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spatial coordinates of the Anatomical Automatic Labeling (AAL) atlas
using the MarsBar SPM Toolbox. Peak voxel parameter estimates from
interactions were examined using post-hoc Bonferroni multiple com-
parisons performed in SPSS version 16.0.

We conducted a psychophysiological interaction (PPI) analysis
(Friston et al., 1997) to examine interactions between brain regions
in relation to the experimental paradigm. This approach can capture
the way in which activity in one brain region modulates activity in an-
other region by specifically assessing responses to the active task rel-
ative to an informative baseline. To undertake PPI analysis a design
matrix is established, which typically contains three columns of vari-
ables as follows: (1) a psychological variable that reflects the experi-
mental paradigm, (2) a time series variable representing the time
course of the source region; here, the source region was a 6-mm
sphere with a center defined by the peak coordinate of the foregoing
analysis, and (3) a variable that represents the interaction between
(1) and (2). The regression coefficient for the interaction term pro-
vides a measure of PPL In the present context, a significant effect for
PPI means that the correlation (or covariance) between the source
and the sink region during an emotional pain condition is significantly
different from that during another emotional condition. In this regard,
PPI analysis assesses differences in functional connectivity between
the regions of interest. To perform PPI analyses, the first eigenvariate
time series of the 6-mm sphere activated according to the previous
analyses was extracted. The effect of the interaction term was then
studied using the contrast [1 0 0], where the first column represents
the interaction term. The extracted individual images were then
taken to the second level to perform a random effects analysis, using
a one-sample t-test.

The statistical threshold for all the imaging analyses described
above was set at an uncorrected p value of 0.001 and at a minimum
cluster size of 20 voxels, based on previous pain related fMRI studies
(Ochsner et al., 2006; Yoshino et al,, 2010).

Finally, we examined the correlations between the brain regions
involved in modulating low pain levels within the context of sadness
and the sadness-specific low-pain rating scores of patients. We also
analyzed the correlations between the brain regions involved in mod-
ulating low pain levels within the context of sadness and BDI or STAI
scores for all participants, and examined whether sadness-induced
pain perception changes were correlated with individual differences
in depressed mood or anxiety state. A correlation analysis was
performed for the brain areas for which there was a significant inter-
action effect in the 3-way ANOVAs (the anterior/posterior insula and
the hippocampus) as regions of interest (ROIs).

3. Results
3.1. Participant characteristics

Detailed demographic and clinical characteristics of the participants
are presented in Tables 1 and 2. The clinical pain in the patient group
was located in the head (n = 4), mouth (n = 4), chest (n = 2), or
abdomen (n = 1). Patients felt more depressive and anxious prior to
the study than did controls and reported more impairment in their
daily activities. No significant differences in NART performance (intelli-
gence levels) between the groups were observed.

3.2. Behavioral results

Participants reported different pain intensities across the emo-
tional context conditions (Table 3). A 3-way ANOVA revealed a signif-
icant main effect of emotional context, F (1, 20) = 7.69, p < 0.05;
pain intensities in the sad emotional context condition were signifi-
cantly higher than in the neutral condition. No significant differences
in subjective pain perception between the groups were observed.

Table 1
Demographic and psychometric variables of patients and controls.
Patients Controls Tscore
(n=11) (n=11)
[Demographic variables]
Age 409 + 65 40.6 + 6.1 0.1
Female/male 6/5 6/5 0.0™
Pain duration (months) 91.0 &+ 85.7 - -
Rating of clinical pain (NRS) 76+ 1.7/10 - -

Psychiatric diagnosis
Pain disorder 11/11 - -
Current major depressive episode  0/11 - -

Major depression in history 5/11 - -
Generalized anxiety disorder 3/11 - -
Other psychiatric disorders 0/11 - -
[Psychometric variables]
BDI 159 £ 111 40+ 49 3.2
STAI )
State 553 113 378486 417
Trait 558 £ 119 414+ 107 30™
SF-36
Physical functioning 84.5 4 13.7 973 + 34 —3.0’:k
Role physical 455 £ 485  841+231 -24"
Bodily pain 395+280 927+134 —57
General health 3374239 7524149 —49™
Vitality 3824286  595+127 —237
Social functioning 636 +£213 943+ 117 —42""
Role emotional 54.5 + 454 818 +£346 —16™
Mental health 353 +201 5204103 -25"
NART 110.1 £ 6.7 1129 4+ 43 —-12"
SF-MPQ
Sensory 125 + 8.2 - -
Affective 33425 - -
PCS 3554 9.1 - -

ns = not significant.
NRS = numeric rating scale; BDI = Beck Depression Inventory; STAI = State-Trait
Anxiety Inventory; SF-36 = Short Form-36; NART = National Adult Reading Test;
SF-MPQ = Short Form of the McGill Pain Questionnaire; PCS = Pain Catastrophizing
Scale.

* Prwo-sided < 0.05 (two sample t-test).

** Pewo-sided < 0.01 (two sample t-test).

**% Piwo-sided < 0.001 (two sample t-test).

Regarding the ratio for pain intensity ratings between the sad and
neutral conditions, a 2-way ANOVA revealed a significant interaction
between group and pain, F (1, 20) = 4.96, p < 0.05. Bonferroni post-
hoc tests showed that the ratio for low pain levels between the sad

Table 2
Patients’ characteristics.

No Medical diagnosis Medications

1  Somatoform pain disorder ~ Tryptanol 75 mg, sulpiride 150 mg,
Generalized anxiety disorder loxoprofen 180 mg
Major depression in history
2 Somatoform pain disorder
Major depression in history
3 Somatoform pain disorder

Tryptanol 75 mg, clonazepam 1.5 mg

Mirtazapine 45 mg, pregabalin 75 mg,
loxoprofen 180 mg, eperison 100 mg

4 Somatoform pain disorder Nortriptyline 50 mg, clonazepam 0.5 mg,
tizanidine 3 mg

5  Somatoform pain disorder Tryptanol 75 mg

6  Somatoform pain disorder Duloxetine 40 mg, tizanidine 3 mg

7  Somatoform pain disorder Amoxapine 25 mg

8  Somatoform pain disorder Tryptanol 25 mg, trazodone 25 mg

Major depression in history  Loxoprofen 180 mg
9  Somatoform pain disorder Duloxetine 20 mg, quetiapine 25 mg,
Generalized anxiety disorder clonazepam 0.5 mg, sodium valproate 400 mg
10 Somatoform pain disorder Nortriptyline 150 mg, tizanidine 3 mg
Generalized anxiety disorder
Major depression in history
11 Somatoform pain disorder
Major depression in history

Tryptanol 50 mg, trazodone 50 mg,
carbamazepine 200 mg, clonazepam 1 mg,
eletriptan 20 mg :
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and neutral conditions in patients was higher than the ratio for moder-
ate pain levels in patients and for low pain levels in controls (p < 0.05).

3.3. fMRI data

3.3.1. Brain regions involved in pain perception (main effect of ‘pain’)
Significant changes in signal intensity were detected in a number of

brain regions related to pain perception (Table 4), including the ACC,

insula, thalamus, second somatosensory area (SII), and prefrontal cortex.

3.3.2. Differences in cerebral pain processing between groups
(interaction of ‘group’ x ‘pain’ x ‘emotion’)

To test differences in pain-related activation between patients and
controls during presentation of pain stimuli, we looked at brain acti-
vation as reflected in the interaction of ‘group’ x ‘pain’ x ‘emotion’
(Fig. 2A-C). There was significant activation in the anterior insula,
posterior insula, and hippocampus.

3.4. Post-hoc comparisons between groups

3.4.1. Anterior insula

Activation during the low pain sad and high pain neutral conditions
was significantly greater in patients than in controls (p < 0.05). Activa-
tion during the low pain in neutral condition was significantly greater in
controls than in patients (p < 0.05).

