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Self-relevance effects are often confounded by the presence of
emotional content, rendering it difficult to determine how brain
networks functionally connected to the ventromedial prefrontal cortex
(vmPFC) are affected by the independent contributions of self-
relevance and emotion. This difficulty is complicated by age-related
changes in functional connectivity between the vmPFC and other
default mode network regions, and regions typically associated with
externally oriented networks. We asked groups of younger and older
adults to imagine placing emotional and neutral objects in their home
or a stranger’s home. An age-invariant vmPFC cluster showed
increased activation for self-relevant and emotional content processing.
Functional connectivity analyses revealed age × self-relevance
interactions in vmPFC connectivity with the anterior cingulate cortex.
There were also age × emotion interactions in vmPFC functional
connectivity with the anterior insula, orbitofrontal gyrus, inferior
frontal gyrus, and supramarginal gyrus. Interactions occurred in
regions with the greatest differences between the age groups, as
revealed by conjunction analyses. Implications of the findings are
discussed.
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The concept of the self has occupied the minds of scientists and philosophers over many centuries.
Descartes (1641/1984) inextricably linked the self with introspection, subsequently distinguishing it from
the body, and establishing Cartesian dualism. In his bundle theory, Hume (1739/2003) laid out a more
materialist account, suggesting the self is not a unified whole, but rather the by-product of the individual’s
perceptions. Although a conclusive definition of the self is not provided in modern psychological accounts,
research findings point to the neural and psychological representations of cognition, motivation, and affect
as supporting this construct (Gillihan & Farah, 2005; Markus & Nurius, 1986). Importantly, while seeking
to understand the self, in modern psychological accounts scholars have demonstrated that self-relevant
content, or information that relates to an individual’s identity or goals, can provide cognitive enhancements
across the adult life span (Alexopoulos, Muller, Ric, & Marendaz, 2012; Cunningham, Brady-Van den Bos, &
Turk, 2011; Glisky & Marquine, 2009; Grilli, Woolverton, Crawford, & Glisky, 2018; Gutchess, Kensinger,
Yoon, & Schacter, 2007; Hou, Grilli, & Glisky, 2019; Leshikar, Dulas, & Duarte, 2015; Mueller, Wonderlich,
& Dugan, 1986).
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In neuroscientific accounts (Gusnard, Akbudak, Shulman, & Raichle, 2001; Kelley et al., 2002) the
processing of information related to the self is associated with increased activation in the medial prefrontal
cortex. What is intriguing for researchers is that the medial prefrontal cortex is also implicated in the
processing and regulation of emotion (Etkin, Egner, & Kalisch, 2011; Goldin, McRae, Ramel, & Gross, 2008;
Quirk & Beer, 2006). This has led to proposals that the medial prefrontal cortex may serve as a site of
shared processing for self-referential and emotional information (D’Argembeau, 2013; Gutchess &
Kensinger, 2018). However, much of the research on self-relevance has been conducted in the context of
emotional content processing (Beer, 2017), such as deciding whether positive and negative personality traits
are self-descriptive (Gutchess, Kensinger, & Schacter, 2007; Kelley et al., 2002; Rogers, Kuiper, & Kirker,
1977). Some scholars have intentionally examined regions implicated in self-relevance by emotion
interactions (Moran, Macrae, Heatherton, Wyland, & Kelley, 2006)—as in the case of self-positivity bias
(Fields, Weber, Stillerman, Delaney-Busch, & Kuperberg, 2019)—but to date none have attempted to
separate the effects of these types of content on neural activity supporting information processing. More
specifically, no prior studies have examined whether the medial prefrontal cortex is not only activated for
self-referential and emotional material but also functionally connected in similar ways for processing the
two types of content. Examining functional connectivity will provide a strong test of whether self-referential
and emotional content recruit either a common processing network or a common hub (medial prefrontal
cortex) that contributes to different functional networks.

