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Social support refers to interpersonal exchanges that include the combinations of aid, afﬁrmation and affection.
Perceived social support is a kind of subjective judgment of one’s availability of social support. In spite of the
importance of perceived social support to health, however, its neural substrate remains unknown. To address this
question, voxel-based morphometry was employed to investigate the neural bases of individual differences in
responses to the Perceived Social Support Scale (PSSS) in healthy volunteers (144 men and 203 women; mean
age = 19.9; SD = 1.33, age range : 17–27). As a result, multiple regression analysis revealed that the PSSS scores
were signiﬁcantly and positively correlated with gray matter volume in a cluster that mainly included areas in
posterior parts of posterior cingulate cortex, bilateral lingual cortex, left occipital lobe and cuneus. Highlysupported individuals had larger gray matter volume in these brain regions, implying a relatively high level of
ability to engage in self-referential processes and social cognition. Our results provide a biological basis for
exploring perceived social support particularly in relationship to various health parameters and outcomes.

Keywords: Perceived social support; Voxel-based morphometry; Gray matter volume.

Humans live in complicated societies in which they
are not alone, but rather connected with each other
tightly. Without any exaggeration, social support is
one of the reasons why we would feel we aren’t
separated from others. Social support is a complex
conception and social phenomenon. At the simplistic
level, it refers to interpersonal exchanges that include
combinations of aid, afﬁrmation and affection
(Williams et al., 2004). Generally speaking, social
support is deﬁned as living in a social network that
is deﬁned by size, duration of membership, percentage
of relationships that are both help giving and help
receiving, and the proportion of members who are
familiar with each other (Gulick, 1994).

Furthermore, perceived social support emphasizes
the subjective feeling of help and care offered by the
community, social networks, and conﬁding partners
(Lin, 1986). Perceived availability of social support
appears to differ among individual despite access to
similar resources.
Clearly, perceived social support can be beneﬁcial to
health outcomes both physically and mentally.
Speciﬁcally, two distinct models have been proposed
with regard to the beneﬁts of social support to health
outcomes. One claimed that social support could produce helpful effects on a person’s life directly, regardless of the level of stress or disruption (Broadhead
et al., 1983); on the contrary, the other treated social
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support as a buffer, which protected individuals from
the harmful effects of stress (Blumenthal et al., 1987;
Cohen & McKay, 1984; Dalgard & Tambs, 1995;
Feldman, Downey, & Schaffer-Neitz, 1999; Gore,
1981; Helgeson & Cohen, 1996; House, 1981; Peirce,
Frone, Russell, Cooper, & Mudar, 2000). Furthermore,
multiple mechanisms were proposed regarding how
social support buffered stress (and, hence, improved
clinical outcomes), which included improved therapeutic compliance and accessibility to medical emergency
care and treatment, health-promoting behavior change
and direct neuroendocrine effects (Ikeda et al., 2008).
Despite controversy about the speciﬁc pathways, it is
considered likely that social support can have a positive
effect on health outcomes.
In spite of the importance of perceived social support to health, however, its neural bases remain
unknown. In this study, we propose to experimentally
measure perceived social support and examine its
relationship to brain anatomy. The Multidimensional
Scale of Perceived Social Support (MSPSS) has been
developed as a self-report measure of subjectively
assessed social support, encompassing individuals’
self-reﬂection on the availability of social support
(Zimet, Dahlem, Zimet, & Farley, 1988). When it
comes to the processes of self-reﬂection and selfrelated materials, a reﬁned anatomical brain network,
namely the “default mode network” (DMN), is generally recruited (Raichle et al., 2001). The DMN consists of dorsal and ventral medial prefrontal cortex
(mPFC), posterior cingulate cortex (PCC), precuneus
(PREC), posterior inferior parietal regions, lateral
temporal cortex, and the hippocampal formation
including parahippocampus (Buckner et al., 2008).
The DMN is further engaged in the maintenance of
baseline brain activities including self-awareness, episodic memory and information exchange between the
internal mind and external world (Buckner, 2008; Fox
et al., 2005; Raichle et al., 2001).
Perceived social support also can be conceptualized as a speciﬁc kind of social cognition that may
invoke abilities such as remembering the past (autobiographical memory), thinking about the future
(envisioning) and understanding other minds (mentalizing) (Buckner & Carroll, 2007). Several of these
abilities have been associated with structures comprising the DMN. Speciﬁcally, a common pattern of
neural activation in DMN was demonstrated underlying processes of autobiographical remembering,
prospection, and mentalizing (Spreng & Grady,
2010). Episodic memory and envisioning the future
were demonstrated to share a common neural network
including PCC/PREC and medial prefrontal cortex
(mPFC) (Addis, Wong, & Schacter, 2007). In
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addition, identical functional connectivity patterns
were detected among ventromedial prefrontal cortex
(vmPFC), PCC/PREC and temporoparietal junction
(TPJ) regions during mentalizing of both self
and other (Lombardo, Chakrabarti, Bullmore,
Wheelwright, & Sadek, 2010). In summary, there is
strong evidence that neural signatures underpinning
social cognition extensively match with DMN
(Amodio & Frith, 2006; Cavanna & Trimble, 2006;
Saxe, 2006), supporting the hypothesis that human
beings may have a predisposition for social cognition
when not faced with an environmental demand
(Schilbach, Eickhoff, Rotarska-Jagiela, Fink, &
Vogeley, 2008). Given these ﬁndings, an intriguing
question can be raised whether individuals will be
engaged in assessing the availability of social support
when left alone.
To answer the question, voxel-based morphometry
(VBM) was employed to probe the neural bases of
individual differences in perceived social support.
VBM is a fast, straightforward method to quantify
the amount of gray matter existing in a voxel
(Ashburner & Friston, 2000; Bullmore et al., 1999;
Good et al., 2001; Wright et al., 1995). Gray matter
volume is conceptualized as the amount of gray matter
lying between the gray–white interface and the pia
mater (Winkler et al., 2010). Compared to functional
imaging, structural imaging studies are particularly
suitable for investigating the anatomical correlates of
personal characteristics including a series of behaviors
and ideas occurring outside the laboratory (Takeuchi
et al., 2012). Therefore, we propose to test the hypothesis that individual differences in perceived social
support will be associated with differences in the
volume of DMN structures, especially parts of its
core hubs- the PCC and mPFC.

