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Assessing neural commonalities and differences among depression, anxiety and their comorbidity is critical in developing a more integrative clinical
neuroscience and in evaluating currently debated categorical vs dimensional approaches to psychiatric classification. Therefore, in this study, we sought
to identify patterns of anomalous neural responding to criticism and praise that are specific to and common among major depressive disorder (MDD),
social anxiety disorder (SAD) and comorbid MDD-SAD. Adult females who met formal diagnostic criteria for MDD, SAD or MDD-SAD and psychiatrically
healthy participants underwent functional magnetic resonance imaging as they listened to statements directing praise or criticism at them or at another
person. MDD groups showed reduced responding to praise across a distributed cortical network, an effect potentially mediated by thalamic nuclei
undergirding arousal-mediated attention. SAD groups showed heightened anterior insula and decreased default-mode network response to criticism. The
MDD-SAD group uniquely showed reduced responding to praise in the dorsal anterior cingulate cortex. Finally, all groups with psychopathology showed
heightened response to criticism in a region of the superior frontal gyrus implicated in attentional gating. The present results suggest novel neural
models of anhedonia in MDD, vigilance-withdrawal behaviors in SAD, and poorer outcome in MDD-SAD. Importantly, in identifying unique and common
neural substrates of MDD and SAD, these results support a formulation in which common neural components represent general risk factors for
psychopathology that, due to factors that are present at illness onset, lead to distinct forms of psychopathology with unique neural signatures.
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INTRODUCTION

Major depressive disorder (MDD) and social anxiety disorder (SAD)

are among the most prevalent and debilitating of all mental disorders

(Kessler et al., 2005). More than 20% of the general population will

experience a clinically significant episode of a mood disorder (Kessler

and Wang, 2009), and almost 15% will experience SAD, making it the

most common of the anxiety disorders (Kessler et al., 2005). It is

becoming increasingly apparent that depression and anxiety co-occur

at both the symptom and syndrome levels; one-quarter of individuals

diagnosed with primary MDD also meet criteria for SAD (Kessler et al.,

1999), and one-fifth of individuals with primary SAD also meet diag-

nostic criteria for MDD (Ohayon and Schatzberg, 2010). Compared

with non-comorbid individuals, persons with comorbid SAD and

MDD experience higher levels of suffering, greater impairment in

social and occupational functioning, increased resistance to treatment

and higher risk of suicide (Souery et al., 2007; Fava et al., 2008; Rush

et al., 2008). Thus, there is a pressing need to develop comprehensive

neural models of comorbid MDD and SAD that can inform effective

treatment approaches for this debilitating condition.

While developing a neuroaffective conceptualization of comorbid

MDD-SAD is crucial, understanding similarities and differences be-

tween non-comorbid MDD and SAD is also critical for identifying

both specific and general neural characteristics of these two disorders.

Indeed, citing high levels of overlap in the neural systems associated

with MDD and with anxiety disorders reported in studies examining

these disorders separately (Etkin and Wager, 2007; Hamilton et al.,

2012), researchers have begun to consider the merits of dimensional,

as opposed to categorical, approaches to the nosology of psychopath-

ology (Insel et al., 2010). It is important to note, however, that a more

critical assessment of the feasibility of dimensional approaches that

involves direct neural comparisons of MDD and SAD is necessary to

identify directly neural differences among these disorders. In this con-

text, conducting a direct comparison of the neural underpinnings of

MDD and SAD will allow us both to elucidate neural processes specific

to these disorders and to inform the framework through which we

understand psychopathology more generally.

One recent functional magnetic resonance imaging (fMRI) study

examined individuals diagnosed with MDD, with Generalized

Anxiety Disorder (GAD), and with comorbid MDD-GAD, as they

completed an affective conflict resolution task (Etkin and Schatzberg,

2011). These investigators found common anomalies in responses of

all clinical participants in the amygdala and ventral anterior cingulate

cortex (ACC) under conditions of affective conflict, and depression-

specific compensatory activity in dorsolateral prefrontal cortex

(DLPFC). In another study, individuals with MDD, SAD and comor-

bid MDD-SAD underwent a social evaluative threat task in which they

anticipated giving a speech during FMRI scanning. In this study,

participants with non-comorbid SAD exhibited increased occipital

cortex activity as they prepared for the speech and decreased insula

activation following the speech stressor, whereas participants with

non-comorbid MDD exhibited sustained medial frontal cortex activa-

tion throughout the stressor. Importantly, comorbid MDD-SAD par-

ticipants exhibited both of these patterns of activation, indicating that,

at a neural level, comorbid MDD-SAD may be understood as the

additive combination of MDD and SAD (Waugh et al., 2012).