It is also relevant to examine how age may affect the overlap between self-referential and emotional
processing. Behaviorally, both older adults (defined here as individuals over the age of 60 years) and
younger adults (defined here as individuals under the age of 40 years) elaborate on self-relevant content to a
greater extent than they do non-self-relevant content (see, for a meta-analysis, Symons & Johnson, 1997),
and findings reported in recent work suggest that self-relevant content can be processed with relative
automaticity (Humphreys & Sui, 2016). This may account for other findings that both older and younger
adults tend to have better memory for information that relates to the self, compared to information that
relates to another person (Gutchess, Kensinger, Yoon, et al., 2007; Gutchess et al., 2015; Hamami, Serbun,
& Gutchess, 2011; Yin, Sui, Chiu, Chen, & Egner, 2019). Older adults also demonstrate emotion
enhancements, marked by paying increased attention to emotional compared to neutral content (Mather &
Carstensen, 2005), particularly when the content is positive (Carstensen & Mikels, 2005; Reed, Chan, &
Mikels, 2014). This positivity bias is thought to arise from older adults’ motivation to engage in positive
emotional experiences in light of a limited perceived temporal horizon (Carstensen & Mikels, 2005; Reed et
al., 2014). At the same time, most individuals demonstrate bias toward positive self-related information
(Alicke & Govorun, 2005). This can lead to self-relevance by emotion interactions, whereby younger adults
also show enhanced performance on positive (vs. neutral or negative) self-relevant information,
subsequently diminishing older age-related positivity biases in some cases (Leshikar et al., 2015; Yang,
Truong, Fuss, & Bislimovic, 2012).

Alongside cognitive enhancements for self-relevant and emotional content, the literature points to the
preservation of ventromedial prefrontal cortex (vmPFC) activation during the processing of these types of
content across the adult life span (Kensinger & Gutchess, 2015; Mather, 2016). Although older adults show
structural deterioration in prefrontal cortices (Fjell et al., 2014; Raz et al., 1997; Tisserand et al., 2002),
there may be relative functional preservation of the vmPFC that allows for self-relevant and emotional
processing enhancements as people age. Supporting this claim, older and younger adults both activate the
vmPFC similarly during judgments about the self compared to another person (Gutchess, Kensinger, &
Schacter, 2007). Gutchess and Kensinger (2018) recently proposed that an overlapping neural mechanism
in the vmPFC may support representations of self-relevant and emotional content across the adult life span.

The vmPFC is an important region to examine because of its key role in the brain’s default mode network
(DMN), which comprises functional hubs along the cortical midline, including the medial prefrontal cortex,
perigenual anterior cingulate cortex, posterior cingulate, and precuneus, along with the bilateral inferior
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parietal cortices (Buckner et al., 2009; Greicius, Krasnow, Reiss, & Menon, 2003; Gusnard et al., 2001; Qin
& Northoff, 2011; Raichle et al., 2001). Originally, the DMN was considered an explicitly task-negative
network (Fox, Snyder, Vincent, Corbetta, & Raichle, 2005), whereby the greatest network activity was
observed when people were at rest, and the network became deactivated when they focused on external
stimuli. Since its discovery, however, the DMN has been shown to overlap with networks active during goal-
oriented tasks that require the individual to create mental representations of self-relevant stimuli, as in
autobiographical memory retrieval or imagining future scenarios (Buckner & DiNicola, 2019; Qin &
Northoff, 2011; Soch et al., 2017). Whitfield-Gabrieli et al. (2011) demonstrated that both the vmPFC and
the dorsomedial prefrontal cortex are associated with self-relevant content processing, but the vmPFC alone
shows overlap with DMN activity at rest. Thus, the DMN and one of its cortical hubs, the vmPFC, are
thought to disengage when external stimuli catch the individual’s attention, and to engage during the
creation or reflection of an internal mental representation.

