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Abstract—There is growing evidence from patient and psy-
choneuroimmunology studies that there is a clear correlation
between the psychosocial stress and health state, but the
neural mechanism of the correlation remain poorly understood.
The deactivations of the limbic system and anterior frontal
cortex during acute psychosocial stress were reported in recent
studies, and the observed results suggest these brain areas are
activated at rest and during nonstressful situations suggesting
the deactivation regions during stress play an important role in
detrimental health effects of psychosocial stress. However, these
studies mostly aim at confining the brain regions that present
the decrease of the brain blood flow. The response mode and
space-time relation of these regions from overall and dynamic
angle are left untouched. In this paper, we exposed human
subjects to one mathematic stressor and one comparison task
in one functional magnetic resonance imaging (fMRI; 𝑛 = 17)
experiment and one of the regions of interest (ROIs)-based
functional connectivity analyses, within-condition interregional
covariance analysis (WICA), is employed to analyze the in-
teraction of the brain regions that show deactivation during
different task states. We demonstrate a profound deactivation
of limbic system and anterior frontal cortex during mathematic
stress and a neural network of deactivation regions, which was
modulated by the difficult degree of mathematic tasks.

Keywords-fMRI; Deactivation; Mental arithmetic stress;
functional connectivity: WICA;

I. INTRODUCTION

There is growing evidence from patient and neuroimaging
studies that there is a clear correlation between the psychoso-
cial stress and health state. If the stress-response is activated
chronically, it can be the cause of a variety of disorders such
as myopathy, fatigue, hypertension, ulceration, psychogenic
dwarfism, amenorrhea, impotency, increased disease risk
and neuron death [1], [2], [3]. However, neural activation
patterns associated with the initiation of the stress response
remain poorly understood. In recently researches, The de-
activations of the limbic system and anterior frontal cortex
during acute psychosocial stress were reported [4], and the
observed results suggest these brain areas are activated at rest
and during nonstressful situations suggesting the activation
regions play an important role in detrimental health effects
of psychosocial stress [5], [6], [7]. However, these studies
mostly aim at confining the brain regions that present

the decrease of the brain blood flow. The response mode
and space-time relation of these regions from overall and
dynamic angle are left untouched.

Some of the past studies have provided evidence that the
limbic system and anterior frontal cortex play an important
role in the self regulation [8], [9]. So we can assumed that
stress may cause deactivations of brain areas associated with
self regulation, involving the prefrontal cortex, hippocam-
plus, insula, precune and anterior cingulate cortex [4]. In
this study, we exposed human subjects to one mathematic
stressor and one comparison task in one functional magnetic
resonance imaging (fMRI; 𝑛 = 17) experiment and one
of the ROI-based functional connectivity analyses, within-
condition interregional covariance analysis (WICA), is em-
ployed to analyze the interaction of the brain regions that
show deactivation during different task states.

II. MATERIALS AND METHODS

A. Subjects

A total of 17 healthy young subjects (10 men, mean
age 23.35 ± 3.17 years; 7 women, mean age 22.75 ± 3.11

years) recruited from the local population of graduates or
undergraduates at Dalian University of Technology partici-
pated in this study. Informed consent was obtained before
participation.

B. Behavioral Tasks

Psychological stress was induced using the Mental Arith-
metic Task (MAT), where subjects are exposed to challeng-
ing mental arithmetic presented on a computer screen, to
which they have to respond using a tow-button mouse in
time. In each trial of the experimental condition, initially
there appear two Arabic numbers with “+” or “-” between
them, after 0.5 second, the third number appeared. For the
experimental condition, subjects had to decide whether or
not the third number was larger than the operation results
of the first two in 1 second. After each trial, feedbacks
were presented to subjects. If subjects did not respond
correctly and in good time, they would receive the negative
feedbacks using sad face picture as well as raspy sound. In
the control condition, white circular or triangular graphics
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were presented as visual stimuli in the triplets presented
without feedbacks after each trial. The sequence of events
for the Control task was the same as that in the mental
arithmetic tasks. The task was to decide whether or not the
third graphics in a triplet had the same shape as the pair
of graphics presented first. In the rest condition, the user
interface is displayed with a small white attention dot and
without deciding tasks being shown.

