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As we age, our cognitive abilities decline
steadily, in parallel with the gradual dete-
rioration of brain anatomy and phys-
iology (Dennis & Cabeza, 2008). Yet,
there is at least one domain in which
healthy older adults can match or even
surpass younger adults: emotional well-
being. Despite mounting challenges in many
domains - including deficits in vision, audi-
tion, and memory; reduced mobility and
physical health; and the death of relatives
and friends — most healthy elderly are sur-
prisingly well adjusted at the emotional
level. Several psychological theories have
been proposed to account for this counterin-
tuitive phenomenon, and they have inspired
a substantial amount of behavioral research
(for a review, see Scheibe & Carstensen,
2010). More recently, age-related changes
in emotional processing have become the
focus of an increasing number of functional
neuroimaging studies, which have identified
substantial differences between the neural
mechanisms of how young and older indi-
viduals perceive, remember, make decisions
about, and regulate emotional materials.
The goal of this chapter is to review the main

findings of these functional neuroimaging
studies and to link them to theories regard-
ing aging effects on emotional processing.

The chapter has three main sections.
The first section summarizes evidence
for two cognitive neuroscience accounts
of preserved emotional processing in old
age: anatomical preservation and functional
compensation. The second section, which
is the core of the chapter, reviews behav-
ioral and functional neuroimaging studies
on the effects of aging in the domains of
emotional perception, emotional memory,
emotional decision making, and emotion
regulation. Despite different paradigms and
stimuli, these studies show a consistent pat-
tern whereby aging is associated with an
increase in frontal activity that is some-
times coupled with decreases in amyg-
dalar responses to negative stimuli. We call
this pattern the frontoamygdalar age-related
differences in emotion (FADE) and suggest
possible interpretations of this pattern. The
final section of the chapter considers the
links between functional neuroimaging find-
ings and psychological theories regarding
older adults’ emotional well-being.
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Two Accounts of Spared Emotional
Processing in Old Age

The fact that emotional processing is rela-
tively spared by aging is surprising,. given
evidence of substantial neural decline in
healthy aging (for a review, see Dennis
& Cabeza, 2008). One possible explana-
tion is that age-related anatomical deteriora-
tion is less pronounced in the brain regions
mediating emotional processing (anatomi-
cal preservation hypothesis). Another possi-
ble explanation is that age-related anatom-
ical and physiological decline is partly
counteracted by compensatory increases
in brain activity (functional compensation
hypothesis). Evidence for these two hypothe-
ses, which are not incompatible with each
other, is reviewed next.

Anatomical Preservation

Age-related anatomical decline is most pro-
nounced in the lateral prefrontal cortex
(PFC). The lateral PFC shows the steepest
rate of age-related atrophy (Raz et al., 2005),
and this atrophy has been linked to cogni-
tive deficits, particularly in executive func-
tions (Gunning-Dixon & Raz, 2003). Age-
related atrophy is also substantial in the
hippocampus (e.g., Raz, 2005), which also
shows age-related reductions in memory-
related brain activity (for a review, see
Dennis et al., 2008). In contrast with the
decline of regions mediating executive and
memory functions, brain regions support-
ing emotional and reward processing, such
as the amygdala, ventral striatum, and the
medial PFC (O’Dobherty, 2004; Phan, Wager,
Taylor, & Liberzon, 2002) are relatively well
preserved in healthy older adults.

AMYGDALA

The amygdala has been associated with the
automatic detection of emotions, as well as
with the generation of emotion and associ-
ated physiological responses (Phelps, 2006).
It is also assumed to mediate emotional
modulation of perception, emotion, and
decision making, an idea consistent with
dense anatomical connections between this

structure and visual cortex, the medial tem-
poral lobes, and the frontal lobes (Amaral &
Price, 1984).

The structural integrity of the amygdala
remains relatively preserved in aging (Brabec
et al., 2010; Cherubini, Peran, Caltagirone,
Sabatini, & Spalletta, 2009). Although a
few studies have reported age-related vol-
ume reductions (Mu, Xie, Wen, Weng,
& Shuyun, 1999), this effect has been
attributed to the inclusion of white mat-
ter within the amygdalar region of inter-
est (Brabec et al., 2010). In contrast with
healthy aging, substantial amygdalar atro-
phy has been found in individuals with
Alzheimer’s disease (AD) or at genetic risk
for AD (Honea, Vidoni, Harsha, & Burns,

2009).

STRIATUM

The striatum can be divided into the dor-
sal striatum, which includes the caudate
and putamen nuclei, and the ventral stria-
tum, which includes the nucleus accum-
bens. In addition to important contributions
to motor and executive functions, the stria-
tum has been associated with the processing
of reward (see Chapter 19). Unlike the amyg-
dala, striatal nuclei have been associated
with substantial atrophy in healthy aging
(Cherubini et al., 2009). Whereas the dor-
sal striatum, particularly the caudate, shows
substantial shrinkage as a function of aging
(Raz et al., 2003), there is evidence that the
ventral striatum shows very little age-related
atrophy (Cherubini et al., 2009).

Itis worth noting, however, that the stria-
tum is affected by considerable age-related
decline in dopamine function, including
reductions in dopamine receptors (e.g.,
Antonini & Leenders, 1993; Wang et al.,
1998) and dopamine transporter (e.g., van
Dyck et al., 1995). Dopamine decline plays
a major role in age-related cognitive deficits
and has been strongly linked to reductions
in episodic memory and executive function
(e.g., Erixon-Lindroth et al., 2005). Substan-
tial decline in dopamine function leads to
the prediction that striatal contributions to
reward processing are likely to be disrupted
by aging (Mohr, Li, & Heekeren, 2009), even
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if the anatomical integrity of the ventral
striatum is relatively well preserved in older
adults.

MEDIAL PREFRONTAL CORTEX
In contrast with more automatic emotional
processing in the amygdala and striatum,
the PFC is assumed to mediate emotional
control processes (Ochsner & Gross, 2005;
Chapter 16). Lateral PFC regions (Brod-
mann’s areas — BAs 44/46, 46/9), which are
strongly associated with executive functions
(Miller & Cohen, 2001), have been linked
to deliberate emotion regulation strategies,
such as reappraisal (Ochsner & Gross, 2005).
For example, ventrolateral PFC (VLPFC)
regions tend to be recruited when partici-
pants try to down—regulate emotions using
semantic elaboration strategies (Ochsner,
Bunge, Gross, & Gabrieli, 2002). In contrast,
medial PFC regions (BA 10) — which, for sim-
plicity in this chapter, we consider as com-
prising also the most anterior aspect of the
anterior cingulate cortex (ACC; BA 32, 24)
— are assumed to be involved in less deliber-
ate forms of emotional control (Ochsner &
Gross, 2007). Within the medial PFC, BA
10 has been associated with self-referential
processing (Amodio & Frith, 2006), which
refers to relating information to one’s self,
such as internal feelings and thoughts. For
example, this region shows greater activ-
ity when participants judge themselves or
close others than when they judge other
people (Krienen, Tu, & Buckner, 2010), or
when participants process event informa-
tion from the perspective of the self versus
the other (St. Jacques, Conway, Lowder, &
Cabeza, 2011). The medial PFC is part of the
default network, which is a set of regions
that tend to be deactivated during attention-
demanding tasks and have been attributed
to inward-direct attention, such as emo-
tions and memories (Andrews-Hanna, Rei-
dler, Sepulcre, Poulin, & Buckner, 2010).
Whereas lateral PFC regions shows sub-
stantial decline in older adults, some evi-
dence suggests that some medial PFC
regions are relatively well preserved in old
age (e.g., Salat, Kaye, & Janowsky, 2001).
If the relative preservation of the medial

PFC is confirmed, it would be consistent
with the evidence reviewed later that older
adults rely more on these regions than young
adults during emotional processing. At any
rate, emotional and reward processing in
older adults reflects not only the anatom-
ical and physiological integrity of various
brain regions but also older adults’ ability
to recruit these regions or to compensate for
their anatomical and physiological decline
by relying on different strategies and over-
recruiting other brain regions.

Functional Compensation

In addition to the relative preservation of
some regions such as the amygdala, ven-
tral striatum, and medial PFC, another fac-
tor explaining spared emotional processing
in healthy aging is functional compensa-
tion. Functional neuroimaging studies have
shown that, whereas some brain regions
tend to show weaker activity in older than
younger adults, other brain regions, such
as the PFC, often show increased activity
with aging (Dennis & Cabeza, 2008). Several
researchers have proposed that age-related
PFC over-recruitment could help counteract
neural decline (Cabeza et al.,, 1997; Grady
et al., 1994; Reuter-Lorenz et al., 2000).
Rather than focusing on functional com-
pensation in the emotion domain, which is
considered later in the chapter, the follow-
ing subsections focus on two forms of PFC
over-recruitment in older adults that have
been observed in many cognitive domains
and linked to functional compensation: the
posterior-anterior shift with aging (PASA)
and the hemispheric asymmetry reduction
in older adults (HAROLD). These two
domain-general patterns provide a useful
background for evaluating the possible com-
pensatory role of PFC over-recruitment in
the emotion domain (i.e., FADE).