It is possible, therefore, that the vmPFC could be functionally connected to similar networks during the
processing of self-relevant and emotional content because of their motivational salience when creating
internal representations. Indeed, fluctuations in functional connectivity of the vmPFC with DMN regions
have been shown when individuals process emotional content in social contexts, such as facial expressions
(Göttlich, Ye, Rodriguez-Fornells, Münte, & Krämer, 2017; Satpute & Lindquist, 2019; Sreenivas, Boehm, &
Linden, 2012). Additionally, the processing of emotional stimuli is typically associated with activation of the
salience network (Luo et al., 2014; Menon & Uddin, 2010), which includes hubs in the anterior insula and
dorsal anterior cingulate that are functionally connected with the amygdala, orbitofrontal cortex, ventral
tegmental area, and thalamus (Seeley et al., 2007). This network aids transitions between the internally
oriented DMN and the externally oriented executive control network, including the dorsolateral prefrontal
cortex, dorsal anterior cingulate, and lateral parietal cortices, during cognitively demanding tasks (Goulden
et al., 2014; Menon & Uddin, 2010; Sridharan, Levitin, & Menon, 2008). In this case, processing emotional
content in social contexts may lead to increased functional connection between the vmPFC and regions
associated with salience and executive control networks.

The effects of aging on vmPFC connectivity are further complicated by the age-related deterioration of
intrinsic functional networks. Deterioration of DMN architecture occurs in older adults and is marked by
weaker within-network functional connectivity (Sala-Llonch, Bartrés-Faz, & Junqué, 2015) and stronger
between-network functional connectivity between the DMN and externally oriented networks involved in
cognitive control (Ng, Lo, Lim, Chee, & Zhou, 2016; Spreng, Sepulcre, Turner, Stevens, & Schacter, 2013).
These network changes are thought to partially explain cognitive decline as people age (Andrews-Hanna et
al., 2007; Spreng & Schacter, 2012; Spreng, Stevens, Viviano, & Schacter, 2016). Recently, however, scholars
have suggested that increases in functional connectivity between the DMN and externally oriented networks
may reflect age-related adaptive processes, whereby older adults rely on a wealth of stored semantic
information during the generation of internal mental representations (Spreng et al., 2018; Turner & Spreng,
2015). Although Spreng et al. (2018) examined age interactions in DMN coupling with externally oriented
networks during autobiographical memory retrieval, they suggested this coupling could reflect a domain-
general process. We anticipated that older adults may rely on semantic knowledge to guide goal-directed
content processing, as in the case of self-relevant or emotional content, which could be reflected in the
functional coupling of regions between these networks.

As both older and younger adults engage the vmPFC when processing self-relevant and emotional content,
we hypothesized that the vmPFC would show increased activation in these contexts compared to the
processing of non-self-relevant and neutral information. There are two competing hypotheses regarding the
functional networks that are connected to the vmPFC during the processing of self-relevant and emotional
content. First, the vmPFC may be functionally connected to overlapping networks centered around the
DMN. Second, the vmPFC may be functionally connected to distinct, nonoverlapping networks. Depending
on which of the two patterns emerges, this will provide evidence either of further convergence between self-
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relevant and emotional processing, or of a distinction between these processes, based on their associated
functional networks.

Regarding age differences in vmPFC functional connectivity during the processing of self-relevant and
emotional content, there are two more competing hypotheses. Because of the age-related cognitive benefits
of self-relevant and emotional content, it is possible that the vmPFC is functionally connected to age-
invariant networks when processing self-relevant and emotional content. Alternatively, age-related
decreases in functional connectivity within the DMN and increases in functional connectivity between the
DMN and regions associated with cognitive control networks may lead older adults to have decreased
functional connectivity between the vmPFC and DMN regions for self-relevant content, but increased
functional connectivity between the vmPFC and regions typically associated with the cognitive control
networks during the processing of social content that is emotional but non-self-relevant in nature.
Depending on which of these two patterns emerges, the results will either point to the maintenance of
networks supporting the processing of emotion and self-relevance in older adults, or identify age-related
shifts in functional networks supporting the processing of self-relevant and emotional content, respectively.

To test these hypotheses, we designed a paradigm adapted from Cunningham et al. (2011). To examine the
effects of both self-relevance and emotion in the same paradigm, we presented younger and older adults
with images of positive, negative, and neutral objects and asked them to imagine placing each object
somewhere in their home (self) or in a stranger’s home (other), depending upon a provided cue, while
undergoing functional magnetic resonance imaging (fMRI) scans.

