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ent memory biases in depression, although such studies 
have rarely compared these patient groups with each oth-
er to demonstrate diagnostic specificity (14, 15). We refer 
to this construct as the “independent-factor” model, in 
which anxiety and depression reflect separate processes. 
However, these findings come from complex and multi-
determined measures, often lack mechanistic specificity, 
and are in general causally distal to the abnormalities in 
emotional processing that are thought to be at the core of 
anxiety and depressive disorders.

Neurobiological investigations of emotional processing 
in anxiety and depression also have yet to provide clar-
ity regarding similarities and differences. First, almost all 
neuroimaging studies contrast a single patient group with 
healthy comparison subjects, making it difficult to com-
pare between disorders. Second, because most neuroim-
aging studies either lack behavioral outcome measures 
or find no differences in behavior, changes in brain acti-
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O b je c t iv e : 	Anxiety	and	depressive	disor-
ders	are	both	associated	w ith	abnormali-
ties	 in	 the	 processing	 and	 regulation	 of	
emotion.	 However,	 little	 is	 known	 about	
the	 sim ilarities	 and	 differences	 between	
anxiety	and	depression	at	 the	neural	 lev-
el.	The	authors	exam ined	emotional	con-
flict	 processing	 using	 a	 salient	 stimulus	
associated	w ith	 observable	 and	 interpre-
table	 behavioral	 outcomes	 and	 w ith	 ac-
tivation	 in	 limbic	 and	 prefrontal	 regions	
implicated	in	anxiety	and	depression.

M e tho d : 	 Thirty-two	 healthy	 comparison	
subjects,	 18	 patients	 w ith	 generalized	
anxiety	 disorder	 only,	 14	 patients	 w ith	
major	 depression	 only,	 and	 25	 patients	
w ith	 comorbid	 generalized	 anxiety	 dis-
order	 and	 major	 depression	 were	 stud-
ied	 using	 functional	 MRI	 while	 they	 per-
formed	 an	 emotional	 conflict	 task	 that	
involved	 categorizing	 facial	 affect	 while	
ignoring	 overlaid	 affect	 label	 words.	 The	
authors	used	behavioral	and	neural	mea-
sures	 to	compare	 trial-by-trial	 changes	 in	
conflict	regulation,	a	test	of	implicit	regu-
lation	of	emotional	processing.

R e su lts :	 Behavioral	 data	 indicated	 that	
only	patients	w ith	generalized	anxiety	(i.e.,	
the	 anxiety-only	 and	 comorbid	 groups)	
failed	to	implicitly	regulate	emotional	con-
flict.	By	contrast,	deficits	in	activation	and	
connectivity	of	 the	ventral	anterior	cingu-
late	 and	 amygdala,	 areas	 previously	 im -
plicated	 in	 regulating	 emotional	 conflict,	
were	 found	 in	 all	 patient	 groups.	Depres-
sion-only	patients,	however,	compensated	
for	 this	 deficit	 by	 also	 activating	 the	 left	
and	 right	 anterior	 lateral	 prefrontal	 corti-
ces,	 in	 which	 activity	 was	 correlated	 with	
behavioral	 evidence	of	 successful	 implicit	
regulation,	 thus	 mediating	 the	 disorder-
specificity	of	the	behavioral	phenotype.

Conc lu sio n s:	 These	data	 support	 the	ex-
istence	of	a	common	abnormality	in	anxi-
ety	and	depression	in	the	ventral	cingulate	
and	 the	 amygdala,	which	may	be	 related	
to	a	shared	genetic	etiology.	Compensatory	
engagement	 of	 cognitive	 control	 circuitry	
in	depression	 illustrates	how	the	complex	
nature	of	psychopathology	arises	from 	the	
interaction	 of	 deficits	 and	 compensation,	
all	of	which	can	occur	at	an	implicit	level.