3.4.2. Posterior insula

Activation during the low pain sad condition was significantly
greater in patients than in controls (p < 0.01). Activation during the
low pain neutral condition was significantly greater in controls than
in patients (p < 0.01).

3.4.3. Hippocampus

Activation during the high pain neutral condition was significantly
greater in patients than in controls (p < 0.01). Activation during the
low pain neutral condition was significantly greater in controls than
in patients (p < 0.001).

3.5. Psychophysiological interaction (PPI) analysis

The above whole-brain ANOVAs revealed that blood oxygenation
level-dependent (BOLD) responses for the anterior/posterior insula
during the presentation of low-pain stimuli were larger for the sad
condition than for the neutral condition in patients. PPl analyses
were performed to assess possible functional connectivity differences
between patients and controls in the anterior insula [6-mm sphere

centered x = 28, y =22, z = —16], with other areas focusing
Table 3
Pain ratings by the differences of facial images.
Patients Controls
(Mean £ SD) (Mean * SD)
Sad
Moderate pain 42+08 4309
Low pain 1.1+£0.7 08+0.5 :
Neutral
Moderate pain 40:08 42+07
Low pain 06+0.3 07+03
Sad/neutral
Moderate pain 1.1+03 1.0+0.1
Low pain 19+06¢ 12+07

SD, standard deviation.

*Statistically significant difference between emotions (p < 0.05).

*Significant interaction between group and emotion (p < 0.05). Bonferroni's post hoc
tests showed that the ratio between sad and neutral on low pain in patients was
more highly rated than moderate pain in patients and low pain in controls (p < 0.05).

primarily on the low pain sad emotional context condition, given
that many studies suggest that the anterior insula is associated with
the affective dimension of pain (Craig, 2002; Gu et al,, 2013; Yuan
et al., 2013). Considering behavioral and fMRI data results, we exam-
ined brain region connectivity for the low pain sadness condition.

The PPI analysis for the sad-specific low pain component ((low
pain with sad facial images) — (low pain with neutral facial images))
revealed that anterior insula activity was accompanied by increased
functional interaction with the right parahippocampus [x = 24,
y = —10, z = —26; z-score 4.28, cluster extent 30] (Fig. 2D), to a
greater extent in patients than in controls.

3.6. Correlation analysis

Sadness-specific lower pain level rating scores were positively
correlated with sadness-specific activation during low-pain stimuli
in the anterior insula (r = 0.71, p = 0.019). This finding emerged
in the patient group. No regions showed negative correlations with
pain rating scores.

No ROIs showed positive or negative correlations between sadness-
specific activation during low-pain stimuli and BDI or STAI scores.

4. Discussion

In comparison to the matched controls, we demonstrated that the
ratio for low-pain intensity ratings between the sad and neutral con-
ditions in patients was higher than in controls. At the same time, the
patients also showed stronger anterior/posterior insula activation
induced by sadness-context low-pain stimuli. In patients, we found
more effective connections between the parahippocampus and ante-
rior insula during the presentation of low-pain stimuli in the sad con-
text. This is the first fMRI study that has compared somatoform pain
disorder patients with controls, in order to examine the relationship
between pain perception and sad emotional context.

4.1. Subjective pain intensities

We examined changes in perceived pain intensity as influenced by
sadness, using the same stimuli across sad and neutral conditions. Subjec-
tive pain intensities in the sad context were significantly greater than the
subjective pain intensities in the neutral context, for both patient and
control groups. The finding that sadness subjectively increased pain rep-
licates the findings of our previous studies (Yoshino et al., 2010, 2012).
However, we did not find significant differences in pain threshold be-
tween the groups. A behavioral study also reported this pain-amplifying
effect for sadness both in participants with and without chronic pain,
but there was no difference between the groups (van Middendorp et
al., 2010). No between group differences in terms of physical pain stimu-
lus intensity have been reported across many other fMRI studies (Baliki et
al., 2006; Giindel et al., 2008; Kirsch et al., 2005; Stoeter et al., 2007).

In the present study, there was a significant difference between
groups in the ratio between sad and neutral contexts for low-pain
stimuli. Previous studies have identified greater pain responses asso-
ciated with negative emotions in patients with chronic pain disorder
than among controls (Burns, 2006; Zautra et al.,, 2005). Furthermore,
it has also been reported that low-pain stimuli are experienced as
more aversive by these patients (Morris et al., 1995). Our results sug-
gest that patients with somatoform pain disorder may be more sus-
ceptible to the perception of low-pain stimuli in a sad emotional
context, as compared to a neutral context.

4.2. Insula
Insula activation has been observed during a majority of imaging

studies involving pain stimuli (Apkarian et al, 2005). Various studies
have demonstrated that negative emotional states enhance pain-
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Fig. 2. BOLD-signal differences between patients with somatoform pain disorder and controls. A-C; Group x pain x emotion interactions in the insula and the hippocampus are
shown (3-way-ANOVA; BDI, STAI-S, and STAI-T scores as covariates). In patients, stronger activations were found in the moderate pain neutral and low pain sad conditions. In con-
trols, stronger activation was found in the moderate pain sad condition. D; The graph shows the parameter estimate of the peak coordinate as the difference of connectivity strength
for low-pain stimuli in the sad condition. Anterior insula activity covaried more strongly with activity in the parahippocampus in patients.

related activity in the insula (Lutz et al, 2012; Terasawa et al,, 2013).
The present study found that activation of the anterior/posterior insula
during low-pain stimuli in a sad emotional context was stronger in
somatoform pain disorder patients than in controls. Previous studies
also reported stronger activation of the insula for pain stimuli in patients
with somatoform pain disorder as compared to controls (Giindel et al,,
2008; Stoeter et al., 2007). We suggest that a vulnerability to pain per-
ception modulated by emotional dysregulation, as well as pain percep-
tion itself, is one of the important pathophysiological factors underlying
somatoform pain disorder.

Peyron et al. (2000) found that insula activation is positively cor-
related with pain ratings. The present study also found that anterior
insula activation associated with sad-context low-pain stimuli is re-
lated to subjective ratings of such stimuli provided by patients. We
suggest that the anterior insula activations we observed reflected
the subjective pain ratings that we obtained.

These findings suggest the possibility that sadness is associated
with more increased sensitivity to pain perception in patients with
somatoform pain disorder as compared to controls, and that the
insula is involved in this process.
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4.3. Hippocampus and parahippocampus

Reports of pain-related responses in the hippocampus have been
contradictory, but various studies have reported that the hippocam-
pus is involved in the processing of pain stimuli (Apkarian et al,,
2005; Peyron et al.,, 2000). The hippocampus plays a critical role in
supporting the influence of context on memory encoding, storage, be-
havior, and the retrieval of pleasant or aversive stimuli (Rudy, 2009).
Some evidence suggests that hyperalgesia induced by negative emo-
tional states is associated with activation in the hippocampus
(Berna et al,, 2010; Ploghaus et al., 2001). Patients with somatoform
pain disorder show altered hippocampal activation in response to
pain stimuli, in comparison with controls (Giindel et al, 2008;
Stoeter et al., 2007). Studies also indicate that the hippocampus is
connected with pain-related brain regions such as the insula, and
that hippocampus activity can enhance pain perception (Kong et al,
2008; Ploghaus et al,, 2001). The present study found strong hippo-
campus activation in patients for low pain stimuli in a sad emotional
context. We speculate that a similar mechanism may also underlie
sadness-induced pain perception.