Method
Participants

As part of a larger event-based fMRI study, we collected data from a group of people aged 18–39 years
(younger adults) and a second group aged 60–88 years (older adults). The cognitive testing process is
summarized in Daley et al. (2020). No one in the participant groups reported a history of a serious mental
illness or neurodegenerative disease.

For this study we focused on usable fMRI data obtained from a subsample of 50 younger adults (28 women,
22 men; Mage = 22.26 years, SD = 3.91; Meducation = 15.30 years, SD = 2.29) and a subsample of 43 older
adults (27 women, 16 men; Mage = 68.28 years, SD = 6.78; Meducation = 17.19 years, SD = 2.25). All
participants gave informed consent as approved by the Boston College Institutional Review Board.

Materials

The experimental stimuli comprised 420 images of objects (140 negative, 140 neutral, 140 positive) from the
Open Affective Standardized Image Set (Kurdi, Lozano, & Banaji, 2017) and image sets used in prior
laboratory research (e.g., Waring & Kensinger, 2009). Normative ratings of valence, arousal, and self-
relevance are reported in Daley et al. (2020).

Procedure

Task. Participants viewed images (84 per valence) of positive (e.g., gold coins), negative (e.g., a gas mask),
and neutral (e.g., a clothespin) objects, and imagined placing those objects in either their home or a
stranger’s home based upon the word that appeared above each image (“Self” or “Other”; n = 126 per
category; see Figure 1). Following the initial presentation of each object (1,000 ms), pictures of two houses
appeared below the object (one labeled “My house” and one labeled “Stranger’s house”), which was the
participants’ cue to make a button press to indicate in which house they imagined placing the objects (3,000
ms).
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Participants completed four full attention runs and two divided attention runs (42 objects per run), but the
fMRI analyses reported here include the results from only the full attention runs (see supplementary
materials for justification). Participants then completed a surprise recognition memory test (results
reported in Daley et al., 2020) outside the scanner.

Figure 1. Socioemotional encoding task.

fMRI analyses to define a medial prefrontal cortex region. fMRI image acquisition, preprocessing, and
visualization parameters are reported in the supplementary materials. We created a general linear model to
examine neural activity during the processing of task stimuli independent of memory performance. Each
participant’s data were subjected to a fixed-effects model that consisted of six regressors of interest broken
down by negative–self, neutral–self, positive–self, negative–other, neutral–other, and positive–other trials.
A linear drift regressor was included as a regressor of no interest. We then included the results from each
participant’s model in a group-level random effects analysis of variance (ANOVA), with emotional valence
(negative, neutral, positive) and self-relevance (self, other) as the within-subjects variables and age group
(younger adults, older adults) as the between-subjects variable.

To define a medial prefrontal cortex region that was engaged for self-relevant or emotional information, we
conducted a second-level t contrast to examine neural activity for the “all conditions except neutral–other >
neutral–other” condition. Supporting our hypothesis about age-consistent activation during the processing
of these types of information, a significant cluster appeared in the vmPFC (Montreal Neurological Institute
space peak coordinate [MNI]: -2, 46, -20; see Figure 2).
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Figure 2. Age-invariant ventromedial prefrontal cortex (vmPFC) activation during socioemotional
information processing.
A. Circled in red, a significant vmPFC (-2, 46, -20) cluster (k = 34) depicted in an activation map for
the “all conditions except for neutral–other > neutral–other” t contrast, masked with the F test (p =
.005).
B. A spherical volume of interest (6 mm) was created for each subject (yellow), centered around
the vmPFC peak coordinate, as identified by the group activation map, and was used for the
generalized psychophysiological interactions analyses.
Coordinates denote x coordinates in Montreal Neurological Institute space.