POSTERIOR-ANTERIOR SHIFT IN AGING

The posterior-anterior shift in aging or PASA
(Davis, Dennis, Daselaar, Fleck, & Cabeza,
2008; Dennis & Cabeza, 2008) refers to age-
related decreases in occipital activity cou-
pled with an age-related increase in PFC
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activity. This pattern has been observed
in many cognitive domains, including per-
ception, attention, working memory, prob-
lem solving, and episodic memory encoding
and memory retrieval (Dennis & Cabeza,
2008). PASA was first reported by Grady
et al. (1994), who suggested that older adults
compensated for visual processing deficits
(occipital decrease) by recruiting higher
order cognitive processes (PFC increase).
Consistent with the compensation hypoth-
esis, there is evidence that the PFC increase
in older adults is positively correlated with
cognitive performance and negatively cor-
related with the occipital decrease (Davis
et al., 2008).

HEMISPHERIC ASYMMETRY REDUCTION IN
OLDER ADULTS (HAROLD)

The second brain activity pattern in older
adults found consistently across cognitive
domains is a more bilateral (less asymmet-
ric) pattern of PFC activity. This pattern,
which is known as the hemispheric asymme-
try reduction in OLDer adults (HAROLD)
has been reported in the domains of percep-
tion, attention, working memory, episodic
memory encoding and memory retrieval,
and inhibitory control (Cabeza, 2002) The
HAROLD pattern was originally described
by Cabeza et al. (1997) and was also
attributed to a compensatory mechanism.
This compensation account is consistent with
evidence that bilateral activity in older
adults is positively correlated with success-
ful cognitive performance (Reuter-Lorenz
et al., 2000) and is found in high-performing
rather than in low-performing older adults
(Cabeza, 2002). The alternative dedifferenti-
ation account is that HAROLD reflects an
age-related difficulty in engaging specialized
neural mechanisms (e.g., Logan, Sanders,
Snyder, Morris, & Buckner, 2002). In gen-
eral, the available evidence tends to be
more consistent with the compensation than
with the dedifferentiation account (Dennis
& Cabeza, 2008).

Summary of Current Accounts

In this first section, we considered evidence
for two cognitive neuroscience accounts of

spared emotional processing in old age: the
anatomical preservation hypothesis and the
functional compensation hypothesis. Both
hypotheses have some empirical support.
The anatomical preservation hypothesis is
consistent with evidence that, in contrast
with substantial atrophy in lateral PFC
regions, the structural integrity of emotional
processing regions such as the amygdala,
ventral striatum, and medial PFC is rela-
tively well maintained in older adults. The
anatomical preservation hypothesis is less
consistent with dorsal striatal atrophy and
declines in dopamine function, as well as
with the atrophy of the lateral PFC, which
plays a role in some forms of emotion regula-
tion. The functional compensation hypoth-
esis is indirectly supported by evidence that
age-related neural decline can be partly
counteracted by changes in brain activity,
such as PFC over-recruitment. Two patterns
of PFC over-recruitment — the posterior-
anterior shift with aging (PASA) and the
hemispheric asymmetry reduction in older
adults (HAROLD) - have been linked to
improved cognitive performance, opening
the possibility that PFC over-recruitment
could also explain spared emotional process-
ing in old age. More direct evidence for the
contribution of functional compensation to
improved emotional processing in aging is
provided by functional neuroimaging stud-
ies in the emotion domain, as reviewed in
the next section.

Behavioral and Functional
Neuroimaging Studies of Emotion
and Aging

The following sections review behavioral
and functional neuroimaging studies on the
effects of aging on emotional processing in
different domains, including emotional per-
ception, emotional episodic memory, emo-
tional decision making, and emotion regu-
lation. The most consistent pattern is an
increase in frontal activity that is some-
times coupled with decreases in amyg-
dalar responses to negative stimuli; that is,
the pattern we have called frontoamygdalar
age-related differences in emotion (FADE;
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St. Jacques, Bessette-Symons, & Cabeza,
2009). The nature of this pattern will
become clear when illustrated by specific
findings in the following sections. One ques-
tion to keep in mind is whether age-related
PFC increases could partly account for
spared emotional processing in older adults
(functional compensation hypothesis).

Emotional Perception: Behavior

In young adults, emotional stimuli are more
salient such that they are perceived and
attended to with greater ease and fluency
when compared to neutral stimuli (for a
review, see Kensinger, 2004, and Chapter
14). Older adults also benefit from emo-
tion during emotional perception, such that
emotional salience remains relatively sta-
ble with age (for a meta-analysis, see Mur-
phy & Isaacowitz, 2008). For example, com-
pared to young adults, older adults perform
similarly on attention (Mather & Knight,
2006; Samanez-Larkin, Robertson, Mikels,
Carstensen, & Gotlib, 2009) and percep-
tion of emotional stimuli (for a review,
see Kensinger, 2009). These results sug-
gest that the automatic processing of emo-
tion remains relatively intact with age (for
reviews, see Kensinger & Leclerc, 2009;
Mather, 2006).

Subtle age-related effects on emo-
tional perception, however, might emerge
depending on the particular quality and type
of emotional stimulus. Compared to young
adults, older adults have greater difficulty
perceiving negative stimuli, but their per-
ception of positive stimuli is less impaired.
The age-related reduction for negative stim-
uli and the increase or comparable perfor-
mance for positive stimuli are known as the
positivity effect (for a review, see Mather &
Carstensen, 2005). For example, in a recent
meta-analysis examining age-related differ-
ences in emotional perception, Ruffman,
Henry, Livingston, and Phillips (2008) found
that older adults had impaired recognition
of angry and sad faces compared to young
adults, but were less impaired during the
recognition of happy faces. These results
are similar to age-related effects observed
for other emotional stimuli such as pic-

tures. For example, older adults tend to
rate positive pictures as more positive when
compared to young adults and to standard-
ized ratings (e.g., Gruhn & Scheibe, 2008).
In sum, although emotional salience might
generally remain intact during healthy aging,
there are some age-related differences in
the perception of negative versus positive
emotions.

EMOTIONAL PERCEPTION: FUNCTIONAL
NEUROIMAGING

The majority of functional neuroimaging
studies on the effects of aging on emotional
processing have focused on perception of
emotional stimuli. One of the most con-
sistent findings from functional neuroimag-
ing studies of emotional perception is an
age-related reduction in amygdalar activa-
tion for negative stimuli (see Table 28.1). For
example, in the first fMRI study of emo-
tion and aging, lidaka et al. (2002) found
less left amygdalar activity for negative faces
in older adults when compared to young
adults, and other studies have observed simi-
lar findings for both emotional faces and pic-
tures (Fischer et al., 2005; Gunning-Dixon
et al., 2003; Leclerc & Kensinger, 2011; Tes-
sitore et al., 2005). However, in some of the
aforementioned studies (Gunning-Dixon et
al., 2003; lidaka et al., 2002; Tessitore et al.,
2005) older adults’ reported negative stim-
uli valence ratings that were less negative
than the ones given by young adults, con-
sistent with the behavioral findings show-
ing age-related reductions in the recognition
of negative faces. Thus, one potential inter-
pretation is that the age-related reduction
in amygdala activity reflects an inability of
these types of stimuli to elicit strong nega-
tive emotions in older adults, rather than a
deficit in amygdala function per se. Consis-
tent with thisidea, we and others have found
that amygdala activity can be as strong in
older as in younger adults when stimuli were
classified according to participants’ own rat-
ings (Leclerc & Kensinger, 2008; Mather et
al., 2004; Ritchey, Bessette-Symons, Hayes,
& Cabeza, 2011; St. Jacques, Dolcos, &
Cabeza, 2010; Wright, Wedig, Williams,
Rauch, & Albert, 2006) or when there
were no age-related differences in emotional
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Table 28.1: Results of Functional Neuroimaging Studies of Aging and Emotion

Contrast & PFC Striatum
Author Year Val Stimuli ~ Scanning Task Lat  Med Amygdala Dors Vent
Perception
lidaka o2 Neg  faces neg (a, s) > o
control; gender
discrimiation
Mather og4* Neg  pictures neg vs baseline; o
emotion rating
Fischer o3 Neg  faces neg(a) > neut; o
passive viewing
Tessitore o5 Neg faces neg (a, afr) > o °
control;
perceptual
matching
Williams o6* Neg  faces neg (f) > neut; o o o
passive viewing
Wright 06* Neg  faces neg (f) +novel > -
neut; passive
viewing
Wright o7* Neg  faces neg (f) + novel > -
neut; passive
viewing
St.Jacques 10 Neg pictures neg > neut; o o 3 )
emotion rating
LeClerc o8 Neg  objects  neg > pos; . .
semantic rating
lidaka o2 Pos faces pos (h) > control;
gender
discrimiation
Mather o4* Pos pictures  neg vs baseline; <
emotion rating
Williams o6* Pos faces pos (f) > neut; . o o
passive viewing
LeClerc o8 Pos objects  pos > neg; o o -
semantic rating
Gutchess o7 Pos words (pos self>pos o o
other)> (neg
self>neg other);
self/other rating
Episodic Memory
Fischer 10 Neg  faces neg (f) > neut; o o
emotion rating
St. Jacques og Neg pictures neg vs. neut; o < .
emotion rating
Murty o9 Neg pictures neg vs. neut; o
semantic rating
Murty o9 Neg pictures neg > neut; o o .
old/new
recognition
Kensinger o8 Neg objects  neg > pos & neut;

semantic rating



pos experience

e Young > older; o older > young; % young = older.