We conducted a PPI analysis to examine brain regions in relation to
the insula during sadness-specific low-pain perception. Anterior
insula activity was accompanied by increased functional interaction
involving the parahippocampus, to a greater extent in patients than
in controls. The parahippocampus plays a central role in recollection,
sending information from the hippocampus to the association areas
(Diederen et al., 2010). Previous studies have demonstrated effective
connectivity between the parahippocampus and anterior insula in
healthy controls (Ploner et al., 2011; Tanaka et al., 2008). It has been
reported that stronger intensity of pain stimuli in a negative emotional
context is associated with neural activity in the anterior insula, medi-
ated by the parahippocampus (Ploner et al, 2011). Patients with
somatoform pain disorder show an altered activation pattern in the
parahippocampus in response to pain stimuli, in comparison to con-
trols (Giindel et al., 2008; Stoeter et al., 2007). We therefore assume
that an increased functional connectivity between the anterior insula
and parahippocampus may be a distinctive feature of somatoform
pain disorder in a sad emotional context. The present behavioral re-
sults suggest that the subjective experience of pain appears to be exac-
erbated by negative emotional states for such patients. They may
perceive even relatively low pain levels as more intense during sad-
ness, with conditioning possibly playing a role in this process. How-
ever, this interpretation may be premature, and further study is
needed to elucidate the relationship between pathophysiology in
somatoform pain disorder and the parahippocampus.

We also hypothesized that ACC activation would differ across pa-
tients with somatoform pain disorder and healthy controls. Although
there was a main effect of pain level on ACC activity, there were no
group differences, consistent with previous studies (Giindel et al,
2008; Stoeter et al., 2007). Giindel et al. (2008) described a negative
correlation between intensity of patients’ clinical pain and the experi-
mental pain stimuli in terms of ACC activation, and they have explained
this limited activation of the ACC in response to experimental pain in
terms of increased neuronal baseline activity due to the experience of
chronic pain. There is a clear need for continued research to elucidate
the role of the ACC in somatoform pain disorder.

The present study has several limitations. First, the small sample size
limits the robustness of our findings. Second, the display duration for
the facial images (4 s) was longer than that used in previous studies
(Doallo et al., 2012; Whalen et al., 2013). We must therefore consider
the possibility that any context-induced emotional effects might have
been attenuated via habituation. Third, a higher level of anxiety and de-
pression in patients may influence the fMRI data. Previous studies have
shown that somatoform patients have significantly higher depression
or anxiety scores (Glindel et al, 2008; Stoeter et al,, 2007). We analyzed
a 3-way ANOVA using BDI, STAI-S, and STAI-T scores as covariates, and

Table 4
Main effect of pain.
Brain regions L/R X/y/z z-score Cluster extent
ACC (BA 32) R 8/34/24 332 43
ACC (BA 24) R 6/20/30 375 124
ACC (BA 24) L —8/6/32 417 152
Insula R 42/0/—4 340 24
Insula L —40/—-8/—6 422 50
Thalamus R 6/—4/12 4.07 227
Thalamus L —8/—4/14 521 259
Superior frontal gyrus
(BA9) L —18/54/26 3.96 65
Middie frontal gyrus
(BA8) L —34/24/48 458 118
Inferior frontal gyrus
(BA45) L —56/8/8 5.63 392
Caudate L —16/14/8 3.69 21
S1 (BA2) L —66/—24/34 4.12 78
S2 (BA40) R 60/—24/20 5.82 468
S2 (BA40) L —60/—24/20 4,94 347
SMA (BA6) L —2/12/58 572 435
M1 (BA4) R 50/2/44 3.99 114
M1 (BA4) L —38/—8/62 423 65
Middle temporal gyrus L —56/—-62/6 3.99 58
Superior temporal gyrus L —56/4/10 5.63 81

Brain regions stated in MNI coordinates with activation maxima of experimentally induced
p. thresholded at uncorrected p < 0.001. Minimum activation cluster size is 20 voxel.
ACC, anterior cingulate cortex; S1, primary somatosensory cortex; S2, secondary
somatosensory cortex; SMA, supplementary motor area; M1, primary motor cortex.

adjusted the fMRI data accordingly. Furthermore, no brain regions
showed correlations between sadness-specific activation for low-pain
stimuli and BDI or STAI scores across the participants. These results
mean that the effects of depression and anxiety were probably limited
in the present study, but nevertheless we cannot rule out such effects.
Fourth, an uncertainty may remain in our experimental paradigm re-
garding the extent to which we adequately distinguished between
pain and emotion. It has been reported that pain itself is a specific emo-
tion (Craig, 2003), and pain and emotion show much overlap in terms of
psychological and brain functional aspects although they are not neces-
sary the same. Finally, our exclusion criteria did not include all treat-
ments that might influence the patients’ pain perception, such as
antidepressants, although it included opioids, and a 24 h analgesic-
free observation period prior to the fMRI was not generally fully effec-
tive, It has been reported that antidepressants have an analgesic effect
in somatoform pain disorder (Luo et al., 2009) and such drugs produce
clear changes in brain activity (Wiech and Tracey, 2009). We therefore
cannot rule out all treatment effects on the brain activity that we ob-
served in this study. However, it is not clear whether antidepressants
influence antinociceptive effects in acute pain (Schreiber et al,, 2009).
Furthermore, any analgesic effects may be related to specific antide-
pressant effects (Luo et al,, 2009). We believe that such treatment ef-
fects probably play a minor role in our findings, given that we
adjusted our fMRI data to control for the presence of depressive states
as described above.

In summary, our results provide evidence that patients with
somatoform pain disorder tend to show slightly higher pain sensitivities
to low pain stimuli in contexts of sadness. The insula, hippocampus, and
parahippocampus show altered activity under such conditions. These
results provide some insight into sadness-induced distinctive changes
in neural pain-related activity within the context of somatoform pain
disorder, with interactions between brain activity and emotional con-
text potentially playing an important role in the pathophysiology of
this disorder.
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Abstract

Background: The judgment of the approachability of others
based on their facial appearance often precedes social inter-
action. Whether we ultimately approach or avoid others may
depend on such judgments. Method: We used functional
magnetic resonance imaging to determine the neural basis
for such approachability judgments and the relationship be-
tweenthesejudgmentsand traitanxiety. Participants viewed
ambiguous (i.e. neutral) or relatively unambiguous (i.e. an-
gry, happy) faces, assessing either the approachability or the
sex of the person depicted. Results: Neutral faces elicited
more inconsistent responses within participants only during
approachability judgment, suggesting ambiguous property
as signals. The contrast pertaining to the interaction be-
tween task and face valence demonstrated activation in sev-
eral areas, such that the left amygdala and medial, middle
and inferior frontal gyri were responsive to angry faces when
subjects were asked to recognize the sex (implicit task) and
to neutral faces when required to discern the approachabil-
ity (explicit task). Moreover, the blood oxygenation level-de-

pendent change within the left amygdala in response to
neutral faces during the judgment of approachability was
positively correlated with participant trait anxiety. Conclu-
sions: These findings extend a proposed model of social
cognition by highlighting the functional engagement of the
amygdala in approachability judgments, which underlie an
individual’s sensitivity to ambiguous sources of probable
threat. © 2013 S. Karger AG, Basel