MATERIALS AND METHODS
Subjects
A total of 347 right-handed, healthy volunteers (144
men and 203 women; mean age = 19.9; SD = 1.33,
age range: 17–27) participated in this study, which
was a part of our ongoing project aimed at examining
the associations among brain imaging, creativity and
mental health. All of the participants were undergraduate students from a local university in southwest
China. All participants were directed to complete the
Perceived Social Support Scale (PSSS) (Jiang, 2001).
None had a history of neurological or psychiatric illness. The study was approved by the Southwest
University Brain Imaging Center Institutional
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Review Board at its beginning. According to the
Declaration of Helsinki, all participants signed a written informed consent.
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Assessment of perceived social
support
The perceived Social Support Scale (PSSS) is a
revised version of the Multidimensional Scale of
Perceived Social Support (MSPSS) (Zimet et al.,
1988), which was developed to measure the level of
subjectively assessed social support. The PSSS contains 12 items ranging from family to friend and to
signiﬁcant other support. Participants answered the
questions using a 7-point scale from “strongly disapproval” to “strongly approval”. The PSSS has been
found to be a sensitive and ecologically valid selfreport measure of social support (Zimet et al., 1988;
Zimet, Powell, Farley, Werkman, & Berkoff, 1990).
Examples of PSSS items are as follows: “My family
really tries to help me.” (Family support); “I have
friends with whom I can share my joys and sorrows.”
(Friend support); “There is a special person who is
around when I am in need” (Signiﬁcant others support) (Zimet et al., 1988).

MRI data acquisition
A 3.0-T Siemens Trio MRI scanner (Siemens Medical,
Erlangen, Germany) was employed to acquire MR
images. High-resolution T1-weighted anatomical
images were obtained with the application of a magnetization-prepared rapid gradient echo (MPRAGE)
sequence (repetition time (TR) = 1900 ms; echo time
(TE) = 2.52 ms; inversion time (TI) = 900 ms; ﬂip
angle = 9 degrees; resolution matrix = 256 × 256;
slices = 176; thickness = 1.0 mm; voxle
size = 1 × 1 × 1 mm).

white
matter
(WM).
Then,
Diffeomorphic
Anatomical Registration through Exponentiated Lie
(DARTEL) algebra in SPM8 was manipulated
for registration, normalization, and modulation
(Ashburner, 2007). To ensure that regional differences
in the absolute amount of GM were conserved, we
modulated the image intensity of each voxel by the
Jacobian determinants and then transformed registered
images to Montreal Neurological Institute (MNI)
space. Finally, in order to increase signal to noise
ratio, the normalized modulated images were
smoothed with a 10-mm full-width at half-maximum
Gaussian kernel.