Contrast: neg: negative, pos: postive, neut: neutral; h: happy, a: angry, s: sad, d: disgust, f: fear, afr:

afraid

Brain regions: Lat: lateral; Med: medial; Amy: amygdala:

*Region-of-interest analysis.

ratings (Fischer et al., 2005). Furthermore,
we (St. Jacques et al., 2010 found that amyg-
dala activity was indeed reduced for negative
stimuli that older adults subjectively rated as
neutral. Interestingly, age-invariant activity
in the amygdala is typically observed for pos-
itive stimuli (Gutchess, Kensinger, Yoon, &
Schacter, 2007; Leclerc & Kensinger, 2011
Mather et al., 2004; although see Williams
et al., 2006) and might reflect a shift in the
preference of amygdala activation in aging
(Mather et al., 2004; also see Wright et al.,
2006). In sum, amygdalar responses to nega-
tive stimuli tend to be reduced by aging, but
this reduction may reflect a failure of the

stimuli to elicit strong negative emotions in
older adults.

In contrast with the amygdala, functional
neuroimaging studies of emotional percep-
tion have generally found an age-related
increase in PFC recruitment. This effect is
often more pronounced in the medial PFC
(see Table 28.1), but it can be also observed
in lateral PFC regions (Gunning-Dixon et
al., 2003; Gutchess, Kensinger, & Schacter,
2007; Tessitore et al., 2005). Some studies
have observed an age-related increase in the
recruitment of the medial PFC during the
perception of negative versus neutral pic-
tures (Leclerc & Kensinger, 2011; St. Jacques,
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Contrast & PFC Striatum

Author Year Val Stimuli  Scanning Task Lat  Med Amygdala  Dors Vent

Kensinger o8 Pos objects  pos > neg & neut; ) <
semantic rating

Decision Making

& Reward

Samanez-Larkin o7 Neg money anticipation: loss e °
(large, small) >
none; emotion
rating

Jacobson 10 Neg taste outcome (taste o ) .
during satiety)

Schott o7 Pos points anticipation: . o o .
reward > none

Dreher o8 Pos money outcome: gain > o . .
none

Jacobson 10 Pos taste outcome: (taste o o
during hunger)

Samanez-Larkin o7 Pos money  outcome: none > . .
loss (large, small)

Samanez-Larkin 10 Pos money outcome: gain > o
loss

Emotional

Regulation

Winecoff 10 Neg  pictures negreappraise > e
neg experience

Winecoff 10 Pos pictures  pos reappraise >
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Dolcos, & Cabeza, 2010; Williams et al.,
2006), whereas other studies have observed
that the age-related increases in medial PFC
recruitment are greater for positive versus
negative stimuli (Gutchess, Kensinger, &
Schacter, 2007; Leclerc & Kensinger, 2008,
2011; Ritchey, Bessette-Symons, Hayes, &
Cabeza, 2011; also see Leclerc & Kensinger,
2010). These apparent differences might be
due to the dissociable effects of arousal
and valence in dorsal versus ventral aspects
of the medial PFC (e.g., Dolcos, LaBar, &
Cabeza, 2004). For example, Leclerc and
Kensinger (2008) found age-invariant activ-
ity in dorsomedial regions reflecting emo-
tional arousal, whereas the age-related dif-
ferences observed in ventromedial regions
(specifically ventral ACC) reflected differ-
ences in positive versus negative valence.
Additional research is needed to tease apart
potential age-related differences in the neu-
ral correlates subserving emotional arousal
and valence.

The age-related increase in PFC activ-
ity may reflect greater recruitment of con-
trolled processes during emotional per-
ception. Evidence for this hypothesis was
recently provided by Ritchey et al. (2011).
First, they found that age-related increases
in medial PFC and ventrolateral PFC activity
depended on the engagement of controlled
processes during perception. Second, they
found that individual differences in execu-
tive function predicted the recruitment of
these PFC regions. The increased recruit-
ment of controlled processes could poten-
tially explain age-related differences in the
perception of emotional stimuli. Consistent
with this idea, we (St. Jacques et al., 2010)
found that negative to neutral shifts in older
adults’ ratings of pictures modulated the
involvement of the medial PFC and its cou-
pling with the amygdala.

In sum, consistent with FADE, emotional
perception studies of aging converge on
the observation of an age-related reduction
in amygdala activation for negative stim-
uli coupled with an increase in PFC activa-
tion for both negative and positive stimuli.
The latter effect suggests that older adults
engage more controlled processing during

the perception of emotional stimuli. The
fMRI studies reviewed here suggest that per-
ceptual differences for positive versus nega-
tive valence in aging are sometimes observed
because these tasks rely on controlled pro-
cesses associated with the PFC that are pref-
erentially engaged in older adults.

Emotional Episodic Memory: Behavior

In young adults, memory is typically better
for emotional than neutral stimuli (emotion-
ally enhanced memory, EEM; see Chapter
20). Although EEM is relatively preserved
in healthy aging there is an age-related alter-
ation in the extent of EEM, especially for
negative information (for a meta-analysis,
see Murphy & Isaacowitz, 2008). Some stud-
ies have reported that EEM in older adults
is similar for positive and negative emo-
tions (e.g., Gruhn, Smith, & Baltes, 200s;
St. Jacques & Levine, 2007), whereas, oth-
ers have reported differential effects of
valence (e.g., Mather & Carstensen, 2003).
One interpretation of the different find-
ings is that age-related effects on valence
are only evident under certain conditions.
According to Mather (2006) the positivity
effect is less likely to be generated when
there are tasks during encoding that inter-
fere with older adults’ ability to direct lim-
ited cognitive resources to emotional stim-
uli. In a series of experiments, Mather
and Knight (2005) demonstrated that older
adults engage in greater elaborative process-
ing for positive than negative stimuli, that
the positivity bias is correlated with perfor-
mance on cognitive control, and that older
adults who are distracted during the encod-
ing of emotional stimuli do not show a pref-
erence in memory for positive items. Simi-
larly, Emery and Hess (2008) manipulated
viewing instructions during encoding and
found that older adults’ emotional mem-
ory was better when stimuli were processed
in an emotionally meaningful way com-
pared to perceptual processing or to pas-
sive viewing. Taken together these results
suggest that age-related differences in mem-
ory for positive and negative stimuli are less
likely to occur when encoding places greater
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demands on cognitive resources that reduce
attention to emotionally salient aspects of
the stimuli.

Alternatively, the mixed findings regard-
ing the positivity effect in aging could be
due to differential levels of arousal elicited
across studies (cf. Gruhn et al., 2003).
Online ratings of arousal are sometimes not
acquired in studies, or they are not ana-
lyzed with respect to potential age-related
interactions with valence when obtained.
Kensinger (2008) showed that the positivity
effect is more likely for low-arousing words
compared to high-arousing stimuli. In sum,
interpretations of a positivity effect or nega-
tive reduction in episodic memory are prob-
lematic without a careful consideration of
task demands and the amount of arousal
elicited by emotional stimuli.

EMOTIONAL MEMORY: FUNCTIONAL
NEUROIMAGING

Only recently have functional neuroimaging
studies begun to explore the neural bases
of the age-related changes in EEM. Despite
differences in methodology, functional neu-
roimaging studies of memory encoding gen-
erally show increases in PFC activity and
alterations in the amygdala. For example,
we (St. Jacques, Dolcos, & Cabeza, 2009)
found that amygdala activity predicted sub-
sequent memory of negative versus neutral
pictures in both young and older adults, but
that older adults recruited additional frontal
activity to support memory formation as
visual cortex activity declined. Recently, Fis-
cher (2010) observed age-related increases
in left dorsolateral PFC (DLPFC) for sub-
sequent memory of fearful versus neutral
faces. Although both age groups recruited
bilateral amygdala during successful encod-
ing of fearful faces, young adults recruited
greater right amygdala. Similarly, Murty
et al. (2009) found age-related increases in
the recruitment of left DLPFC during the
encoding of negative versus neutral picture
blocks, but they did not observe age-related
differences in recruitment of the amygdala.
Complementing these findings, Kensinger
and Schacter (2008) observed age-invariant
recruitment of the amygdala during success-

ful memory encoding of objects, regardless
of the particular negative or positive valence,
but older adults elicited greater medial PFC
activity during the successful encoding of
positive objects.

Furthermore, we and others have obser-
ved an age-related decrease in functional
connectivity between the amygdala and the
areas that typically support memory for-
mation (i.e., the hippocampus) for negative
stimuli, but an age-related increase in func-
tional connectivity with PFC areas involved
in controlled processing (Murty et al,
2009; St. Jacques, Dolcos, & Cabeza, 2009;
although see Addis, Leclerc, Muscatell, &
Kensinger, 2010). Thus, increased frontal
recruitment could reflect compensatory
processes that support successful memory
formation. Based on age-related reductions
in EEM observed in these studies, how-
ever, this age-related frontal shift is less
effective compared to the modulation of
the hippocampus by the amygdala, which
boosts consolidation processes and is likely
to persist over time (Ritchey, Dolcos, &
Cabeza, 2008).