Introduction

The faces of others provide a rich source of information
about the individuals in question, including identity,
emotionality, gender, age, trustworthiness and approach-
ability [1-3]. We use this complex information both auto-
matically and intentionally in our daily social lives. It
seems likely that many people often judge the approach-
ability of another individual based on his/her facial ex-
pression before communication is initiated. However, the
neural processes underlying such judgment remain poor-
ly understood, as do the relationships between the neural
substrate and various psychological variables. Previous
studies have investigated the neural basis of approachabil-
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ity judgments from the perspective of trustworthiness [1,
4, 5]. Evolutionally speaking, approachability judgments
of faces involve primitive aspects of social functioning re-
lated to defensive responses for predators or conspecifics
in mammals [1, 6]. The main purpose of our study was to
investigate the neural basis underlying the relationship
between approachability judgment and an individual’s
threat sensitivity. Following the classic theory of anxiety,
we define threat sensitivity as the tendency to recognize
either an ambiguous or a potential threat; in humans, this
tendency is considered to be related to anxiety [7, 8].
Todorov and Engell [9] reported that a differential
amygdala response to trustworthiness represents a re-
sponse to differences in valence rather than trustworthi-
ness per se. In addition, it has been observed that exag-
gerating the facial features that make a neutral face trust-
worthy produces expressions of happiness, whereas
exaggerating the facial features that make a face look un-
trustworthy produces expressions of anger [10]. Several
studies have demonstrated that negatively valenced faces
such as angry ones are rated as less approachable and
trustworthy [4, 10-13]. Moreover, one study has shown
that angry faces trigger automatic avoidance responses
[14]. Recently, Blasi et al. [15] reported the preferential
amygdala reactivity to the avoidant judgment of neutral
faces, suggesting the existence of neural activity for judg-
ing approachability beyond that for merely perceiving
facial expression. Based on the importance of angry and
happy faces as a stimulus of two poles, and the close rela-
tionship between facial expression and the judgment of
approachability, angry, happy and neutral faces have
been used as stimuli, in order to clarify the neural mecha-
nisms underlying the approach-avoidance response.
The evaluation of potential threat appears to be central
to the process of making an unapproachability decision
[16, 17]. Recognition of facial expressions and assessing
the level of potential threat based on facial recognition
appear to constitute important aspects of an approach-
ability judgment. Although the relationship between
amygdala response to fearful faces and anxiety level has
been investigated in healthy participants [18-22], no
study has focused on the potential relationship between
the participant’s neural response during approachability
judgments and his or her threat sensitivity. Interestingly,
in previous studies, a significant relationship between
neural response to fearful faces and anxiety scores
emerged during a psychological task that did not require
attention to or conscious awareness of the faces [18-22].
Following the approach used in previous studies [22-
29], we used Spielberger’s State-Trait Anxiety Inventory

Brain Responses during Approachability
Rating

Trait (STAI-T) form [30]. The STAI is one of the most
widely used measures of anxious emotional and cognitive
reactions. STAI-T originally aimed to evaluate trait anxi-
ety (TA), that is, the disposition to respond with anxiety
to situations perceived as threatening. We used it to help
us explore the relationship between the neural response
during approachability judgments and the individual’s
threat sensitivity.

Processing of facial emotion can be implicit, occurring
when participants make judgments about facial attributes
thatare unrelated to emotion [31, 32]. To establish wheth-
er approachability judgments might be similarly pro-
cessed, we used a task in which participants viewed faces
while making either an explicit judgment about whether
an individual was approachable or a sex discrimination
judgment. Thirty healthy adults completed an event-re-
lated functional magnetic resonance imaging (fMRI)
study during which they were required to make approach-
ability judgments (i.e. approach or avoid) about ambigu-
ous (i.e. neutral) or relatively unambiguous (i.e. angry or
happy) facial expressions. We expected that the relatively
difficult task of making such judgments about neutral fac-
es would help to elucidate the neural substrate of such
judgments via a comparison with angry faces. In a differ-
ent session, participants were required to make sex dis-
crimination judgments of the same stimuli. Many studies
have supported the hypothesis that the amygdala and
frontal cortex mutually influence and regulate the process
of making approachability judgments [12, 15, 33, 34]. We
hypothesized that perceptual evaluation of neutral face
stimuli might require more attention and cognitive effort
to render a decision, triggering greater responses within
the amygdala and frontal cortex. Given the large body of
evidence supporting the role of the amygdala in the pro-
cessing of emotional stimuli, we predicted that the amyg-
dala activity would be proportional to the participant’s
potential-threat sensitivity.

Method and Materials

Participants

Thirty right-handed healthy volunteers with normal vision (15
women and 15 men; 20-28 years of age, mean age + SD, 23.4 + 2.4
years) screened for psychiatric, neurological or major medical ill-
ness were included in this study. None of the participants had a
history of exposure to psychotropic medications, and all were free
of psychoactive medications at the time of scanning. All partici-
pants provided their written, informed consent to participate, ac-
cording to the guidelines of the institutional review board and the
ethics committee of Hiroshima University Hospital, Japan. The
sex/approachability judgment task was explained to the partici-
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Fig. 1. Schematic of facial stimuli and task

paradigm during fMRI.

pants, all of who were naive to the facial stimuli used. Participants
received course credit for their participation.

Stimuli and Task

The event-related fMRI paradigm consisted of two runs
(fig. 1); each run presented people with angry, happy and neutral
facial expressions derived from the standardized ATR facial ex-
pression image database [35]. A stimulus here is defined as the
presentation of a face for 100 ms. The faces did not feature hair or
jewelry cues, and were oriented to maximize interstimulus align-
ment of eyes and mouth. For each of the 30 subjects, exactly the
same set of faces in exactly the same order was presented. Thirty-
six stimuli were used in total: 12 angry, 12 happy and 12 neutral
faces. The faces with the same identities and expressions were pre-
sented three times in one run. Stimulus order was random across
the session.

Each interstimulus interval (ISI) was randomly set to between
6 and 9 s. With each stimulus being presented for 100 ms, the total
run time was 13 min, on average. A black screen was presented
during the ISI. All stimuli were presented using a back-projection
system.

158 Neuropsychobiology 2013;68:156-167
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During one of the two runs, participants were instructed to de-
cide whether they would ‘approach’ or ‘avoid’ the actor in the pic-
ture (approachability judgment task). In the other run, subjects
were asked to identify the sex of each actor (sex discrimination
task). Presentation order of the two runs was counterbalanced
across participants. A fiber optic response box was used to record
participant judgments [and reaction times (RTs)] for each stimu-
lus: left button for approach/male response and right button for
avoid/female response. After scanning, participants undertook
a self-paced task in which they rated all the faces on a scale of
approachability from 1 (high approachability) to 9 (high unap-
proachability).

Questionnaires

Volunteers had completed the Spielberger STAI-T [30] before
the fMRI session. In our study, the TAs ranged from 29 to 63 (mean
+ SD: 46.60 + 10.06).

Image Acquisition
fMRI scans were performed with a MAGNEX ECLIPSE 1.5 T
Power Drive 250 (Shimadzu, Japan). A time-course series of 360
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volumes was acquired with T,-weighted, gradient echo, echo pla-
nar imaging sequences. Each volume consisted of 28 slices, and the
thickness of each slice was 4.0 mm with no gap, encompassing the
entire brain. The interval between two successive acquisitions of
the same image (repetition time, TR) was 3,000 ms, the echo time
(TE) was 55 ms and the flip angle was 90°. The field of view was
256 mm and the matrix size was 64 x 64, giving voxel dimensions
of 4.0 x 4.0 x 4.0 mm. After functional MRI scanning, structural
scans were acquired using a T;-weighted gradient echo pulse se-
quence (TR = 12 ms, TE = 4.5 ms, flip angle = 20°, field of view =
256 mm and voxel dimensions 1.0 x 1.0 X 1.0 mm), which facili-
tated localization and coregistration of the functional data.

Behavioral Analysis

Accuracy of sex discrimination judgments, rates of avoidance
choice RTs and mean approachability scores were analyzed using
one- and two-way repeated-measures analyses of variance (ANO-
VAs) along with the Tukey test for post hoc comparisons, using
SPSS software. A probability level of p < 0.05 was considered sta-
tistically significant. All data presented in the text are expressed as
(means * SD). In addition, difference scores for sex discrimina-
tion, avoidance scores, RT's and mean approachability were calcu-
lated by subtracting averaged performance scores for happy trials
for each participant from their corresponding angry and neutral
averages. Because neutral faces tend to be recognized as threaten-
ing or ambiguous, activating neural responses within the amyg-
dala [36-38], and happy faces are typically judged to be more ap-
proachable compared to all other emotions [13, 37, 39], we used
happy faces as the baseline condition.

