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Abstract

'The change of emotional responses of the brain with age is widely discussed in literature, some of these studies found the age of 40 to be pivotal in this regard. Taking
the advantage of new functional neuroimaging techniques, we conducted a voxel-based meta-analysis to analyze the difference in brain activation during different
emotional stimuli between individuals below the age of 40 years in one hand, and individuals above 40 years in the other hand. During different emotional stimuli,
individuals above 40 years tend to activate areas that provide better self-control especially during sadness. In contrast, individuals below 40 years activate areas that

cause loss of inhibition, especially, during anger.

Introduction

The association between age and emotion is well studied in details
in several reviews and cross-sectional studies [1-4], almost all studies
agreed that emotional reactions change with age, but still there is
a controversy on the nature of this change, although most studies
reported an increase in positive emotional reactions with age. A large
study that analyzed data from Midlife in the United States (MIDUS)
survey concluded that older adults report experiencing more positive
and less negative emotional reactions than younger adults [2]. These
optimistic findings suggest that as people get older, more pleasant
emotions are being experienced.

The age of 40 was reported to be peculiar in several studies as
several changes in the emotional responses occur at this age. Hare,
a remarkable researcher in the field of psychology, reported that
individuals less than 40 years of age react differently to stimuli, as
they commit more crimes and spend more time in prison compared
to older individuals [5]. Calder et al reported a significant decline in
fear recognition and reaction after the age of 40 [6]. Memory, which is
tightly associated with emotion, was reported to decline after the age
of 40 [7].

The recently-developed functional imaging techniques; positron
emission tomography (PET) scan and functional magnetic resonance
imaging (fMRI), have improved our understanding of different
emotional reactions by analyzing brain areas that are activated during
these reactions [8]. Although these studies form a great method to study
brain function, they usually depend on small sample population due to
financial reasons, which is a drawback that might lead to low statistical
power and sensitivity. We tried to overcome this issue by taking these
studies together in a single meta-analysis that combines data from all of
these studies to yield a high statistical power [9].

In the present voxel-based meta-analysis, we aim to study the
peculiar age of 40 by analyzing brain activation during several emotional
stimuli including; sadness, happiness, and anger and then interpreting
these activations to understand how people less than 40 years of age
differ from those over 40 years in their emotional responses.
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Methods

Patient’s data used in this study extracted from brainmap database
(http://www.brainmap.org), details about studies included in this
meta-analysis can be found in supplementary material. We analyzed
all tested emotions (anger, anxiety, disgust, fear, happiness, and
sadness), but only sadness, happiness, and anger had a sufficient data
to be included in this meta-analysis and can provide an overview
on emotional changes during life. The stimulus used to provoke the
emotion of interest delivered by eye (pictures), or ear (sounds), or nose
(odors). Criteria for patient’s inclusion:

- Reported 3D coordinates either in Talairach or MNI systems.

- The implemented task should stimulate the emotion of interest
in any mean (visual, hearing, smell ...etc).

- Voxels reported outside the cerebrum were excluded.

This study is a coordinate-based meta-analysis in which a systemic
approach was adopted to gather relevant coordinates for peak activation
during specific tasks for both sample populations; individuals less than
40 years and individuals more than 40 years of age, using functional
neuroimaging techniques; fMRI and PET scan. We chose 3 main
emotional stimuli; sadness, happiness, and anger, each of which was
done simultaneously while undergoing a fMRI or PET scan.

This systemic approach started by using Sleuth brainmap software
that is designed to extract peak activation coordinates from brainmap
database that match given conditions [10]. 2 main conditions for the
included studies were inputted in Sleuth; Aging (less than 40 and more
than 40 years), and emotion experiment.
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After the completion of coordinate’s extraction for each population,
a quantitative, coordinate-based activation likelihood estimation
(ALE) analysis was done. ALE method is a statistical analysis that deals
with 3D coordinates, this method assesses the probability of an event to
occur at voxel level across studies by incorporating unthresholded data
from each study, that are commonly reported in a standard stereotaxic
space (X, y, z), these 3D coordinate data are typically unfeasible to
obtain solely [11]. The algorithm treats each coordinate of activation
as a spatial probability. Subsequently, ALE maps are calculated by
computing the convergence of activation probabilities for every voxel.
A revised ALE algorithm was proposed and implemented in the
Ginger ALE statistical software [12]. The new algorithm is statistically
more robust as it treats the data using a random-effect approach, and
models the uncertainty associated with a given coordinate. A P value
of less than 0.0001 was considered significant (as recommended by
Ginger ALE manual). Results after this analysis were given in clusters;
each represents areas of significant activation across all studies in the
Talairach system. Studies that originally listed coordinates in MNI
space were transformed into Talairach space using icbm2tal [13] that is
implemented in Ginger ALE.

Finally, results of the ALE analysis were represented onto an
anatomical template designed for Talairach coordinates by Brainmap.
org. In this regard, we utilized the Multi-Image Analysis software
(Mango) that was also used to obtain the figures for each section [14].

Results

A total of 1632 subjects were included in this study, the details
about the included sample including number of subjects, number of
experiments (tasks), and the resulted number of active foci is listed in
table 1. Details about activated areas coordinate and volumes found in
supplementary material tables.