Addis et al. (2010) recently showed that
the pattern of connectivity during the for-
mation of positive memories also differs in
older adults. Using a structural equation
model to examine the effective connectiv-
ity in the emotional network, they found
that older adults had stronger positive con-
nections in the top-down influence of the
amygdala and ventromedial PFC on the hip-
pocampus, whereas in young adults these
same regions had a negative influence on
the hippocampus. Further, young adults had
greater positive influence of the thalamus on
the hippocampus. Addis and colleagues sug-
gested that the age-related changes in effec-
tive connectivity during successful encod-
ing of positive memories might reflect
greater self-referential processing in the
older adults, which could also explain their
increased memory for these same stimuli.

Currently, only one study has examined
age-related effects during memory retrieval.
The aforementioned study by Murty et
al. (2009) found that older adults showed
a reduction in the recruitment of the
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amygdala during memory retrieval of nega-
tive versus neutral blocks, but an age-related
increase in the right DLPFC. Further, older
adults had greater amygdalar-DLPFC cou-
pling, but less amygdalar-hippocampal cou-
pling during negative retrieval blocks, sug-
gesting a possible compensatory mechanism
to aid memory retrieval or potentially the
engagement of controlled processes that reg-
ulate emotional responses during retrieval.
In sum, the results of these initial fMRI
studies suggest that aging leads to an
increased reliance on controlled processes
in the PFC that support and maintain
enhanced memory for emotional materials.
These results are in line with the behav-
ioral studies reviewed earlier that suggest
that age-related changes in memory for emo-
tion stimuli depend on the recruitment of
controlled processes that influence emotion.
Future research will need to more closely
examine how both valence and arousal con-
tribute to potential age-related differences
in the neural mechanisms supporting suc-
cessful memory encoding and retrieval.

Affective Decision Making: Behavior

Information processing during decision
making has often been characterized as rely-
ing on two separate systems: one deliber-
ative and cognitive, and the other affec-
tive and experiential (Peters, Hess, Vistfjill,
& Auman, 2007; see Chapter 17). Changes
in both deliberative and affective aspects
of information processing in decision mak-
ing occur with age (Kennedy & Mather,
2007); however, the degree to which these
changes act in concert to produce mal-
adaptive choices may depend on a number
of contextual factors (Peters et al., 2007).
Nonetheless, age-related differences in emo-
tional processing may result in suboptimal
real-world financial behavior in older adults
(Weierich et al., 2011). Thus, characterizing
the ways in which aging affects affective pro-
cessing is critical to understanding decision
making in older adulthood.

Consistent with studies of emotion per-
ception and memory, older adults’ deci-
sions are differentially influenced by positive
versus negative information. For example,

older adults are susceptible to framing
effects when gains are emphasized but not
when losses are emphasized (Mikels & Reed,
2009), and they spend more time review-
ing positive relative to negative informa-
tion when making decisions about physi-
cians and health care plans than do young
adults (Lockenhoff & Carstensen, 2007).
These results suggest that older adults’ deci-
sions are influenced by goals to actively man-
age their emotional experiences. In line with
this idea, although young and older adults
seek similar levels of variety in choices for
current consumption, older adults’ choices
for future consumption show less variety.
By selecting options that are known to be
preferred, older adults may be attempting
to regulate their future emotional experi-
ences (Novak & Mather, 2007). Given that
emotion regulatory processes can be used to
reduce behavioral reports and physiological
metrics of loss (Sokol-Hessner et al., 2009)
and risk aversion (Heilman, Crisan, Houser,
Miclea, & Miu, 2010), the motivation to reg-
ulate emotions during decision making may
not necessarily produce poorer decision out-
comes in older adults in all contexts.
Motivational influences play a critical role
in decision making. As a result, several stud-
ies have investigated age-related differences
in decision making by examining how older
adults learn the associations between partic-
ular stimuli and rewarding or punishing out-
comes (e.g., Denburg, Recknor, Bechara, &
Tranel, 2006); however, it is not exactly clear
how aging affects information processing in
reinforcement learning. On the one hand,
older adults sometimes show preferential
learning from positive rewards. For exam-
ple, Denburg et al. (2006) found that high-
performing older adults were more likely
to generate anticipatory skin conductance
responses when selecting from advantageous
decks on the Iowa Gambling Task, whereas
low-performing older adults did not show
differential anticipatory responses between
advantageous and disadvantageous decks.
This finding suggests that older adults poten-
tially learn better from positive than nega-
tive reinforcement, perhaps representing an
age-related shift consistent with changes in
emotional focus in later life (Denburg et al.,
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2006). On the other hand, older adults may
be biased toward negative outcomes in some
contexts. Using a probabilistic learning task,
Frank and Kong (2008) assessed whether
older adults’ initial learning was guided by
approach or avoidance strategies and found
that the oldest group of participants learned
more from negative than positive outcomes.
However, this age-related increase in avoid-
ance learning does not appear to hold for
younger samples of older adults, suggesting
that the effect may not generalize to all older
adults.

In sum, like young adults, older adults’
decisions are biased by emotional infor-
mation; however, the valence and nature
of emotional information in decision mak-
ing and reward tasks may have different
impacts on behavior in later adulthood. Sim-
ilar to studies examining age-related changes
in emotional perception and memory, this
research suggests that older adults poten-
tially prefer positive information and rein-
forcers when making and processing emo-
tional decisions; however, the influence of
context and the extent to which an emo-
tional bias is present during decision making
in older adults are not yet fully elucidated.

AFFECTIVE DECISION MAKING:

FUNCTIONAL NEUROIMAGING

Consistent with age-related declines in
dopaminergic function and the volume
of the dorsal striatum, as reviewed ear-
lier, functional neuroimaging studies have
reported reduced striatal activity in older
adults during reward processing while learn-
ing associations (Mell et al., 2009) and when
anticipating rewards (Dreher et al., 2008;
Schott et al., 2007; although see Samanez-
Larkin et al., 2007). For example, Mell
et al. (2009) found differential age effects
during early versus late stages of reward
learning from feedback on a probabalistic
object reversal task. During the late phase
of learning, older adults showed reduced
activation in the striatum to rewards com-
pared to young adults. In the early learn-
ing stage, however, older adults showed
greater ventral striatal response to reward
processing. Given that behavioral perfor-
mance in older adults was worse overall,

these findings were interpreted as evidence
that older adults do not activate the stria-
tum in a systematic way to guide subse-
quent reward learning. This is consistent
with the hypothesis that, although older
adults do not show deficits in the processing
of reward outcomes, they do not effectively
integrate this information into predictions
about future rewards (Schott et al., 2007).
Similarly, increased temporal variability in
signals arising from the nucleus accumbens
in older adults predicts poorer decision per-
formance (Samanez-Larkin, Kuhnen, Yoo,
& Knutson, 2010). Thus, differences in stri-
atal functioning in older adults are consistent
with deficits in reinforcement learning pro-
cesses that rely on reward-signal processing
in the basal ganglia.

Some evidence, however, points to a
valence-specific shift in neural reward pro-
cessing in older adulthood, providing con-
sistency with findings in the domains of
perception and memory. When anticipating
monetary gains, older adults demonstrate
preserved striatal responses to gains but
diminished responses to losses (Samanez-
Larkin et al., 2007). Also, although older
adults show similar striatal responses to the
presentation of monetary outcomes when
the entire outcome period is modeled (Cox,
Aizenstein, & Fiez, 2008; Samanez-Larkin
et al.,, 2007), they show a reduced effect
of negative outcomes on striatal signaling
initially after outcomes are presented (Cox
et al, 2008). Together, these results are
suggestive of the role of altered affective
processing during decision making in later
adulthood, particularly when older adults
are considering potential economic losses.

Consistent with evidence of altered PFC
function during affective processing in later
life, older adults show changes in the
PFC during reward learning and decision
making. In one investigation, older adults
showed decreased activation of the DLPFC,
but less deactivation in the medial PFC
during the receipt of reward, compared
to younger adults (Dreher et al., 2008).
Along the same lines, older adults showed
greater activation in the DLPFC during
decision making when reward contingencies
were already well learned, which potentially
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suggests that older adults over-recruit dor-
solateral aspects of the PFC to maintain
and monitor performance even after learn-
ing has already taken place (Mell et al,,
2009). Because in vivo positron emission
tomography research has shown that the
relationship between mesolimbic and pre-
frontal dopamine systems is altered in aging,
these differences may reflect age-related
dopaminergic decline (Dreher et al., 2008),
which could account for age-related alter-
ations in the reward system as well as in
the PFC. Interestingly, one study has linked
changes in the PFC during hedonic pro-
cessing to experience of gustatory stimuli.
Regardless of the specific taste, older adults
showed greater responses not only in brain
circuitry involved in affective processing,
such as the caudate and amygdala, but also
in the anterior cingulate and medial pre-
frontal cortex (Jacobson, Green, & Murphy,
2010). These results suggest that age affects
the processing of motivational stimuli both
in limbic and prefrontal regions.