Item-Based Analysis

In order to elucidate the effects of facial expression on consis-
tent response, we conducted an item-based analysis of the relation-
ship between the facial expression and the response rate for con-
sistent discrimination of sex and judgments of approachability
over all 3 trials. For each facial stimulus, we calculated the mean
rate of consistent approachability and gender decision among the
thirty participants. These rates were analyzed using one-way re-
peated-measures ANOVA. A probability level of p < 0.05 was con-
sidered statistically significant. All data presented in the text are
expressed as mean + SD.

fMRI Analysis

Datasets from all 30 participants met our criteria for high qual-
ity and scan stability with minimum motion correction (<2 mm or
2 degrees displacement in any of the six motion parameters) and
were subsequently included in the fMRI analyses. Residual move-
ment was modeled as a regressor of no interest. Functional brain
analysis depicting the cognitive subtraction between the presenta-
tions of angry or neutral expressions and happy expressions was
performed using Statistical Parametric Mapping 5 (SPM5) soft-
ware, according to standard procedures [40, 41]. After excluding
the first three ‘dummy’ volumes, the remaining 357 volumes were
used for the statistical analysis. Images were corrected for motion
and realigned with the first scan of the session, which served as the
reference. The T; anatomical images were coregistered to the first
functional image for each participant and aligned to a standard ste-
reotaxic space, using the Montreal Neurological Institute (MNI) Ty
template in SPM5. A calculated nonlinear transformation was ap-
plied to all functional images for spatial normalization. Finally, the

Brain Responses during Approachability
Rating

functional MRIs were smoothed with an 8-mm full-width, half-
maximum Gaussian filter. The fMRI response was temporally fil-
tered using a high-pass filter of 128 Hz to minimize scanner drift.
The result from the filtering was modeled using a canonical hemo-
dynamic response function with its temporal and dispersion de-
rivatives. Using both derijvatives in addition to the canonical HRF
allowed us to characterize HRFs with late-onset or longer duration.

Data were analyzed using a general linear model for each voxel
in a two-stage random effects procedure. First, regions of activa-
tion common to all unapproachable conditions were determined
using a whole-brain conjunction analysis [42] of the angry minus
happy (AH) faces and neutral minus happy (NH) faces during sex
discrimination as well as the AH and NH faces during approach-
ability judgments. We used happy faces as the baseline as was done
for the behavioral analysis. Second, a whole-brain ANOVA with
task and emotion as within-subject factors was performed to iden-
tify differential activity between brain regions. We focused on the
bilateral amygdala as a test of our hypothesis. We report predicted
regions within amygdala surviving a threshold of p < 0.005 uncor-
rected with an extent threshold of 5 contiguous voxels. Consistent
with the previous studies [43-46], because the activation of the
amygdala has been relatively difficult to detect [47, 48], we use the
less conservative threshold. In addition, we descriptively report
activations outside of the amygdala regions of interest (ROIs) that
survived a threshold of p < 0.001 uncorrected with an extent
threshold of 30 contiguous voxels [49]. Moreover, small volume
corrections were applied to the amygdala using an Anatomical Au-
tomatic Labeling Atlas-based mask [50]. The amygdala mask was
created by the WFU PickAtlas [51]. Entire volume corrections
were also applied to the significantly activated regions outside of
the amygdala ROIs. We described significant results of them com-
plementarily. Activations are reported in standard MNI space. An
identification of resulting brain structures was ascertained by us-
ing Talairach Daemon client (http://www.talairach.org). The par-
ticipant-specific parameter estimates at these locations were ex-
tracted for each face contrast from the significant clusters of peak
activation, using the eigenvariate function in SPM5 and further
examined by two-way repeated-measures ANOVA analyses, using
the SPSS software package.

Correlation Analyses

To examine a possible correlation between the amygdala activ-
ity during the rating of approachability and the participant’s poten-
tial-threat sensitivity, a Pearson’s correlation analysis was conduct-
ed between the TA and the signal change within the amygdala. To
provide data that might generate further hypotheses, we also con-
ducted correlation analyses using the TA, sex discrimination differ-
ence, avoidance score differences, RT differences, mean approach-
ability differences and the signal change within the amygdala and
that within other activated areas. These fMRI signals were extract-
ed from the significant clusters of the SPM ANOVA analysis. The
significance level for the correlations was set at p < 0.05.

Results

Behavioral Data
A one-way repeated-measures ANOVA was per-
formed on the accuracy scores for sex discrimination of
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Fig. 2. Plots showing the number of faces associated with avoidance judgments (as percentage of total) dur-
ing the approachability judgment task (a) and RT during the approachability judgment and sex discrimination

tasks (b). See text for statistics.

faces. There was no significant main effect of face type,
F(2, 58) = 0.8, p = 0.423. Accuracy scores (£SD) for each
face type were 89.8 + 11.7% for angry faces, 90.2 = 9.8%
for happy faces and 91.3 + 10.3% for neutral faces.

There was an effect of emotional expression on the
number of faces that participants judged they would
avoid, F (2, 58) = 152.0, p < 0.001. Post hoc analysis
showed that participants judged that they would avoid a
significantly lower number of happy faces when com-
pared to neutral and angry faces (both p < 0.001). The
number of angry faces that participants judged they
would avoid was greater than the number of neutral faces
associated with a similar judgment (p = 0.001; fig. 2). The
number of faces associated with avoidance judgments (as
a percentage of the total) during the approachability judg-
ment task was 88.6 + 19.0% for angry faces, 11.5 + 20.6%
for happy faces and 72.8 + 27.2% for neutral faces.

A 2 (task) x 3 (face type) repeated-measures ANOVA
was performed on the RT's for face judgments. There were
main effects of task and face type, and the task by face type
interaction was also significant (all p < 0.001). Post hoc
analysis indicated greater RTs during approachability
judgments than during sex discrimination, for all face
types (all p < 0.01). Furthermore, while RTs were greater
for angry compared to neutral and happy faces during sex
discrimination (all p < 0.04), RT's were greater for neutral
as compared to happy and angry faces during approach-
ability judgments (all p < 0.001; fig. 2).

160 Neuropsychobiology 2013;68:156-167
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A one-way repeated-measures ANOVA was per-
formed on the approachability scores. There was a sig-
nificant main effect of face type, F(2, 58) = 330.4, p <
0.001. Mean approachability scores (+ SD) for each face
type were 7.922 + 0.822 for angry faces, 2.272 + 0.755 for
happy faces and 5.330 £ 0.787 for neutral faces.

Item-Based Analysis

A one-way repeated-measures ANOVA was per-
formed on the rates of consistent response for sex dis-
crimination of faces. There was no significant main effect
of face type, F(2,22) = 0.1, p = 0.916. Consistent response
rates (+SD) for each face type were 83.6 + 10.6% for angry
faces, 82.5 + 15.4% for happy faces and 83.3 + 13.9% for
neutral faces.

There was a significant main effect of face type on the
rates of consistent response for approachability judgment
for faces, F (2, 22) = 15.4, p < 0.001. Consistent response
rates (SD) for each face type were 86.4 + 5.0% for angry
faces, 81.9 + 5.6% for happy faces and 68.9 + 11.0% for
neutral faces. Neutral faces elicited less consistent re-
sponses within participants, suggesting the apparent ef-
fects of ambiguity on the decision.

Brain Activation

ANOVA Analyses

Linear contrasts were performed to produce SPMs of
the main effect of task (sex or approachability judg-

Toki et al.