C. Functional Imaging Data Acquisition and Analysis

Subjects were scanned on a 3.0 T Siemens Magnetom
Vision Scanner, employing a block design with two runs.
In two runs, three experimental or control blocks were
presented in a constant order with three rest blocks being
presented alternately, each rest block was preceding each
experimental or control block, see Fig.1).

All fMRI data were analyzed by using SPM8 software
packages (Wellcome Department of Cognitive Neurology,
Institute of Neurology, London). Images were first spatially
realigned, normalized, and smoothed (8𝑚𝑚 full width at
half-maximum). Statistical analysis used a random effect
model, with individual activation maps being generated
using the general linear model. The voxel-wise threshold
for activation was set at 𝑃 < 0.05, corrected for the number
of resolution elements in each of the ROIs by using the
SPM small volume correction (SVC) procedure together
with brain masks defined by the automated anatomical
labeling toolbox1. The brain masks defined the brain regions
over each of which the SVC was performed. These brain
regions included the prefrontal cortex, hippocamplus, insula,
precune and anterior cingulate cortex, which were used for
further functional connectivity analysis. Differences in the
task-induced deactivation between the two conditions were
examined with two sample 𝑡 tests, and statistical threshold
was set at 𝑃 < 0.001 uncorrected.

We applied the within-condition interregional covariance
analysis (WICA) method for ROI-based functional connec-
tivity analyses [10], [11]. For each task, functional modula-
tion of brain circuitry was modeled through cross-correlation
analysis of blood oxygen level-dependent (BOLD) signal
over three task blocks and over 17 subjects. In short, in
the current study, we limited our analysis in the preselected
ROIs or a network of areas that were deactivated during
the experimental and control condition (Fig. 1). These areas
included the mPFC (medial prefrontal cortex), the ACC (an-
terior cingulated cortex), the insular, and the hippocampus
in the left hemisphere (Fig. 2). The averaged BOLD signal
for each task block was individually calculated for each ROI
in a network defined both anatomically and functionally on
the activation maps. The between-ROI correlation was then
calculated for the experimental and control conditions (Fig.
3), and the significance level (𝑃 < 0.05) of the correlation

1http://www.fil.ion.ucl.ac.uk/spm/software/spm8/

between activation magnitudes was assessed separately by
using one-tailed t tests.

III. RESULT

A. Brain Deactivations in Mathematic Stress

In this research, we observed deactivations in a network
of structures linked to the limbic system including anterior
cingulate cortex, posterior cingulated cortex, left hippocam-
pus, left insular and bilaterally medial frontal cortex. More
over, we also observed significant deactivations bilaterally
in temporal gyrus and precuneus. Although the similar
deactivated networks were found in two conditions, all
regions deactivations are significantly larger in experimental
condition than those in control condition. See Fig. 2, the
results are visualized using xjView toolbox2, threshold at
uncorrected 𝑃 < 0.005.

B. Brain functional connectivity of deactivation regions

To investigate the interaction of the brain regions that
show deactivation during different task states, we used an
fMRI connectivity analysis method [10], [11], which yielded
distinct functional pathways corresponding to the experi-
mental and control tasks, respectively. Our results show
that the activity in right medial frontal gyrus were strongly
correlated with the activity in right medial frontal gyrus and
activity in anterior cingulate cortex for both experimental
and control tasks; the activity in anterior cingulate cortex
were strongly correlated with the activity in left medial
frontal gyrus, left insular, left hippocampus, right Precuneus
and posterior cingulated cortex only for experimental task,
and there was strong functional connectivity between left
insular and left hippocampus and left amygdala had strong
negative correlation to left hippocampus, anterior cingulate
cortex and posterior cingulated cortex only for experimental
task. See Fig.3.