In sum, the handful of neuroimaging
studies of reward processing and decision
making in later life show that older adults
demonstrate altered patterns of reward pro-
cessing and that these patterns may result
not only from dopaminergic decline but
also from altered emotional functioning in
aging. Although studies of reward learning
and decision making in older adults have
typically interpreted findings of differential
PFC recruitment as representing cognitive
decline, these studies cannot rule out the
potential influence of altered emotional con-
trol processes acting during decision making
as a source of PFC engagement. It will be
important in future research to dissociate
the effects of declining cognitive and neural
function from changes in emotional biases
in later life because they may affect decision
making in older adults in different ways.

Emotion Regulation: Behavior

Emotion regulation is a process by which
individuals attempt to manage their emo-
tional experiences by altering which specific
emotion is experienced, when an emotion is

experienced, or how an emotion is expressed
(Gross, 1998b; Chapter 16). Aging is asso-
ciated with increased control over emo-
tional experiences in everyday life (Gross
et al, 1997). Within laboratory settings,
older adults differentially employ both rel-
atively automatic and controlled forms of
emotion regulation. First, older adults seem
to automatically engage emotional regula-
tion strategies when not instructed to do
so. For example, studies of spatial attention
have shown that, despite a preserved abil-
ity to perceive threat-related stimuli more
quickly than neutral stimuli (Mather &
Knight, 2006), older adults are less likely
to attend to faces displaying negative emo-
tion (Isaacowitz, Wadlinger, Goren, & Wil-
son, 2000; Mather & Carstensen, 2003) and
more likely to attend to faces displaying pos-
itive emotion (Isaacowitz et al., 2006), when
compared to young adults. This attention
deployment to positive versus negative stim-
uli is a type of antecedent-focused emotion
regulation strategy (Gross, 1998b), in which
older adults seem to be experts (Charles &
Carstensen, 2007).

Older adults also differ in their imple-
mentation of controlled emotion regula-
tion. However, the age-related differences
in emotion regulation under explicit instruc-
tions are not fully understood. For exam-
ple, contrary to studies in which they
deploy automatic emotion regulation, older
adults show a decreased ability to emotion-
ally detach themselves from negative stim-
uli (Shiota & Levenson, 2009; Winecoff,
LaBar, Madden, Cabeza, & Huettel, 2011).
Despite this finding, older adults also show
a preserved ability to suppress behavioral
responses to emotional stimuli (Kunzmann,
Kupperbusch, & Levenson, 2005; Shiota &
Levenson, 2009) and an enhanced ability to
regulate emotions by creating more positive
interpretations of negative stimuli compared
to younger adults (Shiota & Levenson, 2009).
Some researchers have speculated that emo-
tionally detaching from stimuli relies more
on fluid intelligence, whereas creating posi-
tive reinterpretations of stimuli relies more
on expertise, which potentially explains the
age-related variance in performance based
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on emotion regulation strategy (Shiota &
Levenson, 2009); however, this idea does
not account for the finding that older adults
are equally as effective as younger adults in
emotionally detaching themselves from pos-
itive stimuli (Winecoff et al., 2011). Thus,
the relationship between age and controlled
emotion regulation is not yet fully eluci-
dated.

The engagement of both automatic and
controlled forms of emotional regulation
may also depend on the availability of cogni-
tive resources. For example, although selec-
tive attention is not very cognitively taxing
(e.g., Allard & Isaacowitz, 2008), whether
older adults use selective attention as an
emotional regulation strategy may depend
on intact cognitive resources (Mather &
Carstensen, 2005). This poses an interest-
ing problem for the study of aging: To the
extent that emotion regulatory strategies
rely on cognitive resources, how is emo-
tional functioning maintained in later life?
Because functional neuroimaging allows for
the investigation of the underlying mecha-
nisms of emotion regulation, it provides one
promising avenue for answering this ques-
tion. In particular, functional neuroimaging
studies can help us understand how the neu-
ral mechanisms of automatic versus con-
trolled regulation differ across the lifespan.

EMOTIONAL REGULATION: FUNCTIONAL
NEUROIMAGING

Functional neuroimaging studies provide
some evidence that older adults may
automatically engage emotional regulation
strategies although not instructed to do so.
Consistent with FADE, in many studies,
the age-related increase in frontal activity
was coupled with a reduction in amyg-
dala activity during perception (Gunning-
Dixon et al., 2003; Tessitore et al., 2005; also
see Fischer et al., 2005; lidaka et al., 2002;
Samanez-Larkin et al., 2007; St. Jacques
et al., 2010; although see Williams et al.,
2006) and retrieval (Murty et al., 2009) of
negative stimuli. Thus, one possibility is that
older adults’ enhanced emotion regulation
strategies lead to the recruitment of PFC-
mediated control processes that dampen

amygdala responses for negative stimuli. For
example, we examined age-related differ-
ences in the functional connectivity with the
amygdala and found an age-related increase
in the functional connectivity between the
ventral ACC and the amygdala (St. Jacques
et al., 2010). Importantly, we found a nega-
tive correlation between these regions dur-
ing the perception of negative pictures that
older adults subjectively rated as neutral
and also a subsequent decrease in amygdala
activity, which suggests the engagement of
emotion regulation.

Implementing emotion regulation strate-
gies via increased PFC recruitment (Ochsner
& Gross, 2005) can also reduce striatal acti-
vation to anticipated gains (Delgado, Gillis,
& Phelps, 2008). A clear link between altered
striatal function and automatic forms of
emotion regulation in aging has not yet
been established. However, in one recent
investigation using emotional images, young
adults showed increased functional connec-
tivity between the medial PFC and the
striatum during the presentation of nega-
tive stimuli, whereas older adults showed
greater functional connectivity between
these regions during the presentation of pos-
itively valenced stimuli (Ritchey et al., 2011).
Though this study did not focus on reward
processing or decision making per se, it sug-
gests that a FADE-like pattern might extend
more widely to reward regions of the brain.

Functional neuroimaging studies have
also begun to investigate age-related changes
during controlled emotion regulation. One
form of emotion regulation that has been
studied extensively in young adults is reap-
praisal, whereby the emotional meaning of
a stimulus is transformed through the use
of some cognitive strategy. This antecedent-
focused emotion regulation strategy, as
does attentional deployment, operates early
in the emotion-generation period (Gross,
1998b) and is therefore more likely to reduce
emotionally evoked physiological arousal
(Gross, 1998a). Given that older adults show
declines in cognitive control but preserved
or improved emotional functioning (Mather
& Carstensen, 2005), one hypothesis might
be that older adults rely on different
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neural networks for voluntary emotion regu-
lation than younger adults; however, prelim-
inary data suggest that this is not the case. In
one study of reappraisal in an older cohort,
older adults engaged diverse aspects of the
PFC during emotion regulation, and par-
ticipants showing the greatest reappraisal-
related decreases in amygdala activation
showed increased activation in the medial
PFC relative to those who did not show
this effect (Urry et al., 2006). Similarly, in
a study directly comparing older and young
adults’ neural responses to reappraisal, few
age-related differences emerged (Winecoff
et al., 2011). In both young and older adults,
cognitive reappraisal recruited PFC regions
previously observed in emotion regulation
(Kim & Hamann, 2007; Ochsner et al,,
2002; Ochsner et al., 2004), whereas the
experience of emotion recruited the amyg-
dala. Further, across age groups, task-related
decreases in amygdala activation were func-
tionally coupled with increased activation
in the dorsolateral prefrontal cortex dur-
ing reappraisal. The only age-related differ-
ences to emerge were in the left inferior
frontal gyrus and left medial and superior
temporal sulcus, where older adults showed
reduced recruitment when actively attempt-
ing to regulate responses to negative (but not
positive) stimuli. Consistent with the sug-
gestion that cognitive control is necessary
for emotion regulation (Mather & Knight,
2005), higher performance on a battery of
cognitive tests predicted greater reappraisal-
related decreases in the amygdala even after
controlling for the effects of age (Winecoff
et al., 2011; also see Ritchey et al., 2011).
Collectively, these results suggest that
automatic engagement of emotional regula-
tion strategies may underlie some of the age-
related changes in the neural correlates sup-
porting emotional processing, whereas con-
trolled emotion regulation relies on gener-
ally similar brain systems across the lifes-
pan. Future research is needed to better
understand the boundary conditions of these
effects in order to reconcile discrepancies
in the neural mechanisms supporting age-
related changes in automatic versus con-
trolled forms of emotion regulation, as well

as potential age-invariant or age-related dif-
ferences in the emotion regulation of posi-
tive and negative valence.

Frontoamygdalar Age-Related Differences
in Emotion (FADE) Evidence from age-
related functional neuroimaging studies
across emotional perception, memory, and
emotional regulation domains generally
shows the activity pattern we called FADE;
namely, age-related increases in PFC activity
that are sometimes coupled with decreases
in amygdalar responses to negative stim-
uli. Few functional neuroimaging stud-
ies have investigated age-related changes
in decision making and reward; however,
the available evidence points to a simi-
lar age-related increase in frontal recruit-
ment and reduced function in the stria-
tum, suggesting a more general pattern of
age-related cortical increases and subcortical
decreases (Samanez-Larkin & Carstensen,
2011). Although FADE refers to func-
tional changes in brain activity, it can
also be related to structural changes in
anatomy. Thus, FADE can be linked to both
the anatomical preservation hypothesis and
the functional compensation hypothesis, as
described in the following two subsections.