— 180 —

133 41 a7 - 211212014 11:21:47 AM

Hiroshima Daigaku

Downlfoaded by:



Fig. 3. a Regions showing the interaction
effect of task and face on the activation
magnitude within the left amygdala. b Re-
gions showing the interaction effect on the
activation magnitude within the left medial
frontal gyrus. ¢ Regions showing the inter-
action effect on the activation magnitude
within the left inferior frontal gyrus. Mean
participant-specific parameter estimates
for activity in a significant cluster including
the peak coordinate. AH = Angry versus
happy condition; approach = approach-
ability judgment; NH = neutral versus hap-

0.5
0.4
0.3
0.2 +
0.1

Color version available online

-01 4
~-0.2
-0.3 +
-0.4
-0.5

Parameter estimate
o

AH NH
approach

AH NH
sex
1.2

1.0+
0.8
0.6

0.4

S

0.2

Parameter estimate

L

-0.2

-0.4

AH NH
sex

AH NH
approach

2.0
15+
1.0 +

0.5

—H

Parameter estimate

-0.5

~-1.0 +

AH NH
sex

AH NH
approach

py condition; sex = sex discrimination.

ment), the main effect of face type (AH or NH) and the
interaction between these two factors. An ANOVA
analysis revealed that the contrast pertaining to the in-
teraction of task and face type demonstrated several ar-
eas of activation within the left amygdala (fig. 3a; ta-
ble 1), the medial (fig. 3b; table 1) and inferior, middle

Brain Responses during Approachability
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frontal gyri (fig. 3¢; table 1) and the thalamus (table 1).
The interaction on amygdala activation survived FWE
correction for the AAL-based amygdala mask (voxels =
1, p < 0.05). In addition, the interaction on medial fron-
tal gyrus activation survived FWE correction for the en-
tire brain (voxels = 4, p < 0.05). The significant main
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Fig. 4. a Regions showing the main effect of
task on the activation magnitude within
the left precentral and inferior frontal gyri.
b Regions showing the main effect of face
on the activation magnitude within the
right fusiform gyrus. ¢ Regions showing the
main effect of face on the activation magni-
tude within the right inferior frontal gyrus.
Mean participant-specific parameter esti-
mates for activity in a significant cluster in-
cluding the peak coordinate. AH = Angry
versus happy condition; approach = ap-
proachability judgment; NH = neutral ver-
sus happy condition; sex = sex discrimina-
tion.
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effect of task was present in the left prefrontal and infe-
rior frontal gyri (fig. 4a; table 1). The significant main
effect of face type was present both in the right fusiform
and inferior temporal gyri (fig. 4b; table 1) and in the
right medial frontal and superior frontal gyri (fig. 4c;
table 1). While angry faces elicited greater fusiform gy-
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rus activity, neutral faces elicited greater medial frontal
gyrus activity.

The SPSS ANOVA analysis about neural activation
within the left amygdala, the medial and inferior, middle
frontal gyri and thalamus confirmed significant task by
face type interactions (all p < 0.002). The ANOVA about
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Table 1. ANOVA analysis of canonical HRF during judgements of
sex and approachability

Brain - Side Vox- x* v Z Effect

region els : score -

Task by face type interaction

AMG* L 5 -26 -8 -18 2.88 sex: AH>NH
MeFG L 149 -2 40 42 4.92 approach: NH>AH
IFG L 482 -44 18 -4 455

IEG L -36 22 -6 4.29

MiFG L -44 36 -4 3.52

MeFG L 100 0 18 50 4.00

MeFG L -4 26 52 3.59

Thalamus R 33 4 -14 0 396

IFG R 44 48 24 16 3.70

IFG L 33 -50 20 24 350

IEG L 31 -48 32 16 347

Main effect of task

PG L 89 -48 18 10 4.14 approach>sex
IFG L -48 22 -4 328

Main effect of face type

FG R 129 46 -60 -18 4.11 AH>NH
ITG R 56 -56 -8 3.55

ITG R 52 -64 -6 345

MeFG R 47 16 34 34 400 NH>AH
SFG R 16 42 36 341

All values p < 0.001. * p < 0.005 uncorrected.

AMG = amygdala; approach = approachability judgment;
FG = fusiform gyrus; IFG = inferior frontal gyrus; ITG = inferior
temporal gyrus; L = left; MeFG = medial frontal gyrus; MiFG =
middle frontal gyrus; PG = precentral gyrus; R = right; sex = sex
discrimination; SFG = superior frontal gyrus.

# MNI coordinates referring the center of gravity of the cluster.

neural activation within the left precentral and inferior
frontal gyri confirmed a significant main effect of task (all
p <0.001). In addition, the ANOVA about neural activa-
tion within the right fusiform and right medial frontal
gyri confirmed a significant main effect of face (all p <
0.001).

Relationships between Psychological/Behavioral Data

and Activation within the Amygdala and Other Areas

Under approachability judgment, during the presen-
tations of neutral versus happy faces, TA was positively
correlated with activation in the left amygdala (r = 0.376,
p = 0.041; fig. 5a). When the one outlier was removed,
more robust significance was found in the correlation be-
tween TA and amygdala activity (r = 0.437, p = 0.018).
During the presentations of angry versus happy faces, RT

Brain Responses during Approachability
Rating

difference was positively correlated with activation in the
left medial [(-2, 40, 42), r = 0.508, p = 0.004] (fig. 5b) and
inferior frontal gyri [(-44, 18, -4), r = 0.384, p = 0.036].

Under sex discrimination, during the presentations of
angry versus happy faces, mean approachability differ-
ence was negatively correlated with activation in the left
medial frontal gyrus [(-2, 40, 42), r = -0.481, p = 0.007;
fig. 5¢]. Moreover, the accuracy score difference was neg-
atively correlated with activation in the right fusiform gy-
rus (r = -0.381, p = 0.038; fig. 5d). For the presentations
of neutral versus happy faces, there were no significant
correlations among these variables.

Discussion

We investigated the neural substrates underlying im-
plicit and explicit evaluation of approachability of faces,
using faces with several different expressions. We also in-
tended to establish whether there was a significant rela-
tionship between brain region activation, task perfor-
mance and participant threat sensitivity. Ours appears to
be the first study to reveal specific involvement of the
amygdala in explicit approachability judgments of am-
biguous stimuli and the relationship between such judg-
ments and TA.

Participants took longer to respond during sex dis-
crimination of angry faces, as well as during approach-
ability judgments of neutral faces. In addition, neutral
faces elicited more inconsistent responses from partici-
pants only during approachability judgment. These be-
havioral data suggest increased processing of angry faces
due to the distracting effects of such affect on sex discrim-
ination, and increased processing of neutral faces associ-
ated with greater ambiguity during approachability judg-
ments. Consistent with the behavioral results, the neuro-
biological analysis showed that the left amygdala, the
medial, inferior and middle frontal gyri and the thalamus
were activated by angry faces during sex discrimination,
with the same structures being activated by neutral faces
during approachability judgments. Because activity in
these structures has been consistently related to emotion-
al face processing [52, 53], neural activation within this
circuit may contribute to the decoding and integration of
facial information, with such information being subse-
quently used in various judgments such as approachabil-
ity.

Interestingly, we found the interaction between task
and face valence within these structures including the
amygdala was a stronger response to angry in the im-
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plicit condition, but stronger to neutral in the explicit
condition. The difficulty of neutral stimuli in attributing
emotional significance to a facial expression may in turn
lead to heightened vigilance, as well as to increased amyg-
dala activity [15, 54, 55]. Our results were consistent with
previous studies, indicating that the greater ambiguity of
facial threat stimuli elicited greater amygdala activity [15,
56, 57]. Overall, we concluded that the neural response
to neutral faces during approachability judgments was
greater than the responses to the other face types. When
judging approachability of faces, the left amygdala might
take the critical role of preparing for, orienting around
and evaluating the target faces. We also found an in-
creased activation of the left precentral and inferior fron-

