later used in creating nuisance regressors in the individual-level analyses. The Friston 24-parameter model was used which included the six head motion parameters (three translations and three rotations) the 6 head motion parameters at the previous time point, and the 12 corresponding squared items as nuisance regressors; Friston et al., 1996). Within the general linear model used to estimate the linear trend of the BOLD signal, white matter and cerebrospinal fluid signals were regressed out from the fMRI time series. T1-weighted images were extracted prior to analysis using the fMRI Imaging of the Brain (FMRIB) software library’s (FSL) brain extraction tool algorithm. Subsequently, both the T1 anatomical and noise-corrected functional images were normalized to Montreal Neurological Institute space using the anatomical image-based unified segmentation–spatial normalization approach wherein the T1 anatomical image was co-registered to the mean of the functional images (Ashburner and Friston, 2005). Finally, the spatially normalized, noise-corrected functional images were resampled to a voxel size of 3 × 3 × 3 and smoothed with an isotopic Gaussian kernel of 6-mm full width at half maximum.

fALFF was computed using individual preprocessed data in order to quantify the regional intrinsic brain activities during the listening sessions (Zou et al., 2008). We define fALFF as the ratio between the sum of Fourier amplitudes within a specific low-frequency range (0.01–0.1 Hz) and the sum of Fourier amplitudes across the entire frequency range (0–0.2 Hz). fALFF was calculated for each voxel in the whole brain to create an fALFF map for each participant. These beta maps were entered into the group-level analysis for the rest, familiar, and unfamiliar listening conditions and further standardized by the global mean of the fALFF map in producing Z-scores. After fMRI preprocessing, individual fALFF maps were entered into a second-level analysis within SPM-12. The fMRI data reflecting the contrast between familiar and unfamiliar music listening conditions of all subjects were analyzed by multiple regression controlling for age and whole-brain GMV. The statistical threshold was set as p < 0.001 uncorrected, extent threshold: 20 voxels.



2.4 LIWC analysis

Post-hoc analyses to explore correlations between brain activity and the content of MEAMs were performed using the text analysis program Linguistic Inquiry and Word Count (LIWC) (Pennebaker, 2001). The LIWC program contains a dictionary of over 2,000 words in 70 language categories and counts the frequency of words in each category. The LIWC has been used to examine many types of written and oral language samples, and when paired with neuroimaging, it shows promise in elucidating the activation of specific areas associated with specific cognitive processes (Brook O’Donnell and Falk, 2015).

The analyses focused on (1) personal pronouns, (2) positive emotion words, and (3) negative emotion words. We used the LIWC2015 internal English dictionary. The first-person singular pronoun category included the words “I, me, and mine.” The positive emotion category consisted of 642 word forms and patterns (e.g., “beautiful,” “favorite,” “respect,” and “roman*”), while the negative emotion category includes 746 word forms and patterns (e.g., words such as “angry,” “jealous,” “sad,” and “unwelcome”). Patterns that end with a star (‘*’) match any word form that starts identically, i.e., the pattern “romance” matches both “romance” and “romances.”

Individual responses from the second online questionnaire (“If you would like to, briefly describe the event, person, place, or period of your life that this song/music reminds you of”) were imported into an Excel 2016 spreadsheet. Each individual response was associated with the participant. Spelling errors (which are attributable to the experimenter’s transcription) were corrected using Excel 2016’s built-in English spell-check system. One participant was excluded due to missing data. While the program allowed for the examination of all possible LIWC variables (Drives, Cognition, Affect, Social, Cultural, Lifestyle, Physical, and Perception), we selected semantic categories based on previous studies, suggesting that dimensions such as perception and cognition may be the most salient aspects of MEAMs (Belfi et al., 2022; Pearson et al., 2023). The LIWC data derived from the final category and subcategory (perception and cognition) reflect the percentage of total words devoted to each category in the description of the familiar musical section.




3 Results


3.1 Greater signal differences in the familiar listening condition

When listening to familiar compared to unfamiliar music, greater fALFF activation patterns were observed in the right parahippocampal gyrus (PHG), right angular gyrus, bilateral medial temporal gyri, and right visual association area at a 0.005 (uncorrected) voxel wise threshold. A 7-mm spherical small volume correction was applied to the a priori regions associated with autobiographical memory, specifically the hippocampus as well as parahippocampal and retrosplenial regions. After the small volume correction, significantly greater fALFF activation was observed in the right parahippocampal cortex (k = 20, p = 0.001 (uncorrected), t = 5.28, MNI = 21, −27, −6).