Effect of age on medial prefrontal cortex functional connectivity for self-relevant and emotional
information. To examine functional connectivity, we used the generalized psychophysiological interactions
toolbox (gPPI; McLaren, Ries, Xu, & Johnson, 2012) in SPM12 with a seed region consisting of a 6 mm
sphere around the peak voxel coordinate in the vmPFC (-2, 46, -20). The gPPI toolbox was used to model
functional connectivity between the vmPFC and the rest of the brain at the individual subject level across all
six conditions (negative–self, neutral–self, positive–self, negative–other, neutral–other, positive–other).
We then conducted a group-level random effects ANOVA of the six contrasts generated by this subject-level
analysis, with emotional valence (negative, neutral, positive) and self-relevance (self, other) as within-
subjects variables and age group (younger adults, older adults) as the between-subjects variable.

We were interested in how age was related to vmPFC functional connectivity during self-relevant
information processing, independent of emotion, so we conducted an F test for the age group × self/other
interaction (neutral content only). When significant results were revealed by each of these F tests, we
conducted post hoc t contrasts to determine the direction of the interaction. We created two conjunction
analyses using t tests from each age group, to determine whether the results from this interaction reflected
(a) subtle age group differences in functional connectivity as shown by overlap in the functional networks
recruited by the older and younger adult groups, or (b) regions with the greatest differences between the age
groups, as shown by minimal overlap in the functional networks recruited by older and younger adults for
self-relevant content. First, the “younger adult: neutral–other > neutral–self older adult: neutral–other
> neutral–self” contrast was created to determine the age overlap of regions showing greater functional
connectivity with the vmPFC for non-self-relevant content compared to self-relevant content, independent
of emotion. Next, we created the “younger adult: neutral–self > neutral–other older adult:
neutral–self > neutral–other” contrast to determine the age overlap of regions showing greater functional
connectivity with the vmPFC for self-relevant content compared to non-self-relevant content, independent
of emotion.
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We were similarly interested in functional connectivity during positive and negative information processing
independent of self-relevance; therefore, we conducted F tests for the age group × positive/neutral (other
content only) interaction and the age group × negative/neutral (other content only) interaction. Again, when
significant results were revealed we conducted post hoc t contrasts to determine the direction of the
interaction, and to determine whether the F test results reflected subtle age group differences or highlighted
the regions that show the greatest age group differences in functional connectivity with the vmPFC, we
conducted four conjunction analyses using t contrasts. First, we created the “younger adult: neutral–other
> positive–other older adult: neutral–other > positive–other ” and “younger adult: neutral–other >
negative–other older adult: neutral–other > negative–other ” contrasts to determine the age overlap of
regions showing greater functional connectivity with the vmPFC for neutral compared to positive content,
and neutral compared to negative content, independent of self-relevance. We then created the “younger
adult: positive–other > neutral–other older adult: positive–other > neutral–other ” and “younger
adult: negative–other > neutral–other older adult: negative–other > neutral–other ” contrasts to
determine the age overlap of regions showing greater functional connectivity with the vmPFC for positive
compared to neutral content, and negative compared to neutral content, independent of self-relevance.

Last, we conducted three-way F tests to determine how age was related to self-relevance × emotion
interactions (age group × self/other × positive/neutral and age group × self/other × negative/neutral).
These results are set out in the supplementary materials, Figure 1, and Table 1.

Results
Age Group Differences in Ventromedial Prefrontal Cortex–Anterior Cingulate Cortex
Functional Connectivity for Self-Relevant Content

We examined how brain regions functionally connected with the vmPFC differed by age group during the
processing of self-relevant and non-self-relevant information, independent of emotion. The F test used to
examine this relationship revealed a significant age group × self/other interaction for neutral content (see
Figure 3). The directional breakdown of this F test revealed a significant cluster in the left perigenual
anterior cingulate cortex (MNI peak coordinate: -12, 38, 12; k = 34) for the “younger adult: neutral–self >
neutral–other, older adult: neutral–other > neutral–self” t contrast (see supplementary materials for t-test
results in the opposite direction). Further interrogation of this cluster revealed that whereas the younger
adults showed positive functional connectivity between the left perigenual anterior cingulate cortex and
vmPFC for both self-relevant and non-self-relevant content, this relationship was stronger for self-relevant
content. In contrast, older adults showed positive functional connectivity between these regions for non-self-
relevant content, and negative functional connectivity for self-relevant content.
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Figure 3. Age × self-relevance interactions in ventromedial prefrontal cortex–perigenual anterior
cingulate cortex (pgACC) functional connectivity. The directional t contrast ( younger adult: self >
other, older adult: other > self) masked with the F test (p = .005) revealed that, for neutral content
only, younger adults had stronger vmPFC–perigenual anterior cingulate cortex positive functional
connectivity for self compared to other, whereas older adults had positive connectivity between
these regions for other content, and negative connectivity for self content. Coordinates reflect x
coordinates in Montreal Neurological Institute space. Error bars reflect standard error of the mean.