After ALE analysis for sadness, areas that were significantly
activated in individuals less than 40 years of age were; left middle frontal
gyrus, left lateral globus pallidu, left amygdala, left parahyppocampul
gyrus, and bilateral inferior frontal gyri. Areas that were significantly
activated in individuals more than 40 years of age were; left middle
frontal gyrus, bilateral parahyppocampul gyri (BA 35,36), right inferior
frontal, and left anterior cingulate gyrus (BA 32).

For happiness, areas that were significantly activated in individuals
less than 40 years of age were; left amygdala, left fusiform gyrus, and
right parahippocampal gyrus. Areas that were significantly activated in
individuals more than 40 years of age were; left amygdala, right inferior
parietal, right prefrontal, and left insula.

For anger, areas that were significantly activated in individuals less
than 40 years of age were; left globus pallidus, left amygdala, bilateral
prefrontal, and bilateral parahippocampul gyri. Areas that were
significantly activated in individuals more than 40 years of age include;
left globus pallidus, and left amygdala.

Table 1. Description of the included subjects.

Age Number of Number of Number of active
subjects experiments foci
Sadness <40 640 51 874
>40 417 31 518
Happiness <40 88 7 162
>40 55 5 106
Anger <40 280 21 415
>40 152 9 193
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Figure 1 provides an overview on different brain areas that were
significantly activated in the 2 populations.

Discussion

New brain functional imaging techniques led to more
understanding of brain areas’ functions. Now, each brain area has a
proposed function that is predicted to take place upon the activation
of this area. Correlating the pattern of activation during different
emotional stimuli with the already-established brain area’s function
can lead researchers to find the strategy that is taking place during the
performance of this task.

Generally, activation of the prefrontal area, which we found
to be activated in both age groups, suggests emotional processing
[15]. Previous research demonstrated that asymmetry in prefrontal
activation is either due to emotional valence; as right prefrontal area is
associated with positive emotions in contrast to the left prefrontal area
which is associated with negative emotions [16], or due to emotional
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Figure 1. Different brain sections with the area significantly activated during the
corresponding emotional response is marked. A: Left amygdala is activated in individuals
below 40 years of age during sad stimulus. B: Anterior cingulate gyrus is activated in
individuals above 40 years of age during sad stimulus. C: Bilateral parahippocampulgyri
are activated in individuals below 40 years of age during happy stimulus. D: Inferior
parietal lobule is activated in individuals above 40 years of age during happy stimulus. E:
Prefrontal cortex is activated in individuals below 40 years of age during anger stimulus. F:
Amygdala is activated in both age groups during anger stimulus.
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motivation [17]. Significant activation of left prefrontal gyrus in both
age groups was noted in response to sad emotions. This area was
recently found to be associated with failure of error inhibition and
self-control [18]. It was also associated with an increase in anger and
aggression [19]. Activity of parahippocampul gyri was also increased
in both groups; this area was found to be associated with enhanced
episodic memory function [20].

Anterior cingulate gyrus, an area that was activated significantly
only in individuals over 40 years, is implicated in inhibition of negative
thoughts and error recognition. It was also found to be impaired in
patients with major depressive disorder [21]. Activation of this area
is crucial for sad people in order to overcome these negative thoughts
accompanying the experience of sadness.

Memory is closely associated with emotion, but this association is
still not fully-understood. Our results showed that the amygdala, an area
that is associated with disruption of working memory, is significantly
activated in individuals below 40 years while experiencing any of the
three emotional stimuli. Conversely, activation of the inferior frontal
gyrus was noticed in those above 40 years of age. This area opposes the
effect of amygdala’s activation as it enhances working memory [22].

Regarding happiness, both groups showed significant left amygdala
activation which is activated upon emotional reaction and results in
disruption of working memory [22]. Individuals below 40 years of
age showed significant activation of both the fusiform gyrus and
right parahyppocampal gyrus. The former area is implicated in facial
recognition and processing [23], whereas the latter area has a role in
long-term episodic memory processing, as previously mentioned. In
contrast, individuals above 40 years showed significant activation of the
insula, an area that was proposed to monitor the autonomic responses
to emotional stimuli and self-control [24]. They also activated the
inferior parietal lobule, an area that was reported to be activated during
self and others discrimination [25]. In addition, they significantly
activated the right prefrontal activation, which is implicated in pleasure
processing [16].

For anger, only 2 areas showed significant activation in individuals
above the age of 40; the left globus pallidus and left amygdala. These
2 reegions were also significantly activated in individuals less than
40 years of age. Globus pallidus function in emotional regulation is
still not well understood, although its dysfunction in social anxiety
disorders implies its important regulatory function [26]. Individuals
less than 40 years of age tend to activate thee prefrontal area, in addition
to amygdala and globus pallidus. The prefrontal area is implicated in
failure of error inhibition and self-control [18]. Parahippocampul gyri
activation was also noticed in those individuals.

There are several limitations for the meta-analysis. First, we did not
take into account the effect of gender discrepancy on brain activation
strategy. Second, we also did not exclude individuals with certain
comorbidities, as those individuals are minority that will not affect the
end result of significant brain activation (due to the high threshold of
the analysis).

Conclusion

According to the pattern of brain activation during sadness,
individuals over 40 years of age activate areas that inhibit negative
thoughts and enhance working memory compared to those less than
40 years of age. On the other hand, during happiness, working memory
is expected to be impaired in both age groups, but individuals less than
40 years of age have an enhanced episodic memory, compared to those
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over 40 years who tend to activate other areas that are implicated in
self-control. During anger, individuals less than 40 years of age activate
areas that cause loss of inhibition and self-control.
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