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Differential Hemodynamic Response in Affective
Circuitry with Aging: An fMRI Study of Novelty,
Valence, and Arousal

Yoshiya Moriguchi®, Alyson Negreira', Mariann Weierich’,
Rebecca Dautoff’, Bradford C. Dickerson?,
Christopher I. Wright', and Lisa Feldman Barrett'"?

Abstract

B Emerging evidence indicates that stimulus novelty is affectively
potent and reliably engages the amygdala and other portions of
the affective workspace in the brain. Using fMRI, we examined
whether novel stimuli remain affectively salient across the lifespan,
and therefore, whether novelty processing—a potentially survival-
relevant function—is preserved with aging. Nineteen young and
22 older healthy adults were scanned during observing novel and
familiar affective pictures while estimating their own subjectively
experienced aroused levels. We investigated age-related difference

INTRODUCTION

Humans are curious and novelty-seeking creatures. We are
wired to prioritize novelty (cf. Mesulam, 2000), and with
good reason. Evaluating whether or not a stimulus is novel
is one appraisal of an object’s meaning at a particular point
in time (Scherer, Schorr, & Johnstone, 2001). Novelty-
seeking must have had adaptive advantages because early
humans are the only group of hominids to explore the en-
tire world, despite the risk from unknown predators and
other enemies (Zuckerman, 2007). The ability to process
and respond to novelty translated into an increased
change of survival. As humans age, orienting to novel as-
pects of the outer stimulating environment is thought to
prevent mental decline and to sustain cognitive functioning
(Scarmeas et al., 2003; Wilson et al., 2002), and to improve
mortality across the lifespan (Swan & Carmelli, 1996). Even
rats more engaged by novel gustatory/olfactory stimuli tend
to exhibit better cognitive functioning (spatial memory
measured by water navigation task) (Rowe, Spreekmeester,
Meaney, Quirion, & Rochford, 1998). In the article, we ex-
amine age-related changes in novelty processing, with an
emphasis on the amygdala.

Prior research has shown that novelty is inherently affec-
tive. Novelty and uncertainty produce the same cardiovas-
cular responses associated with valence and arousal
(Mendes, Blascovich, Hunter, Lickel, & Jost, 2007). Novel

'Massachusetts General Hospital and Harvard Medical School,
*Boston College

© 2011 Massachusetts Institute of Technology

of magnitude of activation, hemodynamic time course, and func-
tional connectivity of BOLD responses in the amygdala. Although
there were no age-related differences in the peak response of
the amygdala to novelty, older individuals showed a narrower,
sharper (i.e., “peakier”) hemodynamic time course in response to
novel stimuli, as well as decreased connectivity between the left
amygdala and the affective areas including orbito-frontal regions.
These findings have relevance for understanding age-related dif-
ferences in memory and affect regulation. g

faces and pictures engage the same neural workspace as
explicitly pleasant, unpleasant, or highly arousing objects,
with a most notably enhanced amygdala response (Wright
et al., 2003, 2008; Wright, Wedig, Williams, Rauch, &
Albert, 2006; Schwartz, Wright, Shin, Kagan, & Rauch,
2003; Breiter et al., 1996; for a review, see Strange & Dolan,
2006). Further, novelty enhances amygdala response to va-
lenced and arousing stimuli in an independent and inter-
active manner, such that greater amygdala activation has
been observed to novel negative versus novel positive
pictures, but not for familiar pictures (Weierich, Wright,
Negreira, Dickerson, & Barrett, 2010). Stimulus novelty
also enhances ERPs to affectively hedonic pictures (Yuan,
Yang, Meng, Yu, & Li, 2008) as well as skin conductance
responses to affectively arousing pictures (Glascher &
Adolphs, 2003). Although novelty is affectively potent
and interacts with other affective properties, it is dissoci-
able from valence and arousal, in both its peak magnitude
and duration of activation in the amygdala, and in its en-
gagement of other parts of the affective workspace, includ-
ing orbito-frontal cortex (OFC), ventral anterior cingulate,
and dorsal anterior cingulate (Weierich et al., 2010).

Our primary question in the current article was whether
novelty responses in the brain change across lifespan. If the
brain responds similarly to novelty in both young and elderly
adults, then it would indicate that novelty processing—a
potentially survival-relevant function—is preserved with
aging. At present, there are conflicting findings on the issue
of age-related changes in novelty processing. ERP studies

Journal of Cognitive Neuroscience 23:5, pp. 1027-1041



have failed to find age-related changes to novelty (Polich,
2007; Goldstein, Spencer, & Donchin, 2002; Bin, Jie, Kevin,
Joseph, & Emanuel, 2001). Furthermore, two fMRI studies
found that amygdala responsivity was preserved with aging
to novel fearful (vs. familiar neutral) faces (Wright et al,,
2006), and to novel (vs. familiar) neutral faces (Wright
etal., 2008). Yet, some studies have documented age-related
changes in affective processing (e.g., see Williams et al., 20006;
Tessitore et al., 2005; Wedig, Rauch, Albert, & Wright, 2005;
Mather et al., 2004; Gunning-Dixon et al., 2003; lidaka et al.,
2002; see St. Jacques, Bessette-Symons, & Cabeza, 2009 for a
review), and given the fact that novelty engages the same
workspace as valenced and arousing stimuli, it is possible that
we might observe changes in responses to novelty with age.