Age Group Differences in Ventromedial Prefrontal Cortex Functional Connectivity for
Positive Content

We examined how brain regions functionally connected with the vmPFC differed by age group during the
processing of positive and neutral content, independent of self-relevance. The F test used to examine this
relationship revealed a significant age group × positive/neutral interaction for non-self-relevant content
(see Figure 4 and Table 1). The directional t contrast of “younger adult: positive–other > neutral–other,
older adult: neutral–other > positive–other” revealed no significant clusters. However, the t contrast in the
other direction, “older adult: positive–other > neutral–other, younger adult: neutral–other >
positive–other” revealed significant clusters in the left anterior insula, right supramarginal gyrus, and right
inferior frontal gyrus. Younger adults showed positive connectivity between the vmPFC and the anterior
insula, as well as the supramarginal gyrus, for both positive and neutral content, but showed negative
functional connectivity between the vmPFC and the inferior frontal gyrus. Older adults showed positive
connectivity for positive content, but negative functional connectivity for neutral content between the
vmPFC and these regions.
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Figure 4. Age × emotion interactions in the ventromedial prefrontal cortex and externally oriented
network functional connectivity. The directional t contrast for the age × positive/neutral interaction
(older adult: positive > neutral, younger adult: neutral > negative) masked with the F test (p = .005)
revealed vmPFC functional connectivity with the following regions (other content only): anterior
insula, inferior frontal gyrus (IFG), and supramarginal gyrus (blue). Older adults showed positive
connectivity between the vmPFC and these regions when processing positive content, but negative
connectivity for neutral content. Younger adults showed equal positive connectivity for both types of
content between the vmPFC and the anterior insula, as well as the supramarginal gyrus, but
negative connectivity with the inferior frontal gyrus. The directional t contrast for the age ×
negative/neutral interaction (older adult: negative > neutral, younger adult: neutral > negative)
masked with the F test (p = .005) revealed positive vmPFC–orbitofrontal cortex connectivity (red)
for both negative and neutral content (other content only) in younger adults, but positive
connectivity for negative content and negative connectivity for neutral content in older adults.
Coordinates reflect z coordinates in Montreal Neurological Institute space. Error bars reflect
standard error of the mean. OFC = orbitofrontal cortex.
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Table 1. Regions Showing Greatest Age Differences in Ventromedial Prefrontal Cortex Functional
Connectivity When Processing Positive and Neutral Content (Other Content Only)

Note. All regions reported reflect the directional t contrast of “older adult: positive–other > neutral–other,
younger adult: neutral–other > positive–other” with a cluster threshold of k = 30 masked with the F test at p
= .005. The rows in boldface indicate regions that we further interrogated to test our hypotheses. BA =
Brodmann area, MNI = Montreal Neurological Institute coordinate, Tal = Talairach coordinate.

Age Group Differences in Ventromedial Prefrontal Cortex–Orbitofrontal Cortex Functional
Connectivity for Negative Content

We examined how brain regions functionally connected with the vmPFC differ by age group during the
processing of negative and neutral content, independent of self-relevance. The F test of this relationship
revealed a significant age group × negative/neutral interaction for non-self-relevant content (see Figure 4).
The directional t test “younger adult: negative–other > neutral–other, older adult: neutral–other >
negative–other” revealed no significant clusters. However, one cluster in the left orbitofrontal cortex (MNI
peak coordinate: -32, 44, -10; k = 31) was revealed by the “older adult: negative–other > neutral–other,
younger adult: neutral–other > negative–other” t contrast: Younger adults showed positive connectivity
between the vmPFC and this region for both negative and neutral content, whereas older adults showed
positive functional connectivity between these regions for negative content but negative functional
connectivity for neutral content.