Although these studies have made important preliminary
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contributions to neural models of depression, anxiety and their comor-

bidity, fundamental questions remain unaddressed. Specifically, MDD

and SAD are associated with unique biases and patterns of behavior in

both negative and positive emotional domains that are central in clin-

ical manifestations of these disorders (Beck et al., 1979; Wells et al.,

1995; Loas, 1996; Amir et al., 1998a). Thus, exploring the neural sub-

strates of both negative and positive affective biases in MDD, SAD and

their comorbidity has the potential to contribute significantly to the

development of integrative and comprehensive neural models of these

disorders.

This study was designed to examine the unique and common pat-

terns of neural responding to negative and positive self-relational

stimuli in non-comorbid and comorbid MDD and SAD. We utilized

a two- (MDD: present, absent) by-two (SAD: present, absent) be-

tween-subjects factorial design to elucidate neural response anomalies

to praise and criticism that were (i) related to MDD; (ii) related to

SAD; (iii) associated with comorbid MDD-SAD or (iv) associated

generally with the presence of psychopathology. There are distinct

advantages of assessing neural responses to praise and criticism in

MDD and SAD, as we did in this study, as opposed to other positive

and negative affective stimuli such as static emotional faces or images.

Given the prominent interpersonal difficulties that characterize both

MDD and SAD, aberrant neural responses to praise and criticism are

more likely to reflect core endophenotypes in these disorders.

Consistent with this position, neural investigations of remitted MDD

have found diminished response of affect regulatory structures to criti-

cism (Hooley et al., 2005), while examinations of neural response in

SAD have identified increased recruitment of salience network (Seeley

et al., 2007) nodes in this disorder (Blair et al., 2008). Thus, using

phrases containing praise and criticism directed at participants

increases the relevance of the stimuli and, therefore, the ecological

validity of the obtained results. Finally, data showing that increased

criticism predicts relapse in MDD (Okasha et al., 1994) further under-

scores the clinical utility of using self-relational stimuli in experimental

paradigms.

Given data from Hooley and colleagues (2005) showing decreased

responding to criticism in the DLPFC in MDD, we predict that indi-

viduals with MDD and MDD-SAD will similarly show attenuated

DLPFC response to criticism directed at them during scanning.

Further, given findings from Blair et al. (2008) of increased amygdala

response to criticism in SAD, we predict heightened responding of the

amygdala and other salience network nodes, such as the anterior insula

and dorsal anterior cingulate cortex (dACC), in both SAD and MDD-

SAD. Finally, as implied in the above hypotheses, we predict that per-

sons with MDD-SAD will show neural effects associated with both

depression and with social phobia.

METHODS

Participants

Participants were recruited from local psychiatric outpatient clinics

and through Web site postings. Sixty-one women participated in this

study: 16 participants diagnosed with pure SAD; 15 participants diag-

nosed with pure MDD; 16 participants diagnosed with comorbid

MDD-SAD; and 14 never-disordered control participants (CTL). We

included only women in this study both given findings that depressive

phenotypes differ between men and women (Nolen-Hoeksema et al.,

1999) and to reduce error variance and improve the statistical sensi-

tivity of our design. Diagnostic evaluations were based on DSM-IV-TR

criteria using the Structured Clinical Interview for DSM-IV-TR Axis I

(First et al., 2001) administered by interviewers who received extensive

training, typically post-baccalaureate research assistants and advanced

graduate students. Diagnoses were confirmed by PhD-level clinical

psychologists. Further, we used the Beck Depression Inventory-II

(BDI-II; Beck et al., 1996) and the Social Phobia and Anxiety

Inventory (SPAI; Beidel et al., 1989) to assess levels of depression

and social phobia, respectively. Participants in the MDD-SAD group

met diagnostic criteria for current SAD and current MDD, and did not

meet current or lifetime criteria for any another Axis-I disorder.

Participants in the two non-comorbid clinical groups (SAD, MDD)

met diagnostic criteria for current SAD or current MDD, but did not

meet criteria for any Axis-I disorder currently or across their lifetimes.

Finally, CTL participants did not meet criteria for any current or past

Axis-I psychopathology. Interrater reliability kappas ranged from 0.92

to 1.0 for diagnoses of MDD, SAD and MDD-SAD. All participants

were between 18 and 55 years of age, had no lifetime history of psych-

otic ideation, no reported substance abuse within the past 6 months,

no indication of impaired mental status and no physical limitations

that prohibited them from undergoing fMRI.