Statistical analysis
SPM8 was applied for statistical analyses of gray
matter volume (GMV) data. To identify brain
regions where regional GMV was statistically related
to individual differences in perceived social support,
a multiple linear regression was employed in the
whole-brain analyses. Speciﬁcally, in the multiple
linear regression model, the scores of the PSSS
served as the variable of interest, while age, gender
and global volumes of gray matter were entered as
covariates to control possible confounds. Absolute
threshold masking of 0.2 was set so as to refrain
from the edge effects around the boundary between
GM and WM. Hence, voxels were excluded from the
analyses if its gray matter values were lower than
0.2. For all analyses, we set the cluster-level statistical threshold at p < .05 and corrected with underlying voxel level of p < .001 at the non-stationary
cluster correction (Hayasaka, Phan, Liberzon,
Worsley, & Nichols, 2004).

RESULTS
Basic data

Voxel-based morphometry
To process the MR images SPM8 (Wellcome
Department of Cognitive Neurology, London, UK;
www.ﬁl.ion.ucl.ac.uk/spm) was implemented in
Matlab 7.8 (MathWorks Inc., Natick, MA, USA). In
order to screen for artifacts or gross anatomical
abnormalities, each MR image was ﬁrst displayed in
SPM8. The reorientation of the images was manually
set to the anterior commissure for better registration.
The New segmentation in SPM8 was applied for
segmenting the images into gray matter (GM) and

Table 1 showed the average and standard deviation
(SD) for PSSS scale scores as well as for age. It also
showed the distribution of PSSS scale scores. The
TABLE 1
Demographic variable and distribution of PSSS scale scores
of the study subjects (N = 347; men = 144, women = 203)
Measure

Mean

SD

Range

Age
PSSS

19.9
64.7

1.33
7

17–27
40–49 50–59 60–69 70–79 80–84
5
76
171 94
1

PERCEIVED SOCIAL SUPPORT AND GMV

PSSS scale scores did not signiﬁcantly correlate with
age (r = 0.015, p = .783), gender (r = 0.06, p = .262)
and whole brain volume (r = −0.06, p = .261).

TABLE 2
Brain regions with signiﬁcant correlations between GMV and
PSSS scale scores
MNI
coordinates (mm)
Region
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Posterior
cingulate
cortex

Side

x

y

z

T-score

Cluster
size
(voxels)

R/L

1.5

–60

4.5

4.71

181

We tested the association between GMV and individual differences in PSSS scores. After controlling
for age, gender and total gray matter volume using
multiple regression analysis, results revealed that
the PSSS scores were signiﬁcantly and positively
correlated with GMV in a cluster that mainly
included areas in the posterior portion of bilateral
posterior cingulate cortex, extending to bilateral lingual cortex, left occipital lobe and cuneus (MNI
coordinates, 1.5, –60, 4.5, cluster size = 181,
t = 4.71, p[corr] < .05 nonstationary) (Figure 1 and
Table 2). Highly-supported individuals had relatively larger gray matter volume in this cluster.
Figure 2 depicted the signiﬁcant linear relationship
between PSSS and gray matter volume in posterior PCC.

Figure 2. Signiﬁcant correlation between VBM response in PCC
peak voxel (controlling for effects of age, gender, and total gray
matter volume) and PSSS.

DISCUSSION

Figure 1. Anatomical correlates of PSSS. The regions of signiﬁcant correlation are overlaid on SPM8’s “single subject” T1 image.
GMV was positively correlated with individual PSSS in a cluster
that mainly included areas in the posterior cingulate cortex, extending to cuneus and lingual cortex. Results are p < .05, corrected for
multiple comparisons at a cluster level with nonstationary correction, with an underlying voxel level of p < .001, uncorrected.