Generalized anxiety and major depressive disorders 
are highly prevalent and disabling emotional disorders 
and are frequently comorbid with each other. Their rela-
tionship and diagnostic integrity have been the subject 
of considerable debate (1–5). On the one hand, structural 
analyses of comorbidity or symptomatology have pointed 
to anxiety and depression originating from a higher-order 
common “anxious/misery” factor (6, 7), which is related 
to the construct of neuroticism (8). Genetic risk for these 
disorders has also been shown to be similar or identical 
(9, 10). We refer to this as the “common-disorder” model 
of anxiety and depression. On the other hand, analyses 
of symptomatology also support the existence of anxiety- 
and depression-specific phenotypes (8, 11), and differ-
ences exist in the relationship of anxiety and depression 
to specific stressful life events or triggering events (12, 13). 
Behavioral studies have provided evidence for automatic 
attentional biases for threat in anxiety and mood-congru-
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ly examined evaluation- and regulation-related activation 
in both the emotional conflict task and a complementary 
nonemotional conflict task (gender identification of the 
same faces while ignoring gender label words). Regulation 
of emotional conflict was specifically associated with ac-
tivation of the pregenual/ventral cingulate and dampen-
ing of amygdala reactivity through connectivity with the 
cingulate (20–22). By contrast, regulation of nonemotional 
conflict was associated with dorsolateral prefrontal activa-
tion and modulation of target-specific processing in the 
ventral visual cortex (21). Notably, patients with general-
ized anxiety disorder failed to activate the ventral cingulate 
and dampen amygdala activity, consistent with their be-
havioral failure to adapt to emotional conflict (23).

In this article, we extend our previous findings in gen-
eralized anxiety disorder, focusing primarily on major 
depression and its comparison with anxiety by report-
ing on emotional conflict task data from two additional 
groups of subjects—those with depression and no gen-
eralized anxiety disorder, and those with comorbid anxi-
ety and depression. Specifically, we sought to determine 
whether results from the emotional conflict task support 
common-disorder or independent-factor conceptualiza-
tions of anxiety and depression, whether the results would 
produce evidence for behaviorally relevant dissociability 
of these disorders, and how differences in brain activation 
during implicit regulation of emotional processing in this 
task underlie differences in behavior.

M ethod

Pa rtic ipan ts

The study included 89 participants, all of whom provided in-
formed consent. Current-episode DSM-IV-based psychiatric di-
agnoses (33) were determined through both an informal clinical 
interview and the Mini International Neuropsychiatric Interview 
(34, 35). All screening and diagnosis of participants were carried 
out by a single rater (A.E.) applying consistent diagnostic criteria 
for differentiating among the four groups examined. Exclusion 
criteria were bipolar, psychotic, substance use, or posttraumatic 
stress disorders; a history of a neurological disorder, head trauma, 
or loss of consciousness; claustrophobia; or regular use of ben-
zodiazepines, opioids, or thyroid medications. No patient was 
taking regular psychiatric medications, and patients who used 
benzodiazepines on an as-needed basis did not take any within 
48 hours of the scan. The anxiety-only (N=18) and depression-
only (N=14) groups consisted of patients in which generalized 
anxiety disorder or major depressive disorder, respectively, was 
the primary diagnosis without comorbidity with the other; the 
“comorbid” group (N=25) consisted of patients with comorbid 
generalized anxiety disorder and major depression. Other dis-
orders are noted in footnotes to Table 1. All healthy comparison 
subjects (N=32) had no current or past axis I disorders and took 
no psychiatric medications. All participants completed the ques-
tionnaires listed in Table 1 (36–41). Emotional conflict data on 24 
of the healthy comparison subjects and 17 of the anxiety-only pa-
tients were reported in our previous study (23).

Expe rim en ta l Pa rad igm

The emotional conflict task was performed as previously de-
scribed (21–23). It consisted of 148 presentations of photographs 

vation may reflect core deficits, compensation, or both. 
Third, anxiety and depression both involve abnormalities 
in core limbic regions, such as the amygdala, as well as 
prefrontal regulatory regions, such as the ventral anterior 
cingulate (16, 17). Thus, while no canonical anxiety- or de-
pression-related neural abnormalities have yet emerged 
in the literature, these design issues preclude even conclu-
sions about commonalities between the disorders.

Understanding the nature of anxiety and depression 
therefore represents a paradigmatic example of the oppor-
tunities and challenges currently facing psychiatry. Such an 
understanding could provide insight into vulnerability and 
resilience factors, related in part to the heritability of these 
disorders; help shed light on the nosological relationships 
between mental illnesses; and inform treatment. Anxiety in 
the context of depression, for example, has been shown to 
predict worse response to antidepressants in general (18), 
as well as in the context of specific genetic polymorphisms 
(19). Yet, unless the experimental design issues mentioned 
above are dealt with, inferential difficulties will remain. To 
do so, we turned to an examination of emotional conflict 
processing, using a salient stimulus associated with ob-
servable and interpretable behavioral outcomes and with 
activation in limbic and prefrontal regions implicated in 
anxiety and depression (20).