Self-Other Affective Processing task

Participants completed the Self-Other Affective Processing (SOAP)

task�modeled after a similar task developed and used by Blair and

colleagues (Blair et al., 2008)�during scanning. In each 20 s block of

the SOAP task, participants passively listened to four affective state-

ments spoken by a recorded female voice. Each of the 5 s long (3 s of

speech followed by 2 s of silence) affective statements was directed

either at the participant (‘You are . . .’) or at a male other (‘He

is . . .’). Given that responding in neural regions that subserve affect

has been found to persist beyond the duration of an affective challenge

(Siegle et al., 2002), we used a simple but active, directed button-

pressing task to distract participants following the affective stimuli to

make analysis of blood-oxygen-level-dependent (BOLD) time series

data more tractable. Participants listened to eight blocks of each of

six different kinds of statements: self- or other-related crossed with

three valence categories: positive (POS), threat (THR) and negative

(non-threat; NEG). These 48 blocks of affective statements were pre-

sented in pseudorandomized counter-balanced order over eight 240 s

scanning runs. The affective adjectives used for the SOAP task were

taken from the Affective Norms for English Words list (Bradley and

Lang, 1999). Selected words were matched for both normed frequency

and intensity ratings across the three valence categories. We included

two categories of negative stimuli (THR and non-threat NEG) for

possible examination of the specificity of neural responding to differ-

ent types of negative stimuli in subsequent work, specifically the exam-

ination of semantically general (non-threat NEG) relative to

semantically focused (THR) negative stimuli. In meeting the objective

of this study to examine neural responding at different poles of the

valence dimension, we focus here only on the POS (praise) and

NEG (criticism) statements. We present in Supplementary Table S1

examples of POS and NEG self- and other-directed statements.

FMRI data acquisition and preprocessing

Data acquisition and preprocessing for this study followed standard

protocols that we present in an online supplement to this article.

FMRI data analysis

Estimating maximum height of neural response

Conventional regression-based approaches for analyzing BOLD data,

while elegant, can fail to identify meaningful aspects of these data,

particularly in polysensory and limbic regions with response profiles

that can be influenced by affective factors that vary among individuals.

For example, in the context of block designs, the effects of brief and

potentially meaningful increases in the hemodynamic response can go

undetected due to ‘averaging out’ by conventional fitting procedures
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that aim to assign a single parameter to characterize several points in

FMRI time series data. Given this concern, in the present analysis we

estimated a single height parameter (described below) of the BOLD

response for each participant for each condition. Similar approaches

have been shown in previous work to identify unique and psychologic-

ally relevant aspects of the BOLD response in the amygdala and medial

prefrontal cortex (Siegle et al., 2002; Waugh et al., 2010). To estimate

this parameter, we first used the Analysis of Functional NeuroImages

(AFNI) program 3dDeconvolve to obtain average stimulus response

functions (SRFs), voxel-wise, for each participant for each condition.

We used multiple regression to remove nuisance effects from SRFs;

these nuisance effects included three translational and three rotational

head movement estimates, zeroth through third order drift effects and

heart rate and respiration artifacts (Chang and Glover, 2009). Next, for

each participant for each condition, we estimated the maximum height

from the corrected SRFs over a span of 13 BOLD acquisitions: 10

acquisitions over the 20 s block duration and 3 acquisitions following

the end of blocks to account for potentially sustained processing of

stimuli post-offset that can occur (e.g. Siegle et al., 2002) despite our

use of an active control task. We estimated height as the change in

BOLD signal from the average of the first two 2 s acquisitions�the

‘ramp up’ phase of the canonical SRF�to the maximum value of the

3rd through 13th acquisitions�the ‘plateau’ phase of the canonical SRF

during a 20 s period of stimulation.