3.2 Greater signal differences in the familiar listening condition controlling for age and GMV

An additional exploratory analysis was conducted to confirm these results when controlling for the effect of age and whole-brain GMV on fALFF. When listening to familiar compared to unfamiliar music, greater fALFF activation patterns were observed in the left medial temporal gyrus and the right parahippocampal cortex at a 0.001 (uncorrected) threshold, controlling for age and GMV. A 7-mm spherical small volume correction was applied to the a priori regions associated with autobiographical memory, specifically the hippocampus, parahippocampal cortex, and retrosplenial regions. After the small volume correction, significantly greater fALFF activation was observed in the right parahippocampal cortex (k = 6, p = 0.001 (uncorrected), t = 5.28, MNI = 21, −27, −6) when controlling for age and GMV (see Figure 1).
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FIGURE 1
 Greater signal differences in familiar versus unfamiliar listening conditions controlling for age and gray matter volume. Greater fALFF activation observed in the right parahippocampal cortex (MNI coordinates: x = 21, y = −27, z = −6; 6 voxels, p = 0.001, uncorrected).




3.3 Greater signal differences in the unfamiliar listening condition

When listening to unfamiliar compared to familiar music, greater fALFF activation patterns were observed in the right premotor and supplementary motor areas (k = 446, p = 0.009 (uncorrected), t = 7.17, MNI = 9, 24, 57), left visuo-motor cortex (k = 223, p = 0.037 (uncorrected), t = 6.58, MNI = −27, −42, 66), and right visuo-motor cortex (k = 105, p = 0.077 (uncorrected), t = 6.26, MNI = 42, −51, 57). These areas showed significance using a p < 0.001 (uncorrected) threshold at the voxel level and p < 0.05 (uncorrected) threshold at the cluster level.



3.4 Greater signal differences in the unfamiliar listening condition controlling for age and GMV

An additional exploratory analysis was conducted to confirm these results when controlling for the effect of age and whole-brain GMV on fALFF. When listening to unfamiliar compared to familiar music, greater fALFF activation patterns were again observed in the right premotor and supplementary motor areas (k = 419, p = 0.018 (uncorrected), t = 5.03, MNI = 9, 24, 57), left visuo-motor cortex (k = 223, p = 0.052 (uncorrected), t = 4.81, MNI = −27, −42, 66), and right visuo-motor cortex (k = 33, p = 0.126 (uncorrected), t = 4.64, MNI = 42, −51, 57). These areas showed significance using a p < 0.001 (uncorrected) threshold at the voxel level and p < 0.05 (uncorrected) threshold at the cluster level. A 7-mm spherical small volume correction was applied to the a priori regions associated with autobiographical memory, specifically the hippocampus, parahippocampal cortex, and retrosplenial regions. After the small volume correction, no significant fALFF activation was observed in the a priori regions.



3.5 Correlations between age, fALFF, and whole-brain and regional GMV

Additionally, correlations were examined to determine the relationship between GMV of the right parahippocampal cortex and right parahippocampal fALFF during familiar listening. The right parahippocampal GMV and fALFF during familiar listening were not significantly correlated, r = −0.265, p = 0.106 (Figure 2). The whole-brain GMV was also not associated with right parahippocampal fALFF during familiar listening, r = −0.202, p = 0.345. This suggests that fALFF activation occurs independently of GMV. Additionally, as expected, across the sample, age and total GMV were negatively correlated (r = −0.361, p = 0.042).

[image: Figure 2]

FIGURE 2
 Correlations between fALFF and gray matter volume of the right parahippocampal gyrus.




3.6 Post-hoc analyses: brain activity and content of autobiographical memories

Post-hoc analyses explored correlations between brain activity and the following dimensions of MEAMs: Drives, Cognition, Affect, Social, Cultural, Lifestyle, Physical, and Perceptions. Correlations between these supraordinate semantic categories and the mean parahippocampal gyrus fALFF during the familiar listening condition are plotted on a line graph (see Figure 3). A Bonferroni adjustment was made to the results of the two-tailed Pearson correlation coefficient test comparing fALFF to the aforementioned MEAM dimensions (0.05 ÷ 8 = 0.0625).
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FIGURE 3
 Bar graph of correlations between music-evoked autobiographical memory–elicited fALFF of parahippocampal gyrus and semantic categories from the Linguistic Inquiry and Word Count analysis.


The only positive correlation between the semantic categories and bilateral fALFF observed at the trend level was with Cognition (r = 0.403, p = 0.057). Additionally, there was a negative correlation with the use of Culture words in describing the familiar musical selections, (r = −0.417, p = 0.048). However, the results of the correlational analysis did not meet the threshold of statistical significance after adjusting for multiple comparisons (α = 0.00625). Nevertheless, we explored the correlation between the PHG fALFF and the 8 subordinate LIWC Cognition categories based upon our a priori hypothesis that the cognitive LIWC category would relate to the hippocampal fALFF activation during the familiar MEAM. The categories included Cognitive processes, Insight, Causal, Discrepancy, Tentative, Certitude, Differ, and Memory (see Figure 4). Positive correlations and trends were observed between bilateral PHG fALFF and Cognitive processes (r = 0.402, p = 0.057), Insight (r = 0.585, p = 0.003), and Memory (r = 0.540, p = 0.008). After adjusting for multiple comparisons (α = 0.006), Insight was the only significant subordinate cognitive category to correlate with familiar parahippocampal fALFF (α = 0.00625).
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FIGURE 4
 Bar graph of correlations between music-evoked autobiographical memory–elicited fALFF of parahippocampal gyrus and cognitive subcategories from the Linguistic Inquiry and Word Count analysis.