IV. DISCUSSION

This present study was to investigate the effects of
mathematic stress on brain deactivations with fMRI. Acute
and chronic stressors like emotional or physical trauma,
or prolonged psychosocial stress are often investigated for
their potential implication in health and disease. While the
effects of stress on memory and cognition are frequently
investigated [12], [13], [14], neural activation patterns as-
sociated with the stress response remain poorly understood.
Recently, Lupien et al. [12] used a mental arithmetic task in
a functional fMRI environment. Authors reported deactiva-
tions of limbic system components, arguing that the degree
of deactivation in the hippocampus was correlated with the
release of cortisol in response to the stress task, and the
observed deactivation of limbic system structures suggests
elevated activation during nonstressful situations [4]. In this

2http://www.alivelearn.net/xjview
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Figure 1. Exemplars of the stimuli used for the tasks and experimental design. A block design was used. Each task condition lasted for 30𝑠, each rest
condition lasted for 20𝑠.

study, similar results were found about deactivation of brain
areas. In consideration of the functions in which these areas
participate [4], we can suggest that the anterior cingulate
cortex, the insula, the hippocampus, poster cingulate cortex,
precuneus, and the medial frontal cortex are active areas
during the resting state or nonstressful situations and play
important roles in self-regulation after stress reaction. We
can conclude that the deactivation amounts of brain areas
during acute stress are positive correlated to the difficult
degrees of stressors.

To further demonstrate the above-mentioned conclusions,
we used one of the ROI-based functional connectivity
analyses, within-condition interregional covariance analysis
(WICA), to analyze the interaction of the brain regions
that show deactivation during two conditions, which showed
more stronger connectivity between deactivation regions
in experimental condition than those in control condition
(Fig.3). In view of the above-mentioned conclusions that
the deactivation regions we found in this study play im-
portant roles in self-regulation after stress reaction, we can
arrival at a conclusion. As the stress increases, the brain
gradually suppresses the operation of a network which plays
important roles in self-regulation after stress reaction, and
the inhibition of this network may be the key reason for the
impairment to human health by the stress.

Seeing from Fig. 3, the anterior cingulate cortex (ACC)
plays an important role in the reaction to stress. In the recent
years, more and more evidences support a view that the

anterior cingulate is involved in the regulation of autonomic
activity according to the current context of behavior and
the self-regulation after stressing psychosomatic reaction.
In general, self-regulation is a natural function of brain
networks, designed to control the influx of information from
the environment through orienting, in order to avoid con-
flicting responses in behavior. Many studies present strong
evidences that the anterior cingulate gyrus appears to play
a role in a wide variety of autonomic functions, such as
regulating blood pressure and heart rate, as well as rational
cognitive functions, such as reward anticipation, decision-
making, empathy and emotion [15], [16]. There is also
evidence for anatomical connectivity between the ventral
cingulate and limbic areas and the dorsal cingulate, parietal,
and frontal areas [17]. Anatomical and electrophysiological
studies show there is one type of projection cell which called
the Von Economo neuron in the anterior cingulate gyrus and
stress can diminish the production of these neurons [18],
[19], [20]. Thus it is conceivable that the psychosocial stres-
sor may affect the survival and development of the spindle
cells during infancy, thus influencing adult competence or
dysfunction in emotional self-control and problem-solving
capacity.

V. CONCLUSION

In conclusion, our results suggest the deactivations of the
limbic system and anterior frontal cortex during stressing
situation play an important role in impaired effects to human
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Figure 2. The statistical parametric maps of brain deactivations during processing two conditions relative to baseline.

Figure 3. The functional connectivity between ROIs during two conditions. The strength of functional connectivity between ROls was labeled by a number
and weighted by lines. mPFC: medial prefrontal cortex; ACC: anterior cingulate cortex; InsU: insular; HipC: hippocampus.

health by psychosocial stress. It is known to all that acute
and chronic stressors can impair human health. However, it
remains unanswered how the stressors achieve its impaired
effects in the neural system. The results of this study
provide a hypothesis that the deactivation network of limbic
system components and anterior frontal cortex during the
presence of psychosocial stress may be the key reason for
the impairment to human health by the stress. Future studies
should include measures of stress perception, as well as a
satisfactory assessment of the amounts to the deactivations

in brain to investigate the detailed underlying mechanism.
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