FADE AND THE ANATOMICAL
PRESERVATION HYPOTHESIS
Although findings of age-related reductions
in amygdalar activity during perception (Fis-
cher et al.,, 2005; lidaka et al., 2002; Tes-
sitore et al., 2005) and memory (Fischer,
2010; Murty et al., 2009) involving nega-
tive emotions may appear as inconsistent
with evidence of little age-related atrophy in
the amygdala, the anatomical preservation
of the amygdala can explain why activity
reductions can vary as a function of stimulus
type and are less frequent for positive stim-
uli. The fact that age-related atrophy is min-
imal in the amygdala supports the idea that
age-related reductions in amygdala activity
for negative stimuli reflect a change in
emotional-processing strategies rather than
simple anatomical deterioration.

A similar argument can be made about
age-related increases in PFC activity. The
fact that these increases occur both in
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lateral PFC regions that show substantial
age-related atrophy and in medial PFC
regions that show relatively less atrophy sug-
gests that these increases reflect a change
in the way older adults process emotions,
rather than a simple reflection of anatomi-
cal preservation vs. decline.

Finally, the anatomical preservation
hypothesis cannot easily account for age
effects on striatal activity, which often
shows reductions in both dorsal and ven-
tral regions, despite anatomical evidence
that age-related atrophy is minimal in ven-
tral regions. Although global striatal reduc-
tions could be attributed to age-related
dopamine deficits, the latter cannot explain
why some studies (e.g., Jacobson et al.,
2010; Samanez-Larkin et al., 2007) found age-
related increases in striatal activity in some
conditions.

In sum, age-related changes in neural
activity during emotional processing cannot
be simply attributed to anatomical preser-
vation or decline. To better link changes in
anatomy to the functional changes described
by FADE, future studies could investi-
gate the relationship between volumetric
changes in regions of interest with changes
in the activity of these regions.

FADE AND THE FUNCTIONAL

COMPENSATION HYPOTHESIS

The PFC component of FADE is clearly
consistent with evidence of age-related PFC
increases in various cognitive domains, as
summarized by the posterior-anterior shift
in aging (PASA) and hemispheric asymme-
try reduction in older adults (HAROLD)
patterns (Dennis & Cabeza, 2008). FADE
fits particularly well with the PASA pat-
tern, which comprises not only age-related
increases in anterior brain regions but also
age-related decreases in posterior brain
regions. Although it is tempting to see the
age-related amygdalar reductions in FADE
as an example of the posterior reductions
in PASA, there is an important difference
in how these reductions are conceptual-
ized. In PASA, PFC increases are interpreted
as compensating for the posterior reduc-
tions, whereas FADE does not assume that

PFC increases compensate for the amygdalar
decreases. In fact, if one interprets FADE
in terms of emotion regulation, the effect
would be in the opposite direction, with
PFC-mediated control processes dampening
amygdala-mediated processing of negative
emotions. At any rate, further research is
required to determine if the FADE pattern
within the emotion domain fits with global
age-related activation patterns observed in
other cognitive domains, such as PASA.

As noted earlier, the fact that age-related
PFC increases during emotional process-
ing occur both in regions showing substan-
tial age-related atrophy, such as the lateral
PFC, and in regions showing relatively less
anatomical decline, such as the medial PFC,
suggests that these increases reflect changes
in processing strategies rather than anatom-
ical changes. What is unclear is what these
processing strategy changes are.

One possibility is that age-related PFC
increases could reflect emotion regulation.
Emotional well-being in aging has been asso-
ciated with a shift from automatic process-
ing to more controlled processing of emo-
tions via the recruitment of the medial PFC
(Williams et al., 2006). As reviewed earlier,
the pattern of activation across a number
of studies suggests that older adults poten-
tially engage automatic emotion regulation
strategies when processing emotional stim-
uli by recruiting frontal control regions that
may dampen emotional responses mediated
by the amygdala. Interestingly, when the
differential engagement of these strategies
is equated across age groups via explicit
instructions, few age-related differences are
observed (Winecoff et al., 2011).

Second, the frontal increase could be
an instance of PASA, which is frequently
observed in nonemotional domains (Den-
nis & Cabeza, 2008) and thus could reflect a
compensatory strategy. Consistent with this
idea, we and others have found that the
increase in PFC activity during emotional
processing was coupled with a decrease in
the recruitment of posterior regions (St.
Jacques, Dolcos, et al. 2009; St. Jacques
et al., 2010; Tessitore et al., 2005; also see
Gunning-Dixon et al., 2003; lidaka et al.,
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2002). Further, in keeping with the compen-
satory account of PASA, we also found a sig-
nificant correlation between the age-related
increase in frontal activity and the reduction
in visual cortex activity during emotional
perception (St. Jacques et al., 2010) and
that the age-related frontal increase was pre-
dictive of subsequent memory for negative
stimuli (St. Jacques, Dolcos, et al., 2009).

Another possibility is that age-related
increases in the medial PFC could reflect
an augmentation of self-referential processes
(Kensinger & Leclerc, 2009). One line of
evidence supporting this interpretation is
that medial PFC recruitment in older adults
has been shown to vary as a function of
valence (Kensinger & Schacter, 2008; Leclerc
& Kensinger, 2008). For example, Leclerc
and Kensinger (2008) found an age-related
reversal in the medial PFC, such that older
adults recruited this region more for pos-
itive stimuli and less for negative stim-
uli (although see Williams et al., 2006).
They suggested that older adults might
interpret positive stimuli in a more self-
relevant way. In keeping with this interpre-
tation, a study directly interrogating age-
related differences in self-referential pro-
cessing for emotional stimuli found that
older adults recruited medial PFC regions
to a greater extent for self-related positive
words (Gutchess, Kensinger, & Schacter,
2007). Given that older adults tend to engage
the default network more during cogni-
tive tasks (Grady, Springer, Hongwanishkul,
Mclntosh, & Winocur, 2006), one possibility
is that the positivity shift observed in per-
ception and memory studies might result
from an age-related increase in the tendency
to interpret information in a self-relevant
manner (cf. Kensinger & Leclerc, 2009).

It is worth noting that emotion regula-
tion, compensation, and self-referential pro-
cessing accounts are not incompatible with
each other. In fact, emotional regulation
could be seen as a form of compensation
(St. Jacques et al., 2010), and self-referential
processing could be seen as an emotion reg-
ulation strategy (Kensinger & Leclerc, 2009).
Yet, not all forms of emotion regulation
are beneficial for performance (i.e., compen-
satory), and self-referential processing is not

necessarily an effective regulation strategy.
Thus, understanding the specific contribu-
tions of each of these processes and their
interactions is a major challenge for future
research.

Linking Brain Data to Theories
of Emotional Aging

The number of functional neuroimaging
studies of emotion and aging is growing
rapidly; however, many of the aforemen-
tioned studies do not directly link age-
related changes in neural activation to cog-
nitive and social theories of emotional aging.
There are at least four different theories of
emotional changes in aging: the socioemo-
tional selectivity theory (Carstensen, Mikels,
& Mather, 2006), dynamic integration theory
(Labouvie-Vief, 2003, 2009), learning and
practice theory (Blanchard-Fields, 2007),
and the byproduct of biological decline the-
ory (Cacioppo, Berntson, Bechara, Tranel,
& Hawkley, 2011). Several of these theo-
ries were originally proposed to account
for behavioral data, and hence, they do
not include assumptions about brain mecha-
nisms and cannot make predictions for func-
tional neuroimaging. However, using cur-
rent knowledge regarding the neural bases
of various cognitive and emotional pro-
cesses, one may expand these theories with
assumptions about neural mechanisms and
derive predictions for functional neuroimag-
ing. We next describe each of these theories,
how they could be expanded to incorporate
hypotheses regarding brain function, and
whether the derived predictions fit available
functional neuroimaging evidence.

Socioemotional Selectivity Theory

BASIC THEORY AND EXPANDED THEORY
WITH NEURAL ASSUMPTIONS AND
PREDICTIONS

Socioemotional selectivity theory (SST)
postulates that aging is associated with a
limited perspective on time, which leads
to motivational differences in allocating
attention to information (Carstensen, Fung,
& Charles, 2003; Mather & Carstensen,
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2005). Specifically, the theory has two
predictions: (1) Aging involves the greater
allocation of cognitive resources to emo-
tional stimuli, and (2) older adults are more
likely to allocate these limited resources to
information that enhances their mood and
well-being. Because of this mood-enhancing
goal, older adults are expected to be more
sensitive to positive information and less
sensitive to or avoidant of negative informa-
tion, a phenomenon known as the positivity
effect (Carstensen & Mikels, 2005; Carstensen
et al., 2006). In the context of studies com-
paring attention, memory, or decisions
involving positive versus negative stim-
uli, the positivity effect is defined as an
age-related shift in the overall ratio of
positive-to-negative  material  attended
to, remembered, or selected (Scheibe &
Carstensen, 2010). Further, SST proposes
that the positivity effect is more likely to
occur on tasks that require greater con-
trolled emotional processing and less so on
more automatic emotional tasks (Mather,
2006). In sum, SST suggests that older
adults are more likely to allocate cognitive
resources to regulate their emotions.