4 Discussion

Previous research has identified several brain areas involved in MEAMs, but results have been inconsistent due to variations in methodological approaches. Differences in memory evocation techniques and the use of resting-state versus task-based analyses have led to mixed results in defining a clear neural signature for MEAMs. This study aimed to clarify which specific brain regions are activated during MEAM retrieval and to explore how these activations vary depending on the content of the memories. To address the methodological challenges observed in prior research, we used fALFF to measure brain activity in healthy older adults as they listened to familiar and unfamiliar music. We also examined how these activations are influenced by normal age-related changes in the brain structure, specifically GMV reduction.

Findings revealed that the right parahippocampal cortex exhibited greater fALFF when participants listened to familiar music than unfamiliar music. This result partly aligns with previous research, including Leaver et al.’s (2009) seminal study, which demonstrated significantly greater activity in the PCC and parahippocampal cortex during familiar music listening. The lateralization of the effect for parahippocampal activation, favoring the right PHG in the current study, may reflect the influence of musical expertise and training on enhanced retrieval of memories tied to familiar music (Groussard et al., 2010). Similarly, Satoh et al. (2006) observed increased regional cerebral blood flow throughout the medial temporal lobe and the parahippocampal cortex when participants judged the familiarity of musical pieces. Overall, these results underscore the central role of the parahippocampal cortex in processing familiar music and its broader significance in memory-related functions. As a key region in the medial temporal lobe, the PHG is crucial for memory formation and associative learning (Aminoff and Tarr, 2015), playing a central role in spatial and non-spatial aspects of contextual processing, scene processing, navigation, and episodic memory.

Importantly, the observed activation patterns in the right parahippocampal cortex remained robust even after controlling for age and GMV. GMV is known to decrease with normal aging (Hafkemeijer et al., 2014), particularly in the hippocampus and associated areas. This decline is further exacerbated in conditions such as Alzheimer’s disease (AD) (Nobis et al., 2019). In our study, although age was associated with significantly lower GMV across the whole brain, it did not affect the volume of the right parahippocampal cortex. Moreover, right parahippocampal fALFF during the familiar listening condition was not correlated with the GMV of the whole brain or the PHG, suggesting that the functional activity observed is not dependent on structural changes.

These findings underscore the potential for using fALFF in conjunction with volumetric analyses to gain new insights into the neural correlates of brain aging. In addition, these findings have important implications for cognitive aging. The ability of older adults to retrieve memories through familiar music may remain intact despite age-related structural decline in brain regions. Although further studies are needed, particularly in clinical populations such as those with MCI or AD, our findings raise the possibility that MEAMs could be leveraged in therapeutic contexts to stimulate brain regions involved in memory retrieval. Indeed, prior research has shown that individuals with MCI or AD exhibit differences in neural activation during familiar music listening, suggesting that MEAMs may engage spared memory networks in these populations (Thaut et al., 2020).

In addition to examining brain activity, we analyzed the language participants used to describe their autobiographical music selections. The words people choose can reveal much about their traits, cognitions, and behaviors (Aramaki et al., 2016; Chung and Pennebaker, 2018). To explore these dimensions, we used the LIWC protocol (Pennebaker et al., 2003), which has been successfully integrated with the MEAM paradigm in previous research. For example, logistic regression models trained on the LIWC and autobiographical interview data have been able to differentiate between memories evoked by popular music versus familiar faces with above-average accuracy (Belfi et al., 2020). A subsequent study confirmed that MEAMs evoke more LIWC-measured perceptual details than picture-evoked autobiographical memories (Belfi et al., 2022). In addition, previous research has shown that writing down spontaneously evoked memories provides richer perceptual details than orally recording them (Pearson et al., 2023). This observation further validated our post-hoc comparison of written descriptions of autobiographical memories evoked by the familiar musical selections with the magnitude of fALFF observed during those conditions.