Voxel-wise analyses to identify interactions among MDD, SAD
and valence

For our primary analysis, we conducted a two-by-two-by-two�[MDD:

present (MDD and MDD-SAD) vs absent (SAD and CTL)] by [SAD:

present (SAD and MDD-SAD) vs absent (MDD, CTL)] repeated over

[valence: POS vs NEG stimuli]�analysis of variance (ANOVA),

implemented in AFNI, on participants’ contrast maps for self- minus

other-related statements. We added to our model as regressors of non-

interest an age covariate, given a non-significant but trend-level dif-

ference in the average age of the MDD group relative to the other

groups, and two dose-dependent medication covariates, one reflecting

antidepressant load and another reflecting anxiolytic/sedative load; see

Supplementary Table S2 for medications and dosages. The medication

load covariates were calculated according to standards outlined by

Sackheim in the context of defining treatment resistance to pharma-

cotherapy (Sackeim, 2001). These covariates are important in the

context of this study given that we allowed individuals who were

stabilized on psychotropic medications to participate and needed to

account for medication effects on our group-wise analyses. We con-

ducted this age- and medication-corrected factorial analysis to identify

regions showing (i) effects of MDD that interact with valence; (ii)

effects of SAD that interact with valence; and (iii) interactions of the

MDD and SAD factors that, themselves, depended on the level of the

valence factor. We present these specific results and not the full array

of results rendered by the three-way ANOVA because they follow most

directly from the aims of the study. We set the family-wise error-

corrected � for these omnibus tests at 0.05 (per voxel �¼ 0.05, cluster

threshold, �¼ 50 voxels as determined by Monte Carlo simulation

using the ANFI program AlphaSim). Given that we observed a high

degree of consistency in response across several regions identified with

individual omnibus analyses, neural response data from similarly re-

sponding regions identified in each omnibus analysis (see Table 2)

were averaged before being analyzed further with t-tests.

Psychophysical interaction analysis

As we note in greater detail below, from the MDD-by-valence inter-

action analysis, we identified decreased response to praise in a diffuse

cortical network in MDD. To examine whether this broad cortical

effect was mediated by one or more subcortical structures, we

conducted a psychophysical interaction (PPI) analysis using, as a

seed, averaged BOLD signal from cortical regions showing a

between-group (MDD vs non-MDD) difference in height of response

to positive but not to negative stimuli. We examined condition-specific

relations between this seed and several subcortical regions: Talairach

defined amygdala, caudate, putamen, pallidum, hypothalamus, sub-

stantia nigra and thalamus. We conducted this PPI analysis�imple-

mentation described elsewhere (Hamilton et al., 2011)�in each

participant for self- vs other-related POS and NEG statement condi-

tions. We then submitted individual PPI coefficient maps to a two-by-

two (MDD: present vs absent; repeated over valence: POS vs NEG)

ANOVA that we examined for a significant interaction of MDD and

valence (family-wise corrected �¼ 0.05; per voxel �¼ 0.05, cluster

threshold, �¼ 30 voxels as determined by Monte Carlo simulation

using the ANFI program AlphaSim).

Neurobehavioral correlation analysis

For networks for which we found significant diagnosis-by-valence

interactions in neural response, we extracted effect-related contrast

coefficients for these regions and calculated the linear correlation be-

tween these coefficients and indices of severity of MDD (BDI-II) or

SAD (SPAI), depending on the nature of the neural effect (e.g. for a

network in which we found an effect of the MDD factor, we calculated

the correlation between contrast coefficients for this network and the

BDI-II). We used a Bonferroni correction to control for family-wise

Type-I error associated with multiple statistical tests.

RESULTS

Participant demographic and clinical characteristics

Demographic, clinical and medication data for the four groups of

participants are presented in Table 1. We present a description of

these data in an online supplement to this article.

Neural response1

Interaction of MDD and valence

Participants with MDD (MDD and MDD-SAD), relative to partici-

pants without MDD (CTL and SAD), showed decreased responding to

self- vs other-related POS statements in a large extent of auditory and

visual as well as frontal and parietal association cortices. This pattern

was not observed for NEG statements (see Figure 1A for group means

and for regional BOLD time series data for the POS, self-related con-

dition; see also Table 2, blue highlighted section, top, for the coord-

inates of regions driving these effects). Our post hoc PPI analysis

identified significantly increased connectivity between this cortical

network and ventral lateral and medial dorsal thalamic connectivity

in groups with MDD relative to groups without MDD for POS but not

for NEG self- vs other-related statements (see Figure 1B and Table 2,

blue highlighted section, bottom).

As we noted in Methods, we analyzed height of response (or, for the

PPI analysis, differences in connectivity) for self- vs other-related state-

ments. Given that such ‘multiple subtraction’ comparisons can hide

the true nature of effects, we present in Supplementary Figures S1–S6

group means for response height (or connectivity) for self- and other-

related statements for the valence conditions relevant to the effects

reported here. These data, in addition to the time series data presented

in the main figures for self-directed stimulus conditions, confirm that

1 Given that onset times of neural responding can affect the height of neural responses, in Supplementary Table S3

we present data on group differences in neural response onset times for POS and NEG stimuli.
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the reported effects are driven completely or in significant part by

group differences in activity during self-relational processing.