The fact that functional neuroimaging
studies of emotional aging frequently discuss
the popular SST suggests that this theory
is amenable to brain-based interpretations
(for related reviews, see Knight & Mather,
2006; Mather, 2006; Samanez-Larkin &
Carstensen, 2011; Scheibe & Carstensen,
2010). Given that SST assumes that older
adults use controlled processes to up-
regulate responses to positive stimuli and/or
down-regulate responses to negative stim-
uli, this theory predicts that during emo-
tional processing older adults should show
(1) increased control-related PFC activity
and (2) the effects of this control in the form
of shifts in amygdalar responses to positive
vs. negative stimuli or in striatal responses
to gains vs. losses.

FUNCTIONAL NEUROIMAGING EVIDENCE

Consistent with the expanded SST, sev-
eral functional neuroimaging studies of emo-
tional aging have found the FADE pattern:
an age-related increase in frontal recruit-
ment and altered amygdala recruitment

(also see Samanez-Larkin & Carstensen,
2011; St. Jacques, Bessette-Symons, et al.,
2009). Emerging findings from the domain
of decision making suggest that a more gen-
eral pattern of age-related reduction in sub-
cortical activation and increase in cortical
activation could explain both the amyg-
dalar and striatal findings (Samanez-Larkin
& Carstensen, 2011). These studies are in line
with the expanded SST, which suggests that
older adults’ enhanced emotion regulation
strategies lead to the recruitment of PFC-
mediated control processes that dampen
amygdala or striatal responses for negative
stimuli and losses. Further supporting this
idea are studies that have examined cou-
pling between frontal and amgydalar regions
(Murty et al., 2009; St. Jacques et al., 2010;
St. Jacques, Dolcos, et al., 2009). Some of
the studies that have explicitly queried emo-
tion regulation are also consistent with the
expanded SST. For example, Urry et al.
(2006) directly asked older adults to regu-
late emotions while viewing negative pic-
tures and found that, compared to pas-
sive viewing, when older adults were asked
to decrease their emotional responses they
recruited greater vmPFC activity coupled
with a reduction in the recruitment of the
amygdala. In fact, emotional well-being in
aging has been associated with a shift from
automatic processing to more controlled
processing of emotions via the recruit-
ment of the medial PFC (Williams et al.,
2006). Moreover, consistent with predictions
from SST, the frontal over-recruitment may
occur only on controlled emotional tasks
but not on automatic ones (Ritchey et al.,
2011).

Dynamic Integration Theory

BASIC THEORY AND EXPANDED THEORY
WITH NEURAL ASSUMPTIONS AND
PREDICTIONS

According to dynamic integration the-
ory (DIT; Labouvie-Vief, 2009) age-related
changes in emotional processing depend on
the interaction between situational circum-
stances and individual differences, which
determines the effectiveness of emotion
regulation. DIT suggests that the level of
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emotional activation, emotional complex-
ity, and individual differences in cognitive
functioning are important factors contribut-
ing to emotional changes in aging. At low
levels of activation, aging involves differen-
tiation and complexity in emotional expe-
rience; for example, blending positive and
negative elements of emotions, as in bit-
tersweet. Because differentiation and com-
plexity involve elaborative processes, higher
levels of activation yield greater difficulties
with aging, especially in the face of increas-
ing cognitive demands and/or reduced cog-
nitive functioning. Thus, at high levels
of activation older adults will compensate
by relying on less effortful optimization
strategies that involve minimizing negative
affect and increasing positive affect (i.e.,
the positivity effect). In contrast with SST,
DIT contends that the age-related positivity
effect does not reflect increased emotional
resiliency, but is in fact due to a decline
in emotional complexity involving reduced
integration and tolerance of negative emo-
tions (Labouvie-Vief, 2003).

DIT emphasizes that prefrontal-
amygdalar function is critical for imple-
menting emotion regulation in aging
(Labouvie-Vief, 2009), but does not explic-
itly provide hypotheses regarding the
pattern of age-related changes in func-
tional activations. The expanded DIT
incorporating brain mechanisms predicts
differential age effects at low vs. high
demanding emotional tasks. At low levels,
DIT predicts an age-related increase in
controlled prefrontal recruitment and a
subsequent decrease in emotional responses
in the amygdala; at high levels DIT predicts
dysfunctional frontoamygdalar function
involving a heightened amygdalar response
coupled with reduced or ineffective
control-related frontal activation. Further,
the expanded DIT predicts that individual
differences in cognitive function mediate
this frontal-amgydalar pattern.

FUNCTIONAL NEUROIMAGING EVIDENCE

Many of the studies reviewed here have
noted a FADE pattern, observing an age-
related increase in frontal recruitment and

age-related reductions in the amgydala,
which would seem to fit the predictions of
the expanded DIT for less demanding emo-
tional tasks. However, it is important to
point out that the majority of these stud-
ies do not incorporate varying levels of emo-
tional activation or complexity, which are
necessary to determine the validity of the
expanded DIT. For example, it is possible
that older adults relied on well-developed
emotion regulation strategies or that these
tasks did not involve high levels of complex-
ity (cf. Labouvie-Vief, 2009). There is some
initial evidence to support the expanded
DIT with respect to emotional activation
and cognitive demand. For example, we (St.
Jacques et al., 2010) found an age-related
positive coupling between the medial PFC
and the amygdala for the most negatively
valenced pictures in our sample based on
the standardized International Affective Pic-
ture System (IAPS) ratings, which presum-
ably engaged greater emotional activation.
The medial PFC-amygdalar coupling shifted
to negative for the less negatively valenced
pictures, which were also rated in the neu-
tral direction by older adults. We inter-
preted these findings in terms of the suc-
cess of emotion regulation, which tended
to be greater at low levels of emotional
activation. Thus, these results are consis-
tent with the expanded DIT, which suggests
that prefrontal-amygdalar regulatory func-
tion is preserved at lower levels of emo-
tional activation but not at higher levels. An
additional study provides partial evidence
for the expanded DIT predictions concern-
ing cognitive demands and individual dif-
ferences. Ritchey et al. (201) found that
individual differences in executive func-
tion were positively related to the recruit-
ment of medial PFC when emotional pic-
ture processing required greater elaboration.
Thus, consistent with the expanded DIT,
the recruitment of frontal regions for cog-
nitively demanding tasks was only evident
in older adults with high levels of cognitive
resources.

None of the previous studies reviewed
here can directly test the complete predic-
tions of the expanded DIT. However, fully
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considering the link between brain mecha-
nisms and DIT leads to some novel questions
for future research. In particular, a greater
number of studies are needed to examine the
influence of emotional activation, emotional
complexity, cognitive demands, and individ-
ual differences in performance, which are
critical for understanding age-related differ-
ences in the neural correlates of emotion.

Learning and Practice Theory

BASIC THEORY AND EXPANDED THEORY
WITH NEURAL ASSUMPTIONS AND
PREDICTIONS

According to the theory of learning and
practice, older adults have developed exper-
tise in emotion regulation through sub-
stantial experience across the lifespan
(Blanchard-Fields, 2007; Hess, 2005). Older
adults’ expertise in dealing with socioe-
motional situations results in more com-
plex, flexible, and mature emotion regula-
tion strategies compared to young adults.
The increasing ease with which older adults
apply emotion regulation strategies in their
daily lives potentially underlies age-related
reductions in the perceptions of stress due to
health problems, bereavement, and environ-
mental catastrophes (for reviews see Charles
& Carstensen, 2007, 2010).

Given the emphasis on experience, the
learning and practice theory suggests that
older adults will be most effective in apply-
ing emotion regulation strategies to familiar
situations. Thus, the expanded learning and
practice theory predicts that older adults
should show (1) increased control-related
PFC activity and (2) the effects of this con-
trol in the form of up- or down-regulation
of amygdala or striatal activity to a greater
extent in familiar versus unfamiliar situa-
tions.

FUNCTIONAL NEUROIMAGING EVIDENCE

To date there is little functional neuroimag-
ing evidence supporting the expanded the-
ory of learning and practice because very few
studies have examined age-related differ-
ences during emotional processing for famil-
iar versus novel situations. In one potentially

relevant fMRI study, Gutchess, Kensinger,
and Schacter (2007) asked young and older
adults to judge whether positive and neg-
ative adjectives described themselves or
Albert Einstein. Both the self and other
conditions are relatively familiar situations;
however, presumably referencing the self
is more familiar than referencing Einstein.
The fMRI results revealed that, compared to
young adults, older adults engaged a region
in the dorsal medial PFC to a greater extent
for positive versus negative self-referencing,
but there was no interaction with valence
when making a judgment about another
person. The Gutchess et al. (2007) findings
provide preliminary partial support for the
expanded learning and practice theory, in
that they suggest that older adults poten-
tially engage increased controlled process-
ing for more familiar positive versus neg-
ative stimuli. However, this same contrast
revealed no activation in subcortical regions;
thus, it is not clear whether the recruitment
of controlled processes was in the service
of emotion regulation. Further research is
needed to directly test age-related differ-
ences in emotional processes of familiar ver-
sus unfamiliar situations.