While our study provides valuable insights into the neural mechanisms of MEAMs in healthy older adults, several limitations must be acknowledged. First, the sample size was relatively small (N = 24), which may restrict the generalization of the findings to a broad population. Second, fALFF focuses on low-frequency fluctuations, which may miss higher-frequency activity that could be relevant to MEAMs in certain brain regions. Third, the correlations reported between the fALFF activity and linguistic dimensions were not corrected for multiple comparisons, which increases the likelihood of false positives. Fourth, while it was our intent to have participants listen to music that they had no or minimal associations with, and evidence suggests no neural differentiation in cross-cultural comprehension (Morrison et al., 2003), we may have inadvertently examined differences in music cultures. Finally, despite past evidence suggesting that BOLD responses may not be sensitive to cultural differences in music selections (Morrison et al., 2003), neuroimaging paradigms involving MEAMs have not effectively accounted for the host of acoustic features that are shown to reliably alter the BOLD response such as evinced by fullness, brightness, activity, timbral complexity, and pulse clarity (Toiviainen et al., 2014). Future studies will need to, at the minimum, control for the effect of these acoustic features on BOLD response to MEAMs. Additionally, our study focused on healthy older adults, limiting the generalizability of the findings to clinical populations. Finally, our study examined neural activity within a relatively long music listening session (i.e., two 12-min sessions) in which conditions required while in an fMRI can be demanding or uncomfortable for participants. For example, the noise of the fMRI may intrude on listeners and the tight bore of the machine may impact one psychologically. However, any of these influences on the results were minimalized by the counterbalanced design of comparing uninterrupted listening conditions. Moreover, although the effect of scanner noise on strict resting-state fMRI is not negligible, the hippocampal and parahippocampal regions reported in our current study are not among those regions reportedly implicated in the effect of bore conditions on the low-frequency signal (Rondinoni et al., 2013; Skouras et al., 2013).

In conclusion, our study provides preliminary evidence that listening to familiar music evokes greater activity in the right parahippocampal cortex compared to unfamiliar music and that this activity correlates with the use of insightful cognitive words in describing autobiographical memories. Although our findings suggest a link between MEAM-evoked fALFF in the PHG and word generation in the cognitive-insight domain, these results may be biased as the results for the semantic category of cognition did not withstand control for multiple comparisons across the eight LIWC semantic domains. Hence, the importance of cognitive insight in familiar MEAM responses within the parahippocampal cortex should not be overstated due to the exploratory nature of those analyses. These findings correspond with other human neuroimaging and neuropsychological work implicating the PHG, in conjunction with fronto-hippocampal network, in source memory attribution, i.e., insight (Henson, 2005; Kounios and Beeman, 2014; Mayes et al., 2007; Mitchell et al., 2005; Shen et al., 2013). Future studies will need to compare the MEAM-related medial temporal lobe fALFF activity in healthy older adults to that of individuals at risk for early-onset dementia or MCI. This study may help to elucidate the therapeutic potential of MEAMs.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by University of Miami Institutional Review Board. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

TL: Writing – original draft, Writing – review & editing. KD: Writing – original draft, Writing – review & editing. GP: Writing – original draft, Writing – review & editing. GR: Writing – original draft, Writing – review & editing. BL: Writing – review & editing. II: Writing – review & editing. XS: Writing – original draft, Writing – review & editing. RM: Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. We are grateful to the Pearce Foundation for funding this research project.



Acknowledgments

We appreciate the study participants who gave their time to this study.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnins.2024.1479150/full#supplementary-material



Footnotes

1   http://rfmri.org/dpabi

2   http://www.fil.ion.ucl.ac.uk/spm



References

 Aminoff, E. M., and Tarr, M. J. (2015). Associative processing is inherent in scene perception. PLoS One 10:e0128840. doi: 10.1371/journal.pone.0128840 

 Aramaki, E., Shikata, S., Miyabe, M., and Kinoshita, A. J. P. (2016). Vocabulary size in speech may be an early indicator of cognitive impairment. PLoS One 11:e0155195. doi: 10.1371/journal.pone.0155195 

 Ashburner, J., and Friston, K. J. (2005). Unified segmentation. Neuroimage 26, 839–851. doi: 10.1016/j.neuroimage.2005.02.018 

 Barry, D. N., Clark, I. A., and Maguire, E. A. (2021). The relationship between hippocampal subfield volumes and autobiographical memory persistence. Hippocampus 31, 362–374. doi: 10.1002/hipo.23293 

 Belfi, A. M., Bai, E., and Stroud, A. J. M. P. (2020). Comparing methods for analyzing music-evoked autobiographical memories. Music. Percept. 37, 392–402. doi: 10.1525/MP.2020.37.5.392

 Belfi, A. M., Bai, E., Stroud, A., Twohy, R., and Beadle, J. N. (2022). Investigating the role of involuntary retrieval in music-evoked autobiographical memories. Music. Percept. 100:103305. doi: 10.1016/j.concog.2022.103305 

 Belfi, A. M., Karlan, B., and Tranel, D. (2015). Music evokes vivid autobiographical memories. Memory 24, 979–989. doi: 10.1080/09658211.2015.1061012 

 Bower, G. H. (1981). Mood and memory. Am. Psychol. 36, 129–148. doi: 10.1037/0003-066X.36.2.129 

 Bartlett, J. C., and Snelus, P. (1980). Lifespan memory for popular songs. Am. J. Psychol. 93, 551–560. doi: 10.2307/1422730

 Brook O’Donnell, M., and Falk, E. B. (2015). Linking neuroimaging with functional linguistic analysis to understand processes of successful communication. Commun. Methods Meas. 9, 55–77. doi: 10.1080/19312458.2014.999751 