Age Group Interactions Reflect Greatest Differences in Ventromedial Prefrontal Cortex
Functional Connectivity

We conducted six conjunction analyses to determine whether the results for the age group interactions with
self-relevant and emotional content reflect brain regions that show (a) subtle differences by age group as
demarcated by network overlap, or (b) the greatest differences between the two groups as demarcated by
minimal network overlap. Results from all six analyses revealed no age group overlap in the networks
functionally connected to the vmPFC. These results suggest the interactions reflect regions that showed the
greatest difference between the age groups in functional connectivity with the vmPFC when the participants
were processing self-relevant and emotional content.

For visualization purposes, the individual t contrasts contributing to these conjunction analyses are shown
in Figure 5 with a threshold of p < .005 and a voxel extent of k = 40. There were no significant clusters for
the t contrasts “younger adult: neutral–other > neutral–self,” “older adult: neutral–other > neutral–self,”
“older adult: neutral–other > positive–other,” or “younger adult: negative–other > neutral–other.” These
results suggest that both age groups showed negligible enhancement in functional connectivity between the
vmPFC and other brain regions when neither self-relevance nor emotion were present.
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Figure 5. Directional t contrasts for conjunction analyses.
A. Regions functionally connected to the vmPFC during the processing of self > other content
(neutral content only) are depicted for younger adults (cyan) and older adults (yellow).
B. Regions functionally connected to the vmPFC during the processing of positive > neutral content
(other content only) are depicted for younger adults (blue) and older adults (cyan). Regions
functionally connected to the vmPFC during the processing of neutral > positive content (other
content only) are depicted for younger adults (green).
C. Regions functionally connected to the vmPFC during the processing of negative > neutral
content (other content) are depicted for older adults (red). Regions functionally connected to the
vmPFC during the processing of neutral > negative content (other content only) are depicted for
younger adults (magenta) and older adults (green).
Coordinates denote z coordinates in Montreal Neurological Institute space.

Discussion
We sought to determine whether common or distinct functional networks are connected to the vmPFC
during the processing of self-relevant and emotional information, and how these networks are impacted by
advancing age. The results confirm that the vmPFC was engaged for both older and younger adults, and for
both self-relevant and emotional content (Gutchess & Kensinger, 2018; Mather, 2016). Despite this overlap,
the vmPFC appears to be functionally connected to distinct networks during the processing of self-relevant
and emotional content, and we found age group differences in these distinct networks. Given that
conjunction analyses revealed minimal network overlap between the two age groups, below we discuss the
implications for the brain regions that showed the greatest age group differences in functional connectivity
with the vmPFC during this study.

During the processing of self-relevant versus non-self-relevant content, independent of emotion, the
greatest difference between the younger and older group was in vmPFC functional connectivity with the
perigenual anterior cingulate cortex. Younger adults showed increased vmPFC–perigenual anterior
cingulate cortex functional connectivity for self-relevant content, whereas older adults showed increased
functional connectivity between these regions for non-self-relevant content. As the perigenual anterior
cingulate cortex is associated with the DMN (Qin & Northoff, 2011), our result of increased coupling with
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the vmPFC in younger adults for self-relevant content is consistent with prior work demonstrating an
overlap between the DMN and self-relevance networks active during tasks that involve the internal
representations of self-relevant content (Davey, Pujol, & Harrison, 2016; Molnar-Szakacs & Uddin, 2013;
Qin et al., 2016; Soch et al., 2017). Older age is associated with decreased functional connectivity between
DMN structures (Sala-Llonch et al., 2015), which may account for the decrease we observed among older
adults in vmPFC–perigenual anterior cingulate cortex coupling for self-relevant content. It is also possible
that creating mental representations of non-self-relevant content (i.e., imagining placing an object in a
stranger’s house) is more computationally demanding for older adults (see, e.g., Dror & Kosslyn, 1994). This
high task demand may account for the older adults’ increased vmPFC–perigenual anterior cingulate cortex
coupling during the non-self-relevant condition, as more internally focused cognitive processing may be
required than is needed in the self-relevant condition.