Interaction of SAD and valence

As predicted, participants with SAD (SAD, MDD-SAD) compared with

those without SAD showed consistently increased response in right

fronto-insular cortex to self-related NEG, but not POS, statements

(see Figure 2A and Table 2, orange highlighted section). Conversely,

in participants with SAD, relative to participants without SAD, we

found decreased cortical response to NEG, but not to POS, self-related

statements in three primary nodes of the default mode network

(DMN)�ventromedial prefrontal, posterior cingulate and lateral pos-

terior parietal cortices�as determined from maps from Greicius and

colleagues (Greicius et al., 2003); see Figure 2B and Table 2, green

highlighted section.

Interaction of MDD, SAD and valence

A number of regions showed a significant interaction of MDD and

SAD that was moderated by the valence of information that partici-

pants heard (see Table 2, bottom). Two effects of greatest interest in

the context of the aims of the present study were a decreased response

in the dACC, bilaterally, to POS, but not to NEG, self- vs other-related
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Fig. 1 (A) Decreased cortical response to positive self- vs other-related statements in MDD relative to non-MDD groups; averaged BOLD time series data from these same cortical regions for the positive self-
related stimulus condition. (B) Increased connectivity in MDD relative to non-MDD groups between cortical regions from A, above, and ventral lateral and medial dorsal thalamic nuclei during processing of
positive self- vs other-related statements. Note that we present neural response data from all groups, even though these results were obtained from a main-effects analysis of MDD vs non-MDD groups, to make
clear to readers that main effects were driven by both MDD and MDD-SAD groups.

Table 1 Demographic, clinical and pharmacological data for participant groups

Age (mean� SE) BDI-II (mean� SE)* SPAI (mean� SE)a % antidepressant
medicated

% anxiolytic/sedative
medicated

CTL 33.21� 2.45 1.77� 0.83 258.92� 25.82 0 0
MDD 40.47� 2.99 25.86� 3.41 410.79� 30.00 67 33
SAD 28.69� 2.47 12.25� 2.18 511.66� 20.35 12.5 12.5
MDD-SAD 33.13� 3.17 29.69� 2.70 563.81� 17.75 31 19

SE¼ standard error; BDI-II¼ Beck Depression Inventory-II; SPAI¼ Social Phobia and Anxiety Inventory.
aBDI-II and SPAI did not correlate significantly in the CTL or psychopathology groups.
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statements in the comorbid MDD-SAD group relative to the MDD,

SAD and CTL groups (see Figure 3A and Table 2, purple highlighted

section) and increased response to NEG, but not to POS, self- vs other-

related statements in groups with psychopathology (MDD, SAD and

MDD-SAD) relative to the CTL group in the aspect of the superior

frontal gyrus (SFG) along the cortical midline (see Figure 3B and

Table 2, pink highlighted section).

Neurobehavioral correlation analysis

We found in participants with SAD (SAD, MDD-SAD) that more

DMN deactivation was associated with increased severity of SAD as

measured with the SPAI [r(30)¼�0.44; P <0.05]; we did not observe

this same effect in non-SAD participants [r(27)¼�0.19; P >0.20]. All

other neurobehavioral correlations computed did not reach the family-

wise-error adjusted criterion for statistical significance (all uncorrected

P >0.05).

DISCUSSION

This study is the first to examine anomalies in neural response to

positive and negative self- and other-related stimuli in non-comorbid

and comorbid MDD and SAD. In participants diagnosed with MDD,

we documented a cortically diffuse decrease in the height of neural

response to self-related positive, but not negative, stimuli, a pattern of

activation that was potentially mediated by activity in ventral lateral

and medial dorsal thalamic nuclei. In participants with SAD, we found

increased insula response but decreased DMN response to negative,

but not to positive, self-related stimuli. Further, in individuals with

comorbid MDD-SAD, we found decreased response in the dACC to

positive, but not to negative, self-related stimuli. Finally, in the MDD,

SAD and MDD-SAD groups, relative to CTL participants, we found

increased response to self- vs other-related negative stimuli in the SFG

at cortical midline.