To the best of our knowledge, this is the ﬁrst study to
investigate the neural substrates of perceived social
support by means of voxel-based morphometry.
Increased gray matter volume in the posterior parts
of posterior cingulate cortex, the bilateral lingual cortex, the left occipital lobe and the cuneus was associated with individual differences in perceived social
support. Speciﬁcally, individuals reporting high levels
of perceived social support had larger gray matter
volume in these brain regions, implying a relatively
high level of ability to engage in self-referential processes and social cognition.
Lower regional gray matter volume in the posterior
portion of PCC and cuneus may be associated with
reduced abilities of self-reﬂection and self-referential
processes, leading to decreased perceived social support. The posterior cingulate cortex has been regarded
as one of the key hubs in the default mode network
involved in self-awareness and self-referential
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processes (Buckner, 2008; Fransson & Marrelec,
2008; Greicius, Krasnow, Reiss, & Menon, 2003).
The cuneus also has been treated as a component of
DMN in a few studies (Buckner, 2008; Sreenivas,
Boehm, & Linden, 2012; Zhang et al., 2010),
although with less certainty. A number of studies
have conﬁrmed a critical role for posterior parts of
PCC in self-reﬂection and self-referential processes,
including integrating self-referential stimuli (Northoff
& Bermpohl, 2004), self-referential mental activity
(Menon, 2011), and, along with mPFC, self-reﬂective
thought in individual analyses (Johnson et al., 2002).
Therefore, variability in individual differences in posterior PCC and cuneus volumes may result in differences in self-reﬂection and self-referential processes.
Because of the fact that self-report of social support
relies on such self-referential processes, it’s reasonable to speculate that different levels of perceived
social support will result from individual differences
in posterior PCC and cuneus volumes. Speciﬁcally,
for those with relatively larger GMV in posterior PCC
and cuneus, increased abilities of self-reﬂection and
self-referential processes may facilitate social insight
and awareness and lead to report of higher levels of
social support. A connection between perceived social
support and GMV in posterior PCC and occipital lobe
may also stem from the role of these brain areas in
visual imagery processes (Mantani, Okamoto, Shirao,
Okada, & Yamawaki, 2005). For example, the posterior PCC has been proposed to have a crucial role in
alexithymia-related imagery disturbance (Mantani
et al., 2005). What’s more, medial parieto-occipital
area (MPOA) was recruited in imagery domain studies (Ghaem et al., 1997; Kosslyn et al., 1993;
Mantani et al., 2005; Mellet, Tzourio, Denis, &
Mazoyer, 1995; Roland & Gulyás, 1995). Moreover,
larger GMV in the posterior PCC and occipital lobe
have been associated with increased ability in visioning or visual imagery processes which may play a
major role in imagining scenes relevant to social support. In this way, higher levels of perceived social
support may come to mind more easily to those with
larger GMV in posterior PCC and occipital lobe when
left to assess the availability of social support.
Commonly, it’s desirable to explore the neural
bases of social cognition from non-human primates
when questioning the “social brain” in human beings.
Interestingly, a DMN similar to that in the human
brain has been detected in non-human primates
(Kojima et al., 2009; Vincent et al., 2007).
Furthermore, Mars et al. (2012) suggested an overlap
between the DMN and brain areas underpinning social
cognition in macaque, of which the posterior PCC is a
core component. In consideration of the critical role

for the posterior portion of PCC in social cognition
among human participants (Addis et al., 2007;
Spreng, Mar, & Kim, 2009), it’s easy to propose that
increased GMV in the posterior PCC provides a
neural substrate for relatively higher ability to engage
in social cognition. Accordingly, this increased ability
of social cognition can pave a way for better performance in autobiographical memory and envisioning
the future when individuals are directed to estimate
the level of social support.
The observed association between perceived social
support and volume of posterior PCC and occipital
lobe can also be interpreted from this region’s role in
anxiety and risk mental state. For one thing, a negative correlation was detected between gray matter
volume in posterior PCC and anxiety scores
(Spampinato, Wood, De Simone, & Grafman, 2009).
Conceptualizing this result into a neural network of
anxiety, some aspects of cognitive proﬁles, such as
negative memory bias or perceptual biases in the
comprehension of environment, were observed in
trait and clinical anxiety due to dysfunction of the
posterior portion of PCC (Spampinato et al., 2009).
Moreover, occipital areas were found to be engaged in
detecting external threatening signals in subjects with
increased anxiety (Wu, Andreescu, Figurski, Tanase,
& Aizenstein, 2009). Smaller GMV in posterior PCC
was reported in individuals with an “At Risk Mental
State” (ARMS) compared to healthy volunteers
(Borgwardt et al., 2007). These studies suggest that
decreased GMV in occipital lobe and posterior PCC
might lead to negative, even false observation and
interpretation of emotional events and experiences
resulting in reduced perceived social support.
The main strength of present study was the application of an automated volumetric technique probing
associations between brain morphometry and perceived social support. However, our study has several
limitations. First, because of the fact that experiences
of social connection and detection of safety rely on
basic reward-related circuitry (Eisenberger & Cole,
2012), it’s reasonable to speculate that perceived
social support would be associated with rewardrelated regions including vmPFC, ventral striatum
(VS) and septal area (SA) (Eisenberger & Cole,
2012; Moll et al., 2012). However, signiﬁcant correlation between perceived social support and GMV in
reward-related regions wasn’t observed in present
study. There is evidence suggesting that the PCC
plays a critical role in responding to safety cues that
could be experienced as rewarding or reinforcing, in
addition to reward-related regions mentioned above
(Atlas, Bolger, Lindquist, & Wager, 2010; Delgado,
Olsson, & Phelps, 2006; Phelps, Delgado, Nearing, &
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LeDoux, 2004; Wager et al., 2009). Among those in
social exclusion, providing them socially supportive
information increased activity in PCC (Onoda et al.,
2009). Hence, future researchers need to investigate
how to discriminate PCC from reward-related regions
during responses to safety cues. Secondly, “afﬁliation”
related regions were not correlated with perceived
social support. It may be the case that “afﬁliations”
lay stress on intimate relations, especially on relatives
(Moll et al., 2012); however, the PSSS extends it also
to friends and signiﬁcant others. These tiny distinctions may contribute to the failure in observing signiﬁcant association between the PSSS and
“afﬁliation” related regions. Interestingly, the precuneus activation in the afﬁliative versus nonafﬁliative
contrast occurred in close proximity to the brain areas
observed in present study (Moll et al., 2012). Another
concern is the assessment of perceived social support
which often has been divided into three types of
support, namely emotional, instrumental, and informational support (House & Kahn, 1985; House,
1981; Kahn & Antonucci, 1980; Thoits, 1985).
Since the PSSS surveys subjectively assessed social
support (Zimet et al., 1988), it will be tightly associated with emotional support even though several
items (items 1, 3, 6, 7, 8, 11, 12, Table 3) will
guide participants to the thought of vivid scenes relevant to instrumental and informational support. In
effect, no studies to date have been reviewed to divide
PSSS into these three subscales accurately. Moreover,
a review of studies conﬁrmed that caudal part of the
PCC was the cortical region activated by emotional
stimuli (Maddock, 1999), in addition to the “affective” regions such as VS, SA, vmPFC and insula.
Also, the PCC was shown to be connected with
TABLE 3
Items of the PSSS
Number
1
2
3
4
5
6
7
8
9
10
11
12