 Carrière, M., Larroque, S. K., Martial, C., Bahri, M. A., Aubinet, C., Perrin, F., et al. (2020). An echo of consciousness: brain function during preferred music. Brain Connect. 10, 385–395. doi: 10.1089/brain.2020.0744 

 Chen, K. H., Chuah, L. Y., Sim, S. K., and Chee, M. W. (2010). Hippocampal region-specific contributions to memory performance in normal elderly. Brain Cogn. 72, 400–407. doi: 10.1016/j.bandc.2009.11.007 

 Chen, P., Tang, G., Wang, Y., Xiong, W., Deng, Y., Fei, S., et al. (2024). Spontaneous brain activity in the hippocampal regions could characterize cognitive impairment in patients with Parkinson's disease. CNS Neurosci. Ther. 30:e14706. doi: 10.1111/cns.14706 

 Chung, C. K., and Pennebaker, J. W. (2018). “What do we know when we LIWC a person? Text analysis as an assessment tool for traits, personal concerns and life stories” in The SAGE handbook of personality and individual differences: the science of personality and individual differences. eds. V. Zeigler-Hill and T. K. Shackelford (Thousand Oaks, CA: Sage), 341–360.

 Di Liberto, G. M., Marion, G., and Shamma, S. A. (2021). The music of silence: part II: music listening induces imagery responses. J. Neurosci. 41, 7449–7460. doi: 10.1523/JNEUROSCI.0184-21.2021 

 Egorova, N., Våldsman, M., Cumming, T., and Brodtmann, A. (2017). Fractional amplitude of low-frequency fluctuations (fALFF) in post-stroke depression. Neuroimage Clin. 16, 116–124. doi: 10.1016/j.nicl.2017.07.014 

 El Haj, M., Postal, V., and Allain, P. (2012). Music enhances autobiographical memory in mild Alzheimer’s disease. Educ. Gerontol. 38, 30–41. doi: 10.1080/03601277.2010.515897 

 Eschrich, S., Münte, T. F., and Altenmüller, E. O. (2008). Unforgettable film music: the role of emotion in episodic long-term memory for music. BMC Neurosci. 9:48. doi: 10.1186/1471-2202-9-48 

 Fair, D. A., Schlaggar, B. L., Cohen, A. L., Miezin, F. M., Dosenbach, N. U., Wenger, K. K., et al. (2007). A method for using blocked and event-related fMRI data to study “resting state” functional connectivity. Neuroimage 35, 396–405. doi: 10.1016/j.neuroimage.2006.11.051 

 Falcon, C., Navarro-Plaza, M. C., Gramunt, N., Arnaza-Urquijo, E. M., Grau-Rivera, O., Cacciaglia, R., et al. (2022). Soundtrack of life: an fMRI study. Behav. Brain Res. 418:113634. doi: 10.1016/j.bbr.2021.113634 

 Ford, J. H., Addis, D. R., and Giovanello, K. S. (2011). Differential neural activity during search of specific and general autobiographical memories elicited by musical cues. Neuropsychologia 49, 2514–2526. doi: 10.1016/j.neuropsychologia.2011.04.032 

 Fox, M. D., Snyder, A. Z., Zacks, J. M., and Raichle, M. E. (2006). Coherent spontaneous activity accounts for trial-to-trial variability in human evoked brain responses. Nat. Neurosci. 9, 23–25. doi: 10.1038/nn1616 

 Friston, K. J., Williams, S., Howard, R., Frackowiak, R. S., and Turner, R. (1996). Movement-related effects in fMRI time-series. Magn. Reson. Med. 35, 346–355. doi: 10.1002/mrm.1910350312 

 Groussard, M., Viader, F., Hubert, V., Landeau, B., Abbas, A., Desgranges, B., et al. (2010). Musical and verbal semantic memory: two distinct neural networks? Neuroimage 49, 2764–2773. doi: 10.1016/j.neuroimage.2009.10.039 

 Hafkemeijer, A., Altmann-Schneider, I., de Craen, A. J. M., Slagboom, P. E., van der Grond, J., and Rombouts, S. A. R. B. (2014). Associations between age and gray matter volume in anatomical brain networks in middle-aged to older adults. Aging Cell 13, 1068–1074. doi: 10.1111/acel.12271 

 Henson, R. (2005). A mini-review of fMRI studies of human medial temporal lobe activity associated with recognition memory. Q. J. Exp. Psychol. B 58, 340–360. doi: 10.1080/02724990444000113 

 IBM Corp (2020). IBM SPSS statistics for windows. New York: IBM Corp.