Byproduct of Biological Decline
Theory

BASIC THEORY AND EXPANDED THEORY
WITH NEURAL ASSUMPTIONS AND
PREDICTIONS

Unlike the previous cognitive and social the-
ories of emotional aging, biological decline
theories directly link age-related differences
to brain function. According to one such
theory, the aging-brain model (Cacioppo
et al., 2011), age-related changes in emotion
are the byproduct of biological decline. The
aging-brain model postulates that there is
a valence shift in the response of amygdala
activation due to age-related attenuations in
arousal for negative stimuli. The age-related
reduction in arousal response to negative
stimuli reduces the emotional enhancement
of memory (EEM) for negative stimuli, but
increases subjective well-being. Further, the
aging-brain model suggests that attenua-
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tion in arousal responses to negative stimuli
potentially impairs decision-making pro-
cesses that rely on negative feedback. Propo-
nents of the aging-brain model suggest that
the pattern of age-related changes in emo-
tion is similar to that in patients with selec-
tive amygdala lesions, implying that amyg-
dala dysfunction is the basis of emotional
changes in aging.

Taking directly from the aging-brain
model hypothesis, there will be age-related
reductions in amygdala activation for neg-
ative stimuli, but not for positive stimuli.
Unlike the previous theories, the aging-brain
model is agnostic with respect to age-related
changes in the PFC because it posits that the
attenuation of arousal responses to negative
stimuli are due to dysfunction of the amyg-
dala. The aging-brain model relies on the
assumption that arousal drives age-related
changes; thus, one additional hypothesis is
that age-related differences in the amygdalar
responses for low-arousing emotional stim-
uli will be minimal.

FUNCTIONAL NEUROIMAGING EVIDENCE

Several functional neuroimaging studies
have observed age-related reductions in the
recruitment of the amygdala for negative
stimuli. Although very few studies have
examined age-related changes for positively
valenced stimuli, the handful of studies to
date generally show age-invariant recruit-
ment for positive stimuli (e.g., Leclerc &
Kensinger, 2008; Mather et al., 2004). Con-
trary to the aging-brain model, however,
several studies have also observed age-
invariant activation in the amygdala for
negative stimuli (e.g., Ritchey et al., 201;
St. Jacques et al., 2010). Based on the aging-
brain model one explanation of these dis-
crepant findings is that the level of arousal
differed in studies that failed to find an age-
related difference in amygdala response for
negative stimuli. According to the aging-
brain model, age-related differences in the
recruitment of the amygdala should be min-
imal when emotional stimuli are low arous-
ing. Thus, studies that did not find age-
related differences in amygdalar responses
for negative stimuli may have included

lower arousing emotional stimuli. However,
we (St. Jacques et al., 2010) showed that
amygdala activation was reduced in older
adults for the subset of less arousing negative
stimuli, but not for more arousing negative
stimuli, which is the exact opposite of the
aging-brain model hypothesis. Further, as
suggested earlier, age-related differences in
the amygdalar response to negative stimuli
tended to occur when there were also age-
related differences in behavioral ratings for
negative stimuli, suggesting that these stim-
uli were ineffective in engendering a strong
emotional response in older adults (although
see Ritchey et al., 2011). It will be important
for future research to test the brain hypothe-
ses of the aging-brain model using a range of
arousing stimuli.

The current research does not appear
to provide much support for the hypoth-
esis that age-related changes in the neural
mechanisms of emotional aging are merely
a byproduct of biological decline (Scheibe
& Carstensen, 2010). Cacioppo et al. (2011)
argue that patients with amygdalar lesions
seem to show similar findings to those
of older adults, suggesting a possible link
between amygdalar damage and age-related
changes in emotional processing. However,
the studies reviewed here generally suggest
that the structure and function of the amyg-
dala remain relatively intact across the lifes-
pan, although there is some debate regarding
the preference of this region for positive ver-
sus negative stimuli. Further, let us consider
the findings from patients with Alzheimer’s
disease, a neurodegenerative disease that
affects the structure and function of the
amygdala (for a review, see Chow &
Cummings, 2000). In contrast with healthy
older adults, patients with Alzheimer’s dis-
ease show a disruption of emotional pro-
cesses (for a review, see Kensinger, 2009).
In sum, these findings bring into question
whether emotional changes in healthy aging
are due to biological decline in emotional
regions such as the amygdala. It is possible
that future research will reveal subtle differ-
ences in age-related biological decline that
could account for the findings in emotional
processes.
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Summary of the Theoretical Models
and Brain Substrates

Expanding cognitive and social theories of
emotional aging to incorporate brain mech-
anisms yields specific predictions regarding
functional neuroimaging that are generally
supported by the available evidence. Inter-
estingly, a recent theory of emotional well-
being in aging, the strength and vulnerability
theory (Charles, 2010), incorporates aspects
of each of the aforementioned theories by
positing when and why emotional regula-
tion will be successful in older adults. Con-
sequently, the expanded theories should not
be viewed as opposing but as complemen-
tary components that determine the ease
and frequency of emotion regulation strat-
egy engagement in aging and related changes
in functional activations. In sum, consider-
ing the expanded versions of these psycho-
logical theories leads to novel predictions
that will be fruitful for future functional
neuroimaging investigations.

Conclusions

We started this chapter by noting that, un-
like executive and memory functions, emo-
tional processing is well preserved in healthy
aging. The preservation of emotional pro-
cessing in older adults is remarkable given
that healthy aging is associated with sub-
stantial anatomical decline in several brain
regions. We considered two possible expla-
nations: Emotional processing regions are
relatively resistant to anatomical decline,
and anatomical decline is counteracted by
increased PFC activity. A brief review of
age-related changes in brain anatomy and
brain activity provided support for both
hypotheses. Consistent with the anatomical
preservation hypothesis, age-related atrophy
is relatively modest in three regions impor-
tant for emotional processing: the amygdala,
medial PFC, and the ventral striatum; con-
sistent with the functional compensation
hypothesis, there is evidence that PFC
over-recruitment in age-related activated
patterns like PASA and HAROLD is asso-

ciated with enhanced performance in older
adults.

More direct evidence for the functional
compensation hypothesis was provided by
our review of functional neuroimaging
studies of emotional processing. In the
domains of perception, episodic memory,
decision making, and emotion regulation,
older adults often showed increased PFC
responses to emotional stimuli, which were
sometimes coupled with reduced amyg-
dala responses, particularly to negative stim-
uli. We called this pattern frontoamyg-
dalar age-related differences in emotion
or FADE. The PFC component of FADE
may reflect functional compensation, simi-
lar to PFC over-recruitment in the domain-
independent age-related activations patterns
known as PASA and HAROLD. In the
case of emotion studies, age-related PFC
increases could reflect greater reliance on
emotion regulation or self-referential pro-
cessing. These accounts are not incompat-
ible and could be integrated.

Finally, we considered how functional
neuroimaging findings fit with psychological
theories of age-related emotional changes:
the socioemotional selectivity theory (SST),
dynamic integration theory (DIT), learn-
ing and practice theory, and the byprod-
uct of biological decline theory. Given that
most of these theories do not include spe-
cific assumptions about brain mechanisms,
we expanded them with additional neural
assumptions. SST fits generally well with the
FADE pattern if one interprets age-related
PFC increases and amygdalar decreases for
negative stimuli as reflecting emotion regu-
lation. DIT is difficult to assess because few
studies have manipulated emotional com-
plexity, but there is evidence that PFC-
amygdalar coupling in older adults varies
with the level of emotional activation (St.
Jacques et al., 2010), which is a finding con-
sistent with DIT. Learning and practice the-
ory is consistent with evidence that medial
PFC recruitment in older adults varies with
whether they are judging themselves vs.
less familiar others (Gutchess, Kensinger,
& Schacter, 2007). Finally the byproduct
of biological decline theory cannot easily
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account for the fact that activation findings
do not fit well with patterns of anatom-
ical decline in healthy aging. In general,
these various theories have complemen-
tary strengths and weaknesses and could in
principle be integrated to achieve a more
complete account of age-related changes
in emotional processing. The challenge for
future research will be to incorporate psy-
chological theories into cognitive neuro-
science accounts of emotional processing in
old age.

Outstanding Questions and Future
Directions

* How do valence and arousal interact
and influence age-related differences in
the neural correlates supporting emo-
tional perception, emotional memory,
emotional decision making, and emotion
regulation?

* What is the relationship between ana-
tomy and functional changes described
by the frontoamygdalar age-related dif-
ferences in emotion (FADE) pattern?

* Are age-related increases in prefrontal
cortex recruitment during emotional
processing related to different process-
ing strategies? Do age-related increases
in the prefrontal cortex account for
spared emotional processing in older
adults (functional compensation hypo-
thesis)?

e What are the neural mechanisms sup-
porting automatic versus controlled
deployment of emotion regulation in
aging? How can we reconcile discrepan-
cies in the age-related differences sup-
porting these different emotion regula-
tion strategies?

e Linking age-related changes in neural
activation to cognitive and social theo-
ries of emotional aging generates several
topics for future research on the neural
basis of emotion and aging, including the
influence of emotional activation, emo-
tional complexity, familiarity, cognitive
demands, and individual differences in
cognitive performance.
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