Item
There is a special person who is around when I am in
need.
There is a special person with whom I can share my joys
and sorrows.
My family really tries to help me.
I get the emotional help and support I need from my
family.
I have a special person who is a real source of comfort
to me.
My friends really try to help me.
I can count on my friends when things go wrong.
I can talk about my problems with my family.
I have friends with whom I can share my joys and
sorrows.
There is a special persons in my life who cares about my
feelings.
My family is willing to help me make decisions.
I can talk about my problems with my friends.
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regions engaged in emotional processing (GoldmanRakic, Selemon, & Schwartz, 1984; Musil & Olson,
1993; Van Hoesen, Morecraft, & Vogt, 1993).
Reasons why the “affective” regions were not correlated signiﬁcantly with PSSS in present study may lie
in the fact that PSSS is a complicated instrument that
includes emotional, instrumental, and informational
support. Besides, it was a pity that mental health outcome wasn’t acquired in this analysis which could
made the results stronger. In future studies, we will
try to screen for psychiatric disorders in participants
and to clarify the relationship among perceived social
support, brain data and mental health outcome clearly.
To the best of our knowledge, this is the ﬁrst
study to investigate the associations between gray
matter structures and perceived social support.
Results supported our hypothesis that parts of
DMN, speciﬁcally posterior portion of PCC, occipital lobe and cuneus, were associated with perceived
social support. It’s suggested that individual differences in perceived social support can reﬂect the gray
matter structures of focal regions. Our results provide a biological basis for exploring perceived social
support. Future researchers should focus on investigations of the neural substrates of perceived social
support and its applications to physical, social and
emotional health.
Original manuscript received 8 May 2013
Revised manuscript accepted 1 December 2013
First published online 7 January 2014

REFERENCES
Addis, D. R., Wong, A. T., & Schacter, D. L. (2007).
Remembering the past and imagining the future:
Common and distinct neural substrates during event construction and elaboration. Neuropsychologia, 45, 1363.
Amodio, D. M., & Frith, C. D. (2006). Meeting of minds:
The medial frontal cortex and social cognition. Nature
Reviews. Neuroscience, 7, 268–277.
Ashburner, J. (2007). A fast diffeomorphic image registration algorithm. NeuroImage, 38, 95–113.
Ashburner, J., & Friston, K. J. (2000). Voxel-based morphometry—the methods. NeuroImage, 11, 805–821.
Atlas, L. Y., Bolger, N., Lindquist, M. A., & Wager, T. D.
(2010). Brain mediators of predictive cue effects on
perceived pain. The Journal of Neuroscience, 30,
12964–12977.
Blumenthal, J. A., Burg, M. M., Barefoot, J., Williams, R.
B., Haney, T., & Zimet, G. (1987). Social support, type
A behavior, and coronary artery disease. Psychosomatic
Medicine, 49, 331–340.
Borgwardt, S. J., Riecher-Rossler, A., Dazzan, P., Chitnis,
X., Aston, J., Drewe, M., … McGuire, P. K. (2007).
Regional gray matter volume abnormalities in the at
risk mental state. Biological Psychiatry, 61, 1148–1156.