During the processing of emotional versus neutral content, independent of self-relevance, the greatest
differences between the two age groups in vmPFC functional connectivity were in regions associated with
the salience network. These age interactions were driven by the older adults’ positive functional connectivity
between the vmPFC and the left anterior insula, right supramarginal gyrus, and right inferior frontal gyrus
for positive content, but negative connectivity for neutral content. At the same time, younger adults showed
positive connectivity between these regions for both types of content, with the exception of the right inferior
frontal gyrus, where they showed negative connectivity. These age group differences in connectivity patterns
in the anterior insula and supramarginal gyrus also characterized the connectivity patterns for the left
orbitofrontal cortex when processing negative compared to neutral content, independent of self-relevance.
These findings converge with prior work showing that older adults prioritize processing emotional over
neutral content (Kensinger, Garoff-Eaton, & Schacter, 2007; Kensinger, Piguet, Krendl, & Corkin, 2005;
Mather & Carstensen, 2005). The anterior insula and orbitofrontal cortex are implicated in the salience
network, and the supramarginal gyrus, although not a functional hub, is sometimes identified with this
network (Sadaghiani & D’Esposito, 2015; Seeley et al., 2007). As the salience network plays a role in
transitioning between internally and externally focused attention (Goulden et al., 2014; Sridharan et al.,
2008), it is possible that increased functional connectivity between the vmPFC and these regions may reflect
beneficial integration of the DMN and the salience network. We speculate that this integration may enhance
mental representations of emotional content for older adults specifically. Findings in recent work
demonstrate that integration between the DMN and externally oriented networks reflects adaptive
processes in older adults during autobiographical memory retrieval and future planning, rather than
incipient cognitive decline (Spreng et al., 2018). Our findings extend this work by showing that increased
functional connectivity between the vmPFC and regions associated with externally oriented networks was
associated with processing non-self-relevant but socioemotional content in older adults. Younger adults, on
the other hand, may integrate these networks more generally for emotional and neutral content in social
contexts. These age group differences also reflect the idea that creating mental representations of non-self-
relevant neutral content may be more computationally demanding, subsequently requiring older (vs.
younger) adults to decouple internally and externally oriented networks to a greater extent. However, given
that older, compared to younger, adults tend to show increased coupling between DMN and cognitive
control networks (Esposito et al., 2018; Geerligs, Maurits, Renken, & Lorist, 2014; Grady, Sarraf, Saverino,
& Campbell, 2016; Spreng et al., 2016), it is possible that the presence of non-self-relevant content that is
neutral disrupts vmPFC functional connectivity with other networks. That is, neutral content may not
trigger the same salience signals for older adults as it does for younger adults. Thus, neutral content may not
be easily accessed by older adults during the creation of mental representations in social contexts.

In sum, we used a novel paradigm that differentiated between the effects of self-relevance and emotion to
provide the first evidence that the vmPFC is a common activation hub during the processing of these types
of content in older and younger adults. Despite being a common processing region, the vmPFC appears to
be functionally connected to distinct networks during the processing of self-relevant and emotional content,
and age further impacts on the makeup of these networks. The regions that showed the largest age
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differences for self-relevance were associated with the DMN, whereas those for emotion were associated
with the salience and executive control networks. Rather than age-related changes in vmPFC functional
connectivity reflecting cognitive decline, we speculate that integration between the vmPFC and regions
outside the DMN may reflect adaptive processes that assist older adults in the mental representation of
emotional content in social contexts. Limitations to our research design are covered in Daley et al. (2020).
We recommend that future researchers examine the relationship between large-scale functional networks
and the creation of mental representations of emotional content in self-relevant and non-self-relevant
contexts across the adult life span.
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