Cortical hypo-response to positive stimuli in MDD

In groups in which participants were diagnosed with MDD (i.e. MDD

and MDD-SAD), we found a reduction in neural response in a broad

array of secondary auditory and visual as well as associative cortical

structures to praise relative to criticism. Reduced behavioral respond-

ing to positive stimuli in MDD is well documented (Loas et al., 1992),

with neural investigations of this phenomenon focusing on structures

Table 2 Regions showing MDD-by-valence, SAD-by-valence and MDD-by-SAD-by-valence interactions

Interaction Structure Description Voxels X Y Z Figure

MDD-by-valence Bilateral mid and posterior cingulate cortex
and lateral posterior parietal cortex

Decreased response to POS in MDD;
Increased response to POS in non-MDD

1606 4 �43 48 1A

Bilateral occipital and occipitotemporal cortex Decreased response to POS in MDD;
Increased response to POS in non-MDD

969 14 �71 �7 1A

Left superior temporal gyrus Decreased response to POS in MDD;
Increased response to POS in non-MDD

205 �55 �4 4 1A

Left fusiform gyrus Decreased response to POS in MDD;
Increased response to POS in non-MDD

167 �47 �49 �18 1A

Right inferior frontal gyrus Decreased response to POS in MDD;
Increased response to POS in non-MDD

164 39 41 11 1A

Right superior frontal gyrus Decreased response to POS in MDD;
Increased response to POS in non-MDD

118 28 27 47 1A

Right dorsolateral prefrontal cortex Decreased response to POS in MDD;
Increased response to POS in non-MDD

75 41 13 37 1A

Left dorsolateral prefrontal cortex Decreased response to POS in MDD;
Increased response to POS in non-MDD

72 �28 31 38 1A

Right orbitofrontal cortex Decreased response to POS in MDD;
Increased response to POS in non-MDD

71 23 30 �6 1A

MDD-by-valence PPI analysis Left ventral lateral and medial dorsal
thalamic nuclei

Increased connectivity in MDD with cortical regions
showing decreased response to POS in MDD and
increased response to POS in non-MDD

39 �14 �17 10 1B

Right ventral lateral and medial dorsal
thalamic nuclei

Increased connectivity in MDD with cortical regions
showing decreased response to POS in MDD and
increased response to POS in non-MDD

36 14 �17 11 1B

SAD-by-valence Right fronto-insular cortex Increased response to NEG in SAD 148 50 13 2 2A
Left posterior cingulate cortex Decreased response to NEG in SAD;

Increased response to NEG in non-SAD
155 �7 �50 28 2B

Right ventromedial prefrontal cortex Decreased response to NEG in SAD;
Increased response to NEG in non-SAD

134 6 54 �4 2B

Right lateral posterior parietal cortex Decreased response to NEG in SAD;
Increased response to NEG in non-SAD

72 37 �70 32 2B

Left ventrolateral prefrontal cortex Decreased response to NEG in SP;
Increased response to NEG in non-SP

141 �40 44 8

MDD-by-SAD-by-valence Bilateral dorsal anterior cingulate cortex Decreased response selective to POS in MDD-SAD 146 4 11 34 3A
Right superior frontal gyrus Increased response to NEG in MDD, SAD, and

MDD-SAD; Decreased response to NEG in CTL
56 2 15 53 3B

Right superior temporal gyrus and insula Decreased response selective to POS in MDD-SAD
and CTL

72 43 10 �3

Left superior temporal gyrus Increased response selective to POS in pure SAD 70 �53 7 2
Left dorsolateral prefrontal cortex Increased response selective to POS in MDD-SAD

and CTL
50 �41 9 40

Data from similarly highlighted regions were averaged together prior to subsequent pairwise contrasts presented in figures.
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of the basal ganglia postulated to subserve encoding of reward value