In the present study, we used fMRI to examine age-
related differences in the overall magnitude and (for the
first time) time course of amygdala response to the visual
presentation of novel and familiar images that varied in both
valence and arousal. We were particularly interested in exam-
ining age-related differences in amygdala time course be-
cause there is substantial individual variability of responses
across different individuals (Aguirre, Zarahn, & D’Esposito,
1998) and some studies documented age-related changes
of hemodynamic response curve (e.g., Madden, Whiting, &
Huettel, 2005; Aizenstein et al., 2004; Huettel, Singerman,
& McCarthy, 2001; Buckner, Snyder, Sanders, Raichle, &
Morris, 2000; D’Esposito, Zarahn, Aguirre, & Rypma, 1999).
As there are currently no published reports about details
of hemodynamic time course in the amygdala in response
to affectively potent stimuli, let alone the age-related changes
in the hemodynamic time course, this focus on time course
is a unique feature of the current article.

We presented both younger and older participants with
images that varied in their valence, arousal, and novelty.
We examined whether the novelty responses in the amyg-
dala were moderated by valence and arousal, and whether
these responses were related to subjective experiences of
arousal in response to the pictures. We also examined age-
related differences in functional connectivity within the
affective workspace during novelty processing, as mea-
sured by temporal correlations between the hemodynamic
response to novelty within the amygdala and other brain
structures. Such functional connectivity provides clues to
potential causes and consequences of changes in amygdala
time course. In prior studies, older individuals showed en-
hanced functional connectivity between the amygdala and
ventral anterior cingulate cortex during exposure to nega-
tive images (St. Jacques, Dolcos, & Cabeza, 2010). Changes
in functional connectivity as a consequence of stimulus
novelty are unknown to date.

METHODS
Participants

Nineteen healthy young adults (14 women, S5 men; age:
M = 24.5,5D = 3.68, range = 19-32 years) and 22 healthy
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older adults (14 women, 8 men; age: M = 70.6,SD = 7.09,
range = 62-86 years) were included in the final sample for
the analyses in this study. Our sample size (z = 41) pro-
vided sufficient power to test our hypotheses. Assuming
an effect size of n; = .14 (Mather et al., 2004), our sample
provided a power = .998.

To obtain our final sample, we had screened larger sam-
ple and excluded 16 people. All participants underwent a
Structured Clinical Interview for DSM-IV (First, Spitzer,
Gibbon, & Williams, 1996) to confirm the absence of
DSM-1V Axis I diagnoses. All were right-handed, as deter-
mined by the Edinburgh Handedness Inventory (Oldfield,
1971), and were free of psychoactive medications. All par-
ticipants completed the American National Reading Test
(AMNART; Grober & Sliwinski, 1991; the American modi-
fication of the NART, Nelson, 1982) and the Mini-Mental
State Exam (MMSE; Folstein, Folstein, & McHugh, 1975)
to assess that general cognitive ability was equivalent in
both groups. One older participant with more than 30 er-
rors in the NART (corresponds to verbal 1Q 97, perfor-
mance IQ 98 and full-scale IQ 98) was excluded. No one
was excluded based on the cutoff score (<26) for the
MMSE. Eleven participants were excluded before the scan-
ning due to neuropsychiatric problem-like phobia, schizo-
phrenic, ADHD, bulimia, or medication use. Functional
data were first visualized over the averaged 3-D image
for each individual to ensure that the fMRI signal in the
amygdala was not obscured by susceptibility artifact. Data
from one participant were excluded on this basis. Further,
one young participant and two older participants were also
excluded for excessive head motion during scanning (total
motion vector >3 mm).

Behavioral Measures

All participants also completed standard cognitive and per-
sonality measures because memory and personality pro-
cesses could be third variables of interest that could
explain the age differences that emerged in this study. Par-
ticipants completed the California Verbal Learning Test
(CVLT; Delis, Kramer, Kaplan, & Ober, 2000) to assess
verbal memory abilities. To assess the big five personality
dimensions, participants completed the 100-item Interna-
tional Personality Item Pool (IPIP; Goldberg et al., 2006).
Each IPIP item is a 5-point, Likert-type scale ranging from
1 (very inaccurate) to S (very accurate). Additional mea-
sures were also completed, but are beyond the scope of
this article.

Affective Pictures

One hundred thirty-two full-color images were selected
from the International Affective Picture System (Lang,
Bradley, & Cuthbert, 1997) for each of six combinations
of arousal and valence (i.e., high arousal negative, high
arousal positive, mid arousal negative, mid arousal posi-
tive, mid arousal neutral, and low arousal neutral images).
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