164 Neuropsychobiology 2013;68:156-167
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tal gyri during approachability judgment compared with
that during sex discrimination. Consistent with the pre-
vious study [58], this finding suggests a critical role for
these structures in approachability rating that is inde-
pendent of face type. These neural areas are associated
with sensation integration and behavior planning [59,
60], and may play an important role in precipitating ap-
proachability decisions. Moreover, we found the main
effect of face type in neural activation within the right
fusiform gyrus and medial frontal gyrus. Independent of
task condition, while the former responded to angry fac-
es, the latter responded to neutral faces, suggesting the
existence of expression-specific activation within both
areas.
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In addtion, TA was positively correlated with left
amygdalaresponse to neutral faces during approachabil-
ity judgment, suggesting that participants who had re-
ported higher TA tended to have higher amygdala reac-
tivity. Ourresult supports the notion that the left amyg-
dala is mure responsive to explicit evaluative processing
[61-64]. That is to say, it is possible that the heightened
left amygdala activity observed during approachability
judgmentmay be due to a greater sensitivity or evaluative
ability assiciated with explicit processing of socially am-
biguous stimuli in high TA subjects. By presenting facial
stimuli for200 ms in a block design, Somerville et al. [37]
observed 1 positive relationship between state anxiety
and neuralresponse within the bilateral amygdala to neu-
tral faces during passive viewing. Our stimulus paradigm
and task instructions might elicit more evaluative and an-
alytical processing, leading to the observed left lateralized
activation, compared with previous work. We found a
significant relationship between TA and ventral amyg-
dala activity, not for angry but for neutral faces, despite
the threatening meaning of the former stimuli; this sug-
gests the possibility that the psychological construct of
TA includes not only sensitivity but also a predictive pro-
cess for potential threat. This result is also consistent with
earlier wark that reported that the ventral amygdala is
heavily involved in coding signals of ambiguity and re-
sponds more to an ambiguous or probable threat [22, 54].
Many studies found that individual levels of anxiety only
influenceamygdala activities to ambiguous or subthresh-
old threat information, but not to apparent or supra-
threshold threat information [18-22]. These results par-
allel our findings that TA influences ventral amygdala ac-
tivity in response to ambiguous, neutral stimuli. In the
Introduction, according to the traditional theory of anxi-
ety, we defined threat sensitivity as the tendency to rec-
ognize either an ambiguous or a potential threat; in hu-
mans, thistendency is considered to be related to anxiety
[7, 8]. Ourfindings about amygdala reactivity support, at
least in part, the possible link between the classic theory
of anxiety and the neural functioning within the amyg-
dala during the rating of approachability.

Beyond the relationships between amygdala activity
and other variables, we found several significant correla-
tions. During the sex discrimination task, there was a sig-
nificant negative correlation between mean approach-
ability differences between angry and happy faces and ac-
tivationn of the left medial frontal gyrus. Recently, it was
proposed that the medial frontal cortex contains cortical
relay nodes that afford the attribution of self-relevant, im-
plicit meaning that subserves egocentric ‘value’ judg-

Brain Responses during Approachability
Rating

ments, which are critical for self-control [65]. Avoidant
behavioral tendencies might serve to weaken the self-rel-
evant meaning attribution function. Moreover, the accu-
racy of gender discrimination in angry faces was nega-
tively correlated with the right fusiform gyrus activation.
Considering about the expression-specific activation re-
vealed by ANOV A analysis, it is understandable that par-
ticipants with higher activation of the fusiform gyrus
might be more distracted by the angry expressions, result-
ing in lower scores in sex discrimination. During ap-
proachability judgment, there was a significant positive
correlation between RT differences and activation of the
left medial and inferior frontal gyri in response to angry
faces. These enhanced activations might afford self-con-
trol and risk-aversion, resulting in delayed responses in
assessing approachability.

Our study displays several limitations. First, it is note-
worthy that TA scores were relatively high among our
subjects, compared with the normative American adults
in the test manual [66]. This finding has consistently
emerged in Japanese samples, possibly due to the Japa-
nese tendency toward suppressing expression of positive
feelings [67, 68]. It is thus possible that TA could show a
different relationship with amygdala response in Euro-
pean or North American participants. Such studies would
provide important data for predictions concerning appli-
cation of the present paradigm to the study of cultural
differences in anxiety. Second, because we used no imag-
ing method for magnetic field inhomogeneity within the
medial temporal lobe, such as selection of voxel size and
slice orientation [69], we cannot rule out the possibility
that our results were influenced by susceptibility effects
within the amygdala. Third, we investigated brain re-
sponse by the slow presentation of stimuli with an ISI of
6-9 s. According to the previous technical report [70], we
would maybe find stronger effects by using a more rapid
presentation of stimuli; further studies using such a meth-
od could provide support for our results. Fourth, we used
happy faces as a baseline. We did so because neutral faces
tended to be recognized as ‘threatening’ or ‘ambiguous’.
Taking previous studies and our results together, we con-
clude that the amygdala response to neutral faces reflects
the individual level of reactivity to an ambiguous threat.
However, based on the current data only, the neurophys-
iological meaning of the different neural activation when
a happy face is presented to the subject versus a neutral
face remains unclear. We need to verify our results by us-
ing other stimuli (i.e. scrambled faces or fixation cross) as
a baseline. Fifth, without correction for multiple compar-
isons, some of our data could reflect spurious activation
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and correlation among variables. Thus, caution should be
used while interpreting our findings until the results have
been replicated.

In conclusion, our findings extend a proposed model
of social cognition by highlighting the functional engage-
ment of the amygdala in the explicit judgment of ap-
proachability, which is thought to reflect an individual’s
ambiguous threat sensitivity. Neural responses during
approachability judgments varied with task instructions
and facial stimuli, reflecting complex human responses to
the social environment. Because fMRI does not differen-
tiate between function-specific processing and neuro-

modulation, between bottom-up and top-down signals,
and occasionally between excitation and inhibition [71],
to support our conclusions we should conduct a multi-
modal study that includes electrophysiological measure-
ments of brain activity.
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Abstract

The purpose of this study was to compare the efficacy of individual and group cognitive behavioral
therapy for insomnia (CBT-) in outpatients with primary insomnia diagnosed by DSM-IV-TR. The
participants were 20 individually treated (I-CBT-) and 25 treated in a group therapy format (three to
five patients per group) (G-CBT-1), which showed no significant difference regarding demographic
variables between groups. The same components of CBT-1 stimulus control therapy, sleep restriction
therapy, cognitive therapy, and sleep hygiene education were applied on both groups. The short-
term outcome (4 weeks after treatment) was measured by sleep logs, actigraphy, the Pittsburgh
Sleep Quality Index (PSQI), and the Dysfunctional Beliefs and Attitudes about Sleep Scale (DBAS), and
was compared between I-CBT-l and G-CBT-I. The results indicated that CBT-I was effective in improv-
ing subjective and objective sleep parameters and subjective sleep evaluations for both individual
and group treatment. However, I-CBT-I resulted in significantly better improvements over G-CBT-l, in
(i) objective and subjective sleep onset latency time, (ii) objective sleep efficacy and moving time
during sleeping, (iii) overall sleep quality and duration of actual sleep time in PSQI, (iv) consequences
of insomnia, control and predictability of sleep, sleep requirement expectation, and sleep-promoting
practices in DBAS. The present study suggested the superiority of I-CBT-l over G-CBT-l in clinical
settings, and further evaluations are necessary.

Key words: behavior and cognition, cognitive behavioral therapy for insomnia, insomnia, primary

insomnia, psychology.

INTRODUCTION

Primary insomnia, as defined in the Diagnostic and Sta-
tistical Manual of Mental Disorders, 4th ed. text version
(DSM-IV-TR),* is the most common type of chronic
insomnia and is almost the same concept as psycho-
physiological insomnia as defined in the International
Classification of Sleep Disorders 2nd ed. (ICSD-2).?
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Primary insomnia is characterized by morbid fear of
insomnia, mental arousal, and heightened somatic
tension in bed. Recently, it is been emphasized that
cognitive behavioral therapy for insomnia (CBT-I) is
effective for primary insomnia patients.>®

The best tested and most commonly used method of
delivering CBT-I had been via individualized treatment
consisting of one-to-one sessions between a therapist
and a single patient (I-CBT-I). As providing the I-CBT-1
format is a time-consuming and cost-inefficient form of
treatment delivery, the most common alternative deliv-
ery format is group therapy (G-CBT-I). However, no one
established method of G-CBT-I has been used univer-
sally>® Furthermore, whether I-CBT-I and G-CBT-I are
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equally efficacious is not clear. A previous meta-analysis
suggested a modest superiority of I-CBI-T over G-CBT-
L7 On the other hand, a few clinical trials®® that pro-
vided direct comparisons of I-CBT-I and G-CBT-I within
the same study mentioned no different outcomes
between I-CBT-I and G-CBT-I. They concluded that
G-CBT-I represented a cost-effective alternative to
I-CBTI for the management of insomnia. Although
G-CBT-1 is a popular approach, studies directly compar-
ing the relative efficacy of individual and group formats
are limited."