(Pizzagalli et al., 2009; Hamilton et al., 2012). Recent neural accounts

of reward processing that are based on statistically sensitive multi-

voxel pattern analyses of fMRI data, however, have postulated that

encoding for reward occurs on a cortex-wide scale (Vickery et al.,

2011), particularly in the posterior cingulate and posterior parietal

cortices in which we found depressed individuals to show reduced

responding to praise. Given that reward value can be represented in

large extents of cortex, the question remains of how cortical encoding

of rewarding stimuli can be decreased so diffusely in MDD. One intri-

guing answer to this question emerged from the results of our PPI

analysis showing that, in MDD, the ventral lateral and medial dorsal

nuclei of the thalamus are more functionally connected to the cortical

regions that are characterized by decreased activation during the re-

ceipt of praise. These nuclei receive input from a broad array of cortical

structures via the cortico-striatal-pallido-thalamic circuit (Cummings,

1993); importantly, lesions of these nuclei resulting from thalamic in-

farction have been shown to result in increases in irritability and sad

mood (Gentilini et al., 1987), both of which are central symptoms of

MDD. Of greatest relevance to understanding our finding of diffuse

cortical deactivation to praise in MDD are data reported by Portas and

colleagues (Portas et al., 1998), who found that activity in the ventral

lateral nucleus of the thalamus changed during performance of an

attentional task as a function of arousal, indicating that this structure

may play a critical role in mediating the interaction between arousal

and attention. Therefore, in the context of MDD, functional anomalies

in the ventral lateral nucleus of the thalamus may influence depresso-

typic attentional biases away from positive stimuli (Gotlib et al., 2011)

and suggest a novel neural-level hypothesis to explain the presence of

anhedonia in this disorder. Until additional data are acquired to test

such a hypothesis more explicitly, however, this formulation remains

speculative.

Neural underpinnings of vigilance-avoidance in SAD

We found that individuals with SAD (i.e. SAD and MDD-SAD

groups), relative to participants without SAD, showed greater response

to criticism in the right fronto-insular cortex. In contrast, we found

reduced activation in response to criticism in the three primary loci of

the DMN, as defined by Greicius and colleagues (Greicius et al., 2003):

ventromedial prefrontal, posterior cingulate and lateral posterior par-

ietal cortices. Recent neural findings suggest that the fronto-insular

cortex is a component of the salience network of the brain, which,

with the amygdala and dACC, is involved in processing the personal

relevance of stimuli (Seeley et al., 2007), especially stimuli that signal

threat (Dalton et al., 2005; van Wingen et al., 2011). Investigators have

posited that the specific role of fronto-insular cortex within this net-

work is to promote rapid awareness of and response to relevant stimuli

(Craig, 2009; Allman et al., 2010). Thus, in this study, increased
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Fig. 2 (A) Increased anterior insula response to negative self- vs other-related statements in groups with SAD, relative to groups without SAD; averaged anterior insula BOLD time series data recorded during
processing of negative, self-related stimuli. (B) Decreased default-mode network responding in groups with SAD during processing of self- vs other-related negative statements; BOLD time series data from the
default-mode network acquired as participants heard negative self-related statements. Note that we present neural response data from all groups, even though these results were obtained from a main-effects
analysis of SAD vs non-SAD groups, to make clear to readers that main effects were driven by both SAD and MDD-SAD groups.
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response of the fronto-insular cortex�which has been implicated reli-

ably in anxiety disorders (Etkin and Wager, 2007)�to criticism in SAD

could represent and undergird vigilance for and awareness of negative

self-related stimuli. Importantly, this finding parallels results of previ-

ous work showing heightened response of another node of the salience

network, the amygdala, to criticism in SAD (Blair et al., 2008). It is

noteworthy, however, that we did not find between-groups differences

in activation of subcortical structures, such as the amygdala and nu-

cleus accumbens, typically involved in determining the personal sig-

nificance of stimuli. Given the well-established role of the DMN in

mediating self-relational thinking (Fox et al., 2005), and in light of

findings that increased coherence among DMN nodes is associated

with heightened pathology in SAD (Liao et al., 2010), deactivation of

all primary nodes of this network in response to negative self-relevant

stimuli in SAD may be a neural substrate of the avoidance of threaten-

ing information that characterizes this disorder.

Together, the patterns of response in salience and default-mode

networks in SAD comprise a comprehensive and intuitive neural sub-

strate of vigilance-avoidance models of this disorder (Amir et al.,

1998b). Indeed, consistent with this formulation, follow-up analyses

of onset times of neural responses show that, in SAD, during process-

ing of criticism, fronto-insular cortex responds significantly in advance

of the DMN.

Neural substrates of comorbid SAD and MDD

Participants with comorbid MDD-SAD exhibited patterns of neural

activation that provide intriguing clues about how depression and

social anxiety interact neurally. First, we found neural-level influences

of both MDD and SAD in the comorbid group: MDD-SAD

participants exhibited both depressotypic decreases in cortical re-

sponding to praise and a socially anxious cortical response to criticism.

In addition to these effects, the comorbid group showed, uniquely,

decreased dACC response to praise. The dACC is a hub of the salience

network (Seeley et al., 2007) that plays an important role in volitional

control of the autonomic nervous system (Critchley et al., 2003).