Downloaded by [UGR-BTCA Gral Universitaria] at 20:05 08 May 2014

158

CHE ET AL.

Broadhead, W. E., Kaplan, B. H., James, S. A., Wagner, E.
H., Schoenbach, V. J., Grimson, R., … Gehlbach, S. H.
(1983). The epidemiologic evidence for a relationship
between social support and health. American Journal of
Epidemiology, 117, 521–537.
Buckner, R. (2008). The brain’s default network: Anatomy,
function, and relevance to disease. Annals of the New
York Academy of Sciences, 1124, 1–38.
Buckner, R. L., & Carroll, D. C. (2007). Self-projection and
the brain. Trends in Cognitive Sciences, 11, 49–57.
Bullmore, E. T., Suckling, J., Overmeyer, S., Rabe-Hesketh,
S., Taylor, E., & Brammer, M. J. (1999). Global, voxel,
and cluster tests, by theory and permutation, for a difference between two groups of structural MR images of the
brain. IEEE Transactions on Medical Imaging, 18, 32–42.
Cavanna, A. E., & Trimble, M. R. (2006). The precuneus: A
review of its functional anatomy and behavioural correlates. Brain, 129, 564–583.
Cohen, S., & McKay, G. (1984). Social support, stress, and
the buffering hypothesis: A theoretical analysis.
Handbook of Psychology and Health, 4, 253–267.
Dalgard, O. S., & Tambs, K. (1995). Social support, negative life events and mental health. The British Journal of
Psychiatry, 166, 29–34.
Delgado, M., Olsson, A., & Phelps, E. (2006). Extending
animal models of fear conditioning to humans.
Biological Psychology, 73, 39–48.
Eisenberger, N. I., & Cole, S. W. (2012). Social neuroscience and health: Neurophysiological mechanisms
linking social ties with physical health. Nature
Neuroscience, 15, 669–674.
Feldman, S. I., Downey, G., & Schaffer-Neitz, R. (1999).
Pain, negative mood, and perceived support in chronic
pain patients: A daily diary study of people with reﬂex
sympathetic dystrophy syndrome. Journal of Consulting
and Clinical Psychology, 67, 776.
Fox, M. D., Snyder, A. Z., Vincent, J. L., Corbetta, M., Van
Essen, D. C., & Raichle, M. E. (2005). The human brain
is intrinsically organized into dynamic, anticorrelated
functional networks. Proceedings of the National
Academy of Sciences of the United States of America,
102, 9673–9678.
Fransson, P., & Marrelec, G. (2008). The precuneus/posterior cingulate cortex plays a pivotal role in the default
mode network: Evidence from a partial correlation network analysis. NeuroImage, 42, 1178.
Ghaem, O., Mellet, E., Crivello, F., Tzourio, N., Mazoyer,
B., Berthoz, A., & Denis, M. (1997). Mental navigation
along memorized routes activates the hippocampus, precuneus, and insula. Neuroreport, 8, 739–744.
Goldman-Rakic, P., Selemon, L., & Schwartz, M. (1984).
Dual pathways connecting the dorsolateral prefrontal
cortex with the hippocampal formation and parahippocampal cortex in the rhesus monkey. Neuroscience, 12,
719–743.
Good, C. D., Johnsrude, I. S., Ashburner, J., Henson, R. N.,
Friston, K. J., & Frackowiak, R. S. (2001). A voxelbased morphometric study of ageing in 465 normal
adult human brains. NeuroImage, 14, 21–36.
Gore, S. (1981). Stress-buffering functions of social supports: An appraisal and clariﬁcation of research models.
New York, NY: Prodist.
Greicius, M. D., Krasnow, B., Reiss, A. L., & Menon, V.
(2003). Functional connectivity in the resting brain: A