The purpose of this study was to compare the short-
term efficacy of I-CBT-1 and G-CBT-1 with the same
treatment components and providers in clinically
referred outpatients with primary insomnia in Japan.
The primary outcomes were evaluated through subjec-
tive and objective sleep parameters, along with subjec-
tive sleep evaluations.

METHODS
Study participants

The eligible subjects were sufferers of primary insomnia
diagnosed by DSM-IV-TR, with chronic hypnotics use,
attending Jikei University Hospital as outpatients,
wishing to receive CBT-I. The participants for I-CBT-I
consisted of 20 patients, and they participated in a study
in 2004 to 2005.1 From 2009, the authors switched to
G-CBT-IL. The participants for G-CBT-I consisted of 25
patients divided over eight groups (three to five patients
per group) in 2009 to 2011."

The patients were excluded if they: (1) were 20 years
of age or younger, (ii) met the DSM-IV-TR criteria for an
axis I diagnosis of any psychiatric disorder and/or sub-
stance abuse, (i) required psychotropic medication for
psychiatric symptoms, or (iv) had possible sleep apnea
syndrome (SAS) as judged from clinical interviews and

Table 1 Outline of CBT-I protocol

Comparison of individual and Group CBT-I

daytime polysomnography (d-PSG)."> Each d-PSG was
recorded from 14.00 hours to 04.00 hours. The respi-
ratory tracings were evaluated for the presence of apnea
(a 10-s or greater cessation of oronasal airflow) or
hypopnea (a reduction in the amplitude of the thermis-
tor signal by at least 50% for 10s or longer, being
followed by an electroencephalogram [EEG] arousal). To
obtain the AHI (Apnea-Hypopnea Index), the number
of apneas + hypopneas/total sleep time (TST, h) was
calculated. The authors defined AHI = 5 as the possible
SAS, or (v) had symptoms suggestive of narcolepsy
or restless legs syndrome as judged from clinical
interviews.

The participants continued to take any medication
already prescribed before enrollment, so as to avoid any
effects of medication withdrawal during the treatment.
The average daily dosage of hypnotics was calculated by
dose equivalence of psychotropic drugs 2006-Version.**
A total of 53 patients (I-CBT-1: 24, G-CBT-1: 29) gave
written informed consent to take part in the present
study. During the treatment, however, eight patients
(I-CBT-L: 4, G-CBT-I: 4) dropped out at their own
request or at the recommendation of their attending
physicians. Data from these patients were excluded from
the statistical analysis.

Treatment (Table 1)

The authors designed the CBT-1 protocols with reference
to the method described by Morin’ and Edinger.® The
four therapists (all men) conducted CBT-1, and all of
them work as a clinical psychiatrist and a certified phy-
sician for a Japanese society involved in sleep research.
The other authors supervised the contents of the CBT-1.
The authors defined the 7 days prior to the first CBT-I
session as the pre-treatment period to evaluate sleep-
wake cycle of the patients for one week persistently. The
post-treatment period was also defined as the first 7
days after the treatment or follow-up period (I-CBT-I: 4

[-CBT-1

G-CBT-1

Treatment components
No. sessions Three times

1st session: 60—90 min
2nd/3rd session: 15 min
No. patients per group Individually
Type of provider

Post-treatment evaluation 4 weeks after 1st session

Stimulus control, sleep restriction, cognitive restructuring, sleep hygiene education

Two times (lecture and discussion, 60-90 min) plus one
individual booster session (10 min)

3-5

Psychiatric sleep physician, MD

4 weeks after 2nd session

© 2013 The Authors
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weeks after the first session, G-CBT-I: 4 weeks after
second session).

The I-CBT-I protocol was as follows.'! Just after the
pre-treatment period, in the first 60-90-min session,
after the introduction of CBT-I, the therapy was started
for each individual patient by the same therapists.
Thereafter, the patients underwent sessions of 15 min
once every 2 weeks during the 4 weeks. A total of three
sessions was given to each patient in this study. Four
weeks after the first session, post-treatment evaluation
was measured.

The G-CBT-I protocol was as follows."? Just after the
pre-treatment period, in the two-time group sessions
(60-90 min, 3-5 patients per group, the interval was
one week), patients participated in a lecture by a thera-
pist and a group discussion of CBI-I. In addition, indi-
vidual booster sessions (once, 10 min) were planned in
the 4-week follow-up period, at one week or 2 weeks
after the second session. Four weeks after the second
session, post-treatment evaluation was measured.

The components of CBT-I were the same in both
treatments. These consisted of stimulus control the-
rapy,”® sleep restriction therapy>® cognitive the-
rapy,”®'"? and sleep hygiene education.>®

Stimulus control therapy

Stimulus control attempts to break the association
between the sleep environment and wakefulness by
teaching the patients not to be engaged in activities that
might disturb their sleep. The instructions the therapists
gave were as follows: (i) go to bed only when becoming
sleepy; (i) do not use the bedroom for anything except
sleep or sex; and (iil) get out of bed and go to another
room whenever unable to fall asleep over a period of
30 min, and return to bed only when becoming sleepy
again.

Sleep restriction therapy

This treatment seeks to increase homeostatic sleep drive
through partial sleep deprivation and thereby improve
sleep ability. A bedtime and arising time schedule was
prescribed in an attempt to improve sleep quality and
decrease the time spent awake during the night. Time in
bed was reduced in accordance with the total sleep time,
as recorded in the sleep logs, and arising time was
always fixed. The time the patient went to bed was
adjusted on the basis of sleep efficiency. Though the
authors were not absolutely strict in our administration
of the sleep reduction therapy, combining with stimulus
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control therapy, the therapists emphasized the impor-
tance of spending time in bed only when sleepy.

Cognitive therapy

As mentioned below, the therapists calculated the dis-
sociation between the patients’ subjective sleep evalua-
tion from their sleep logs and their objective sleep data
measured by an actigraph during the pre-CBT-I period.
To facilitate better understanding by the patients, the
therapists showed them the results of dissociation
between the two parameters as an indicator of sleep
state misperception. Subsequently, cognitive therapy
was carried out to identify patient-specific incorrect cog-
nition about sleep so that the therapists could correct
any dysfunction in this regard.

Sleep hygiene education

Sleep hygiene education included instruction about
health practices and environmental factors that can be
beneficial for maintaining sufficient sleep, and also
details regarding homeostatic drive for sleep, circadian
factors, and the effects of drugs and habits prior to sleep.

Measurements

During the pre- and post-treatment periods, the authors
conducted measurements including sleep logs, actigra-
phy, the Pittsburgh Sleep Quality Index (PSQD,"” and
the Dysfunctional Beliefs and Attitudes about Sleep
Scale (DBAS). 1617

Sleep logs

During the pre- and post-treatment periods, patients
were asked to complete sleep logs, just after getting up
in the morning, for 7 days. Then, we averaged bedtime,
rising time, sleep-onset time (SONT), sleep-offset time
(SOFT), sleep onset latency time (SOL), total sleep time
(TST), and total time in bed (TIB). In principle, bedtime
and rising time on the sleep logs were recorded by each
patient’s family members to increase the objectivity of
the data.

Actigraphy

During the pre- and post-treatment periods, patients
were required to wear an actigraph (mini motionlogger
actigraph; Ambulatory Monitoring, New York, NY, USA)
on their non-dominant wrist at all times for 7 days.
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