 Jakubowski, K., and Ghosh, A. (2021). Music-evoked autobiographical memories in everyday life. Psychol. Music 49, 649–666. doi: 10.1177/0305735619888803

 Janata, P. (2009). The neural architecture of music-evoked autobiographical memories. Cereb. Cortex 19, 2579–2594. doi: 10.1093/cercor/bhp008 

 Janata, P., Tomic, S. T., and Rakowski, S. K. (2007). Characterization of music-evoked autobiographical memories. Memory 15, 845–860. doi: 10.1080/09658210701734593 

 Jäncke, L. (2008). Music, memory and emotion. J. Biol. 7:21. doi: 10.1186/jbiol82 

 Juslin, P. N., and Vastfjall, D. (2008). Emotional responses to music: the need to consider underlying mechanisms. Behav. Brain Sci. 31, 559–575. doi: 10.1017/S0140525X08005293 

 Kaiser, A. P., and Berntsen, D. (2023). The cognitive characteristics of music-evoked autobiographical memories: evidence from a systematic review of clinical investigations. Wiley Interdiscip. Rev. Cogn. Sci. 14:627. doi: 10.1002/wcs.1627 

 Kizilirmak, J. M., Soch, J., Schütze, H., Düzel, E., Feldhoff, H., Fischer, L., et al. (2023). The relationship between resting-state amplitude fluctuations and memory-related deactivations of the default mode network in young and older adults. Hum. Brain Mapp. 44, 3586–3609. doi: 10.1002/hbm.26299 

 Kounios, J., and Beeman, M. (2014). The cognitive neuroscience of insight. Annu. Rev. Psychol. 65, 71–93. doi: 10.1146/annurev-psych-010213-115154 

 Krumhansl, C. L., and Zupnick, J. A. (2013). Cascading reminiscence bumps in popular music. Psychol. Sci. 24, 2057–2068. doi: 10.1177/0956797613486486 

 Leaver, A. M., Van Lare, J., Zielinski, B., Halpern, A. R., and Rauschecker, J. P. (2009). Brain activation during anticipation of sound sequences. J. Neurosci. 29, 2477–2485. doi: 10.1523/JNEUROSCI.4921-08.2009 

 Lesiuk, T., and Ripani, A. (2025). The cognitive and emotional content of music-evoked autobiographical memories in older adults. Psychol. Music. doi: 10.1177/03057356241292067

 Li, Z., Kadivar, A., Pluta, J., Dunlop, J., and Wang, Z. (2012). Test–retest stability analysis of resting brain activity revealed by blood oxygen level-dependent functional MRI. J. Magn. Reson. Imaging 36, 344–354. doi: 10.1002/jmri.23670 

 Liu, X., Zhu, X.-H., and Chen, W. J. N. (2011). Baseline BOLD correlation predicts individuals' stimulus-evoked BOLD responses. Neuroimage 54, 2278–2286. doi: 10.1016/j.neuroimage.2010.10.001 

 Maguire, E. A. (2012). Studying the freely-behaving brain with fMRI. Neuroimage 62, 1170–1176. doi: 10.1016/j.neuroimage.2012.01.009 

 Maguire, E. A., and Frith, C. D. (2003). Aging affects the engagement of the hippocampus during autobiographical memory retrieval. Brain 126, 1511–1523. doi: 10.1093/brain/awg157 

 Maguire, E. A., Frith, C. D., Rudge, P., and Cipolotti, L. (2005). The effect of adult-acquired hippocampal damage on memory retrieval: an fMRI study. Neuroimage 27, 146–152. doi: 10.1016/j.neuroimage.2005.04.006 

 Mayes, A., Montaldi, D., and Migo, E. (2007). Associative memory and the medial temporal lobes. Trends Cogn. Sci. 11, 126–135. doi: 10.1016/j.tics.2006.12.003 

 Mitchell, J. P., Dodson, C. S., and Schacter, D. L. (2005). fMRI evidence for the role of recollection in suppressing misattribution errors: the illusory truth effect. J. Cogn. Neurosci. 17, 800–810. doi: 10.1162/0898929053747595 

 Montalà-Flaquer, M., Cañete-Massé, C., Vaqué-Alcázar, L., Bartrés-Faz, D., Peró-Cebollero, M., and Guàrdia-Olmos, J. J. (2023). Spontaneous brain activity in healthy aging: an overview through fluctuations and regional homogeneity. Front. Aging Neurosci. 14:1002811. doi: 10.3389/fnagi.2022.1002811 

 Morrison, S. J., Demorest, S. M., Aylward, E. H., Cramer, S. C., and Maravilla, K. R. (2003). fMRI investigation of cross-cultural music comprehension. Neuroimage 20, 378–384. doi: 10.1016/s1053-8119(03)00300-8 

 Nasreddine, Z. S., Phillips, N. A., Bédirian, V., Charbonneau, S., Whitehead, V., Collin, I., et al. (2005). The Montreal cognitive assessment, MoCA: a brief screening tool for mild cognitive impairment. J. Am. Geriatr. Soc. 53, 695–699. doi: 10.1111/j.1532-5415.2005.53221.x 

 Nobis, L., Manohar, S. G., Smith, S. M., Alfaro-Almagro, F., Jenkinson, M., Mackay, C. E., et al. (2019). Hippocampal volume across age: nomograms derived from over 19,700 people in UK biobank. Neuroimage Clin. 23:101904. doi: 10.1016/j.nicl.2019.101904 

 Pearson, E., Graff, J., Bai, E., Jakubowski, K., and Belfi, A. M. (2023). Differences in autobiographical memories reported using text and voice during everyday life. Memory 31, 393–405. doi: 10.1080/09658211.2022.2162084 

 Pennebaker, J. W. (2001). Linguistic inquiry and word count: LIWC 2001. Mahwah, NJ: Lawrence Erlbaum Associates.