network analysis of the default mode hypothesis.
Proceedings of the National Academy of Sciences, 100,
253–258.
Gulick, E. E. (1994). Social support among persons with
multiple sclerosis. Research in Nursing & Health, 17,
195–206.
Hayasaka, S., Phan, K. L., Liberzon, I., Worsley, K. J., &
Nichols, T. E. (2004). Nonstationary cluster-size inference with random ﬁeld and permutation methods.
NeuroImage, 22, 676–687.
Helgeson, V. S., & Cohen, S. (1996). Social support and
adjustment to cancer: Reconciling descriptive, correlational, and intervention research. Health Psychology,
15, 135–148.
House, J. S. (1981). Work stress and social support.
Reading, MA: Addison-Wesley Publishing Company.
House, J. S., & Kahn, R. L. (1985). Measures and concepts
of social support. Orlando, FL: Academic Press.
Ikeda, A., Iso, H., Kawachi, I., Yamagishi, K., Inoue, M., &
Tsugane, S. (2008). Social support and stroke and coronary heart disease the JPHC study cohorts II. Stroke,
39, 768–775.
Jiang, Q. J. (2001). Perceived social support scale. Chinese
Journal of Behavioral Medical Science, 10, 41–43.
Johnson, S. C., Baxter, L. C., Wilder, L. S., Pipe, J. G.,
Heiserman, J. E., & Prigatano, G. P. (2002). Neural
correlates of self-reﬂection. Brain, 125, 1808–1814.
Kahn, R. L., & Antonucci, T. C. (1980). Convoys over the
life course: Attachment, roles, and social support. Lifespan Development and Behavior, 3, 253–286.
Kojima, T., Onoe, H., Hikosaka, K., Tsutsui, K.-I.,
Tsukada, H., & Watanabe, M. (2009). Default mode
of brain activity demonstrated by positron emission
tomography imaging in awake monkeys: Higher restrelated than working memory-related activity in medial
cortical areas. The Journal of Neuroscience, 29,
14463–14471.
Kosslyn, S. M., Alpert, N. M., Thompson, W. L., Maljkovic,
V., Weise, S. B., Chabris, C. F., … Buonanno, F. S.
(1993). Visual mental imagery activates topographically
organized visual cortex: PET investigations. Journal of
Cognitive Neuroscience, 5, 263–287.
Lin, N. (1986). Conceptualizing social support. Orlando,
FL: Academic Press.
Lombardo, M. V., Chakrabarti, B., Bullmore, E. T.,
Wheelwright, S. J., & Sadek, S. A. (2010). Shared neural
circuits for mentalizing about the self and others. Journal
of Cognitive Neuroscience, 22, 1623–1635.
Maddock, R. J. (1999). The retrosplenial cortex and emotion: New insights from functional neuroimaging of the
human brain. Trends in Neurosciences, 22, 310–316.
Mantani, T., Okamoto, Y., Shirao, N., Okada, G., &
Yamawaki, S. (2005). Reduced activation of posterior
cingulate cortex during imagery in subjects with high
degrees of alexithymia: A functional magnetic resonance
imaging study. Biological Psychiatry, 57, 982–990.
Mars, R. B., Neubert, F.-X., Noonan, M. P., Sallet, J., Toni,
I., & Rushworth, M. F. (2012). On the relationship
between the “default mode network” and the “social
brain. Frontiers in Human Neuroscience, 6, 189.
Mellet, E., Tzourio, N., Denis, M., & Mazoyer, B. (1995). A
positron emission tomography study of visual and mental
spatial exploration. Journal of Cognitive Neuroscience,
7, 433–445.

Downloaded by [UGR-BTCA Gral Universitaria] at 20:05 08 May 2014

PERCEIVED SOCIAL SUPPORT AND GMV

Menon, V. (2011). Large-scale brain networks and psychopathology: A unifying triple network model. Trends in
Cognitive Sciences, 15, 483–506.
Moll, J., Bado, P., de Oliveira-Souza, R., Bramati, I. E.,
Lima, D. O., Paiva, F. F., … Zahn, R. (2012). A neural
signature of afﬁliative emotion in the human septohypothalamic area. The Journal of Neuroscience, 32,
12499–12505.
Musil, S. Y., & Olson, C. R. (1993). The role of cat cingulate cortex in sensorimotor integration. Boston, MA:
Birkhauser.
Northoff, G., & Bermpohl, F. (2004). Cortical midline structures and the self. Trends in Cognitive Sciences, 8,
102–107.
Onoda, K., Okamoto, Y., Nakashima, K. I., Nittono, H.,
Ura, M., & Yamawaki, S. (2009). Decreased ventral
anterior cingulate cortex activity is associated with
reduced social pain during emotional support. Social
Neuroscience, 4, 443–454.
Peirce, R. S., Frone, M. R., Russell, M., Cooper, M. L., &
Mudar, P. (2000). A longitudinal model of social contact,
social support, depression, and alcohol use. Health
Psychology, 19, 28–38.
Phelps, E. A., Delgado, M. R., Nearing, K. I., & LeDoux,
J. E. (2004). Extinction learning in humans: Role of the
amygdala and vmPFC. Neuron, 43, 897–905.
Raichle, M. E., MacLeod, A. M., Snyder, A. Z., Powers, W.
J., Gusnard, D. A., & Shulman, G. L. (2001). A default
mode of brain function. Proceedings of the National
Academy of Sciences, 98, 676–682.
Roland, P., & Gulyás, B. (1995). Visual memory, visual
imagery, and visual recognition of large ﬁeld patterns
by the human brain: Functional anatomy by positron
emission tomography. Cerebral Cortex, 5, 79–93.
Saxe, R. (2006). Uniquely human social cognition. Current
Opinion in Neurobiology, 16, 235–239.
Schilbach, L., Eickhoff, S. B., Rotarska-Jagiela, A., Fink, G.
R., & Vogeley, K. (2008). Minds at rest? Social cognition
as the default mode of cognizing and its putative relationship to the “default system” of the brain.
Consciousness and Cognition, 17, 457–467.
Spampinato, M., Wood, J., De Simone, V., & Grafman, J.
(2009). Neural correlates of anxiety in healthy volunteers:
A voxel-based morphometry study. The Journal of
Neuropsychiatry and Clinical Neurosciences, 21, 199–205.
Spreng, R. N., & Grady, C. L. (2010). Patterns of brain
activity supporting autobiographical memory, prospection, and theory of mind, and their relationship to the
default mode network. Journal of Cognitive
Neuroscience, 22, 1112–1123.
Spreng, R. N., Mar, R. A., & Kim, A. S. (2009). The
common neural basis of autobiographical memory, prospection, navigation, theory of mind, and the default
mode: A quantitative meta-analysis. Journal of
Cognitive Neuroscience, 21, 489–510.