Importantly, meta-analyses of neural investigations of anxiety (Etkin

and Wager, 2007) and of major depression (Hamilton et al., 2012)

have found that aberrant dACC response to affective challenge is a

consistent aspect of these disorders. Further, recent work has shown

that the same region of the dACC that was identified in the present

analysis has abnormally increased functional connectivity in MDD to

three primary neural networks: the default-mode, executive and sali-

ence networks (Sheline et al., 2010). Given these data, combined with

our finding of reduced dACC response to praise in the comorbid

MDD-SAD group, we posit that in comorbid depression and anxiety,

this region acts as a convergence zone for the neural effects of negative

self-schemas that are associated with MDD and the anxiety concerning

social interactions that characterizes SAD.

A common neural substrate of heightened negative affective
reactivity in MDD, SAD and their comorbidity

We found increased response to criticism in the SFG at cortical midline

in all three groups with psychopathology. Examinations of performance

of a broad range of tasks following damage to the SFG reveal deficits in

cognitive control operations, particularly those involving initiation of

novel responses and set switching (Peraud et al., 2002). Further refining

conceptions of SFG function, functional neuroimaging studies have

found this structure to activate during shifts of attention away from
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Fig. 3 (A). Decreased responding in the dorsal anterior cingulate cortex during processing of positive self- vs other-related stimuli in the comorbid MDD-SAD group relative to the CTL, SAD and MDD groups;
dorsal anterior cingulate cortex BOLD time series data recorded while participants heard positive self-related stimuli. (B) Increased activation during processing of negative self- vs other-related statements in the
superior frontal gyrus in the psychopathology groups (i.e. MDD, SAD and MDD-SAD) relative to the CTL group; superior frontal gyrus BOLD time series data acquired during processing of negative self-related
stimuli.
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one feature of an object toward another (Nagahama et al., 1999). Thus,

in the context of the current findings of increased SFG response to

criticism in MDD, SAD and their comorbidity, it is possible that this

structure plays a causal role in higher level, volitional engagement of

attention toward self-relevant negative information, consistent with

negative self schemas in MDD (Bradley and Mathews, 1983) and

increased vigilance to threat in SAD (Mogg et al., 2004).

LIMITATIONS

There are three noteworthy limitations of this study. First, degrees of

freedom lost in incorporating a factorial design with three factors and

15 participants per cell, on average, may have rendered this study

insensitive to important neural effects in understanding MDD, SAD

and their comorbidity. Second, given both that abstract neutral adjec-

tives are relatively uncommon and that neutral stimuli are often mis-

interpreted as negative in SAD (Amir et al., 1998b), we did not include

a neutral stimulus condition in this study. Future studies with larger

samples and different categories of stimuli will be important in repli-

cating and extending the present results. Finally, given the potential

transdiagnostic implications of the present work, the lack of a trans-

diagnostic dimensional measure (such as neuroticism) in the study

limits our capacity to determine the broader clinical significance of

the neural data presented.

CONCLUSIONS AND FUTURE DIRECTIONS

The present findings concerning shared and unique aspects of the

neural functioning of individuals diagnosed with non-comorbid and

comorbid MDD and SAD come at a critical and exciting time in the

development of clinical neuroscience, as we consider new nosologic

systems in psychiatry�particularly dimensional approaches to classifi-

cation�that may more accurately reflect findings from genetic and

imaging data (Insel et al., 2010). A primary motivation for considering

dimensional approaches to psychiatric classification is the substantial

overlap in neural system dysfunction reported in studies of different

DSM-based diagnostic categories. For example, our recent meta-ana-

lysis of functional neuroimaging studies of MDD revealed a pattern of

reliable over-response in the salience network to negative affective

challenge in depression (Hamilton et al., 2012) that echoed findings

from a similar meta-analysis of functional neuroimaging studies of

anxiety disorders (Etkin and Wager, 2007). Although it is important

to acknowledge this overlap, it is equally important to recognize that

critical tests of dimensional formulations of psychopathology require

that researchers conduct studies that directly compare specific diag-

nostic groups, with an eye toward challenging assumptions on which

dimensional formulations are based. Although such investigations are

rare, this study, along with recent work examining comorbid MDD

and GAD (Etkin and Schatzberg, 2011), identifies both common and

distinct neural signatures in MDD and SAD. Collectively, this work

suggests a testable formulation in which common neural factors, rep-

resenting a pluripotent risk for psychopathology, interact with factors

that play a critical role in differentiating forms of psychopathology at

the onset of a disorder. Identifying these latter factors in high-risk

individuals is critical for understanding the development of different

forms of psychopathology that have distinct neural signatures.
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