 Pennebaker, J. W., Mehl, M. R., and Niederhoffer, K. G. (2003). Psychological aspects of natural language use: our words, our selves. Annu. Rev. Psychol. 54, 547–577. doi: 10.1146/annurev.psych.54.101601.145041 

 Power, J. D., Barnes, K. A., Snyder, A. Z., Schlaggar, B. L., and Petersen, S. E. (2012). Spurious but systematic correlations in functional connectivity MRI networks arise from subject motion. Neuroimage 59, 2142–2154. doi: 10.1016/j.neuroimage.2011.10.018 

 Ren, W., Li, R., Zheng, Z., and Li, J. (2015). Neural correlates of associative memory in the elderly: a resting-state functional MRI study. Biomed. Res. Int. 2015:129180. doi: 10.1155/2015/129180 

 Rondinoni, C., Amaro, E. Jr., Cendes, F., Santos, A. D., and Salmon, C. E. G. (2013). Effect of scanner acoustic background noise on strict resting-state fMRI. Braz. J. Med. Biol. Res. 46, 359–367. doi: 10.1590/1414-431X20132799 

 Satoh, M., Takeda, K., Nagata, K., Shimosegawa, E., and Kuzuhara, S. J. A. (2006). Positron-emission tomography of brain regions activated by recognition of familiar music. Am. J. Neuroradiol. 27, 1101–1106 

 Schulkind, M. D., Hennis, L. K., and Rubin, D. C. (1999). Music, emotion, and autobiographical memory: they’re playing your song. Mem. Cogn. 27, 948–955. doi: 10.3758/bf03201225 

 Shah, L. M., Cramer, J. A., Ferguson, M. A., Birn, R. M., and Anderson, J. S. (2016). Reliability and reproducibility of individual differences in functional connectivity acquired during task and resting state. Brain Behav. 6:e00456. doi: 10.1002/brb3.456 

 Shen, W., Luo, J., Liu, C., and Yuan, Y. (2013). New advances in the neural correlates of insight: a decade in review of the insightful brain. Chin. Sci. Bull. 58, 1497–1511. doi: 10.1007/s11434-012-5565-5

 Shing, Y. L., Werkle-Bergner, M., Brehmer, Y., Müller, V., Li, S. C., and Lindenberger, U. (2010). Episodic memory across the lifespan: the contributions of associative and strategic components. Neurosci. Biobehav. Rev. 34, 1080–1091. doi: 10.1016/j.neubiorev.2009.11.002 

 Skouras, S., Gray, M., Critchley, H., and Koelsch, S. (2013). fMRI scanner noise interaction with affective neural processes. PLoS One 8:e80564. doi: 10.1371/journal.pone.0080564 

 Sonkusare, S., Breakspear, M., and Guo, C. (2019). Naturalistic stimuli in neuroscience: critically acclaimed. Trends Cogn. Sci. 23, 699–714. doi: 10.1016/j.tics.2019.05.004 

 Thaut, M. H., Fischer, C. E., Leggieri, M., Vuong, V., Churchill, N., Fornazzari, L., et al. (2020). Neural basis of long-term musical memory in cognitively impaired older persons. Alzheimer Dis. Assoc. Disord. 34, 267–271. doi: 10.1097/wad.0000000000000382 

 Toiviainen, P., Alluri, V., Brattico, E., Wallentin, M., and Vuust, P. (2014). Capturing the musical brain with lasso: dynamic decoding of musical features from fMRI data. Neuroimage 88, 170–180. doi: 10.1016/j.neuroimage.2013.11.017 

 Van Petten, C. (2004). Relationship between hippocampal volume and memory ability in healthy individuals across the lifespan: review and meta-analysis. Neuropsychologia 42, 1394–1413. doi: 10.1016/j.neuropsychologia.2004.04.006 

 Viard, A., Piolino, P., Desgranges, B., Chételat, G., Lebreton, K., Landeau, B., et al. (2007). Hippocampal activation for autobiographical memories over the entire lifetime in healthy aged subjects: an fMRI study. Cereb. Cortex 17, 2453–2467. doi: 10.1093/cercor/bhl153 

 Wall, M. B., Lam, C., Ertl, N., Kaelen, M., Roseman, L., Nutt, D. J., et al. (2023). Increased low-frequency brain responses to music after psilocybin therapy for depression. J. Affect. Disord. 333, 321–330. doi: 10.1016/j.jad.2023.04.081 