159

Sreenivas, S., Boehm, S., & Linden, D. (2012). Emotional
faces and the default mode network. Neuroscience
Letters, 506, 229–234.
Takeuchi, H., Taki, Y., Nouchi, R., Sekiguchi, A., Kotozaki,
Y., Miyauchi, C. M., … Kawashima, R. (2012). A voxelbased morphometry study of gray and white matter correlates of a need for uniqueness. NeuroImage, 63, 1119–
1126.
Thoits, P. A. (1985). Social support and psychological wellbeing: Theoretical possibilities. Dordrecht: Martinus
Nijhoff.
Van Hoesen, G. W., Morecraft, R. J., & Vogt, B. A. (1993).
Connections of the monkey cingulate cortex. Boston,
MA: Birkhauser.
Vincent, J., Patel, G., Fox, M., Snyder, A., Baker, J., Van
Essen, D., … Raichle, M. E. (2007). Intrinsic functional
architecture in the anaesthetized monkey brain. Nature,
447, 83–86.
Wager, T. D., van Ast, V. A., Hughes, B. L., Davidson,
M. L., Lindquist, M. A., & Ochsner, K. N. (2009).
Brain mediators of cardiovascular responses to social
threat, part II: Prefrontal-subcortical pathways and relationship with anxiety. NeuroImage, 47, 836–851.
Williams, R. M., Turner, A. P., Hatzakis, M., Chu, S.,
Rodriquez, A. A., Bowen, J. D., … Haselkorn, J. K.
(2004). Social support among veterans with multiple
sclerosis. Rehabilitation Psychology, 49, 106–113.
Winkler, A. M., Kochunov, P., Blangero, J., Almasy, L.,
Zilles, K., Fox, P. T., … Glahn, D. C. (2010). Cortical
thickness or grey matter volume? The importance of
selecting the phenotype for imaging genetics studies.
NeuroImage, 53, 1135–1146.
Wright, I., McGuire, P., Poline, J.-B., Travere, J., Murray,
R., Frith, C., … Friston, K. J. (1995). A voxel-based
method for the statistical analysis of gray and white
matter density applied to schizophrenia. NeuroImage, 2,
244–252.
Wu, M., Andreescu, C., Figurski, J., Tanase, C., &
Aizenstein, H. (2009). Resting state fMRI in late-life
anxious depression. Proceedings of the International
Society for Magnetic Resonance in Medicine, 17,
3382.
Zhang, H.-Y., Wang, S.-J., Liu, B., Ma, Z.-L., Yang, M.,
Zhang, Z.-J., & Teng, G.-J. (2010). Resting brain connectivity: Changes during the progress of Alzheimer
disease1. Radiology, 256, 598–606.
Zimet, G. D., Dahlem, N. W., Zimet, S. G., & Farley, G.
K. (1988). The multidimensional scale of perceived
social support. Journal of Personality Assessment,
52, 30–41.
Zimet, G. D., Powell, S. S., Farley, G. K., Werkman,
S., & Berkoff, K. A. (1990). Psychometric characteristics of the multidimensional scale of perceived
social support. Journal of Personality Assessment,
55, 610–617.