 Wang, P., Yang, J., Yin, Z., Duan, J., Zhang, R., Sun, J., et al. (2019). Amplitude of low-frequency fluctuation (ALFF) may be associated with cognitive impairment in schizophrenia: a correlation study. BMC Psychiatry 19:30. doi: 10.1186/s12888-018-1992-4 

 Wilkins, R. W., Hodges, D. A., Laurienti, P. J., Steen, M., and Burdette, J. H. (2014). Network science and the effects of music preference on functional brain connectivity: from Beethoven to Eminem. Sci. Rep. 4:6130. doi: 10.1038/srep06130 

 Yan, C., Liu, D., He, Y., Zou, Q., Zhu, C., Zuo, X., et al. (2009). Spontaneous brain activity in the default mode network is sensitive to different resting-state conditions with limited cognitive load. PLoS One 4:e5743. doi: 10.1371/journal.pone.0005743 

 Yang, L., Yan, Y., Wang, Y., Hu, X., Lu, J., Chan, P., et al. (2018). Gradual disturbances of the amplitude of low-frequency fluctuations (ALFF) and fractional ALFF in Alzheimer spectrum. Front. Neurosci. 12:975. doi: 10.3389/fnins.2018.00975 

 Zator, K., and Katz, A. N. (2017). The language used in describing autobiographical memories prompted by life period visually presented verbal cues, event-specific visually presented verbal cues and short musical clips of popular music. Memory 25, 831–844. doi: 10.1080/09658211.2016.1224353 

 Zhao, Z., Lu, J., Jia, X., Chao, W., Han, Y., Jia, J., et al. (2014). Selective changes of resting-state brain oscillations in aMCI: an fMRI study using ALFF. Biomed. Res. Int. 2014:920902. doi: 10.1155/2014/920902 

 Zheng, Z., Li, R., Xiao, F., He, R., Zhang, S., and Li, J. (2018). Intrinsic spontaneous brain activity predicts individual variability in associative memory in older adults. Psych J. 7, 77–91. doi: 10.1002/pchj.212 

 Zhou, Q. H., Wang, K., Zhang, X. M., Wang, L., and Liu, J. H. (2020). Differential regional brain spontaneous activity in subgroups of mild cognitive impairment. Front. Hum. Neurosci. 14:2. doi: 10.3389/fnhum.2020.00002 

 Zimprich, D., and Wolf, T. (2016). The distribution of memories for popular songs in old age: an individual differences approach. Psychol. Music 44, 640–657. doi: 10.1177/0305735615578708

 Zou, Q.-H., Zhu, C.-Z., Yang, Y., Zuo, X.-N., Long, X.-Y., Cao, Q.-J., et al. (2008). An improved approach to detection of amplitude of low-frequency fluctuation (ALFF) for resting-state fMRI: fractional ALFF. J. Neurosci. Methods 172, 137–141. doi: 10.1016/j.jneumeth.2008.04.012 


Copyright
 © 2025 Lesiuk, Dillon, Ripani, Iliadis, Perez, Levin, Sun and McIntosh. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fnins-18-1479150-g003.jpg
- %,

o,

@ ¥ o
s o o

447V} OHd WV Jerjiwe) ypim
JUBID1J303 UOIJB|21I0D UOSIEdd

LIWC Semantic Categories





OPS/images/fnins-18-1479150-g004.jpg
o B = o
s © o° o

447V} OHd WY 4!
JUBID11}209 UOIL|ILI0D UOSIEdd

F o

LIWC Cognition subcategories





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Fractional amplitude of low-frequency fluctuations during music-evoked autobiographical memories in neurotypical older adults



		1 Introduction



		2 Methods



		2.1 Participants



		2.2 Procedure



		2.3 Data analysis



		2.4 LIWC analysis









		3 Results



		3.1 Greater signal differences in the familiar listening condition



		3.2 Greater signal differences in the familiar listening condition controlling for age and GMV



		3.3 Greater signal differences in the unfamiliar listening condition



		3.4 Greater signal differences in the unfamiliar listening condition controlling for age and GMV



		3.5 Correlations between age, fALFF, and whole-brain and regional GMV



		3.6 Post-hoc analyses: brain activity and content of autobiographical memories









		4 Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		Footnotes



		References



















OPS/images/fnins-18-1479150-g001.jpg





OPS/images/fnins-18-1479150-g002.jpg
Correlation Between Right PHC fALFF and GMV
. 0.0060

0.0055-

0.0050 \

0.0045-

Gray Matter Volume (ml|

0.0040;
00 02 04 06 08 10

ALFF (Z-score)





OPS/images/cover.jpg
'frontiers Frontiers in Neuroscience

Fractional amplitude of
low-frequency ufl ctuations
during music-evoked
autobiographical memories in
neurotypical older adults












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Neuroscience