We recently described an emotional conflict task in 
which study subjects identify the expression of fearful or 
happy faces while ignoring the overlaid words “fear” or 
“happy” (21–23). In this task, emotional conflict gener-
ated reaction time interference, which was lower when 
an emotionally incongruent trial followed an incongru-
ent trial than when it followed a congruent trial—an ef-
fect termed “emotional conflict adaptation” (21, 22, 24–27) 
(see Figure S1 in the data supplement that accompanies 
the online edition of this article). This trial-to-trial adap-
tation to emotional conflict reflects the operation of an 
emotional processing regulatory mechanism, activated by 
previous trial conflict, that improves performance on the 
current incongruent trial (22, 28–30) and occurs at an im-
plicit (nonconscious) level (23). Unlike healthy subjects, 
patients with generalized anxiety disorder failed to adapt 
to emotional conflict (23).

Neuroimaging data in this paradigm were analyzed pri-
marily by comparing the faster postincongruent incongru-
ent trials to the slower postcongruent incongruent trials, 
drawing on the “conflict monitoring hypothesis,” which is 
the cognitive model that best accounts for the conflict ad-
aptation effect (24–32). This model distinguishes between 
neural activity related to the evaluation of conflict, which is 
higher when conflict is greater (i.e., postcongruent incon-
gruent trials > postincongruent incongruent trials), and 
dissociates it from neural activity related to the regulation 
of conflict. This latter function is associated with regions 
whose activity increases in trials when conflict is mini-
mized through regulation (i.e., postincongruent incongru-
ent trials > postcongruent incongruent trials). We previous-
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p	Values

Comparison	Group	
(N=32)

Anxiety-	
Only	Groupa	(N=18)

Depression-Only	
Groupb	(N=14)

Comorbid	Groupc	
(N=25)

Common-Disorder	
Model

Independent-Factor	
Model

Anxiety-Only	Compared	With	
Depression-Only	Group

Anxiety-Only	Compared	
With	Comorbid	Group

Depression-Only	Compared	
With	Comorbid	Group

N % N % N % N %
Female 23 72 11 61 10 71 17 68 n.s. n.s. n.s. n.s. n.s.

Mean SD Mean SD Mean SD Mean SD
Age	(years) 35.6 11.1 31.3 9.5 32.2 11.7 33 10 n.s. n.s. n.s. n.s. n.s.
Education	(years) 17 2 16.5 2.2 15.4 2.1 16.2 2.5 n.s. n.s. n.s. n.s. n.s.
State-Trait	Anxiety	Inventory	(36),	trait	anxiety	score 30.4 6.1 51.9 8.1 58 11.2 62.8 8.7 <0.001 <0.001d n.s. <0.001 n.s.
Penn	State	Worry	Questionnaire	score	(37) 32.9 8.9 61.4 8.6 53.5 10.9 61.2 11.5 <0.001 <0.001d <0.05 n.s. <0.05
Beck	Anxiety	Inventory	score	(38) 3.6 3.7 22.7 11.7 14.4 6.6 26 12 <0.001 <0.001e <0.05 n.s. <0.001
Beck	Depression	Inventory	score	(39) 3.1 3.3 14.6 8.9 27.6 8.7 32 8.2 <0.001 <0.001d <0.001 <0.001 n.s.
Mood	and	Anxiety	Symptom	Questionnaire	(40,	41)

Anxious	arousal	subscore 18.1 1.7 25.9 7.4 23.2 3.5 33 11.6 <0.001 <0.001e n.s. <0.05 <0.001
Anhedonic	depression	subscore 48.1 10 69.4 12.4 87.1 11.1 88 7.7 <0.001 <0.001d <0.001 <0.001 n.s.

a	Patients	with	a	primary	diagnosis	of	generalized	anxiety	disorder	and	no	comorbid	depression	diagnosis.	Ten	had	no	other	comorbid	disor-
ders,	five	had	one	other	comorbid	disorder	(two	with	dysthymia	and	three	with	social	anxiety),	and	three	had	two	other	comorbid	disorders	
(two	with	social	anxiety	and	panic	disorder	and	one	with	social	anxiety	and	obsessive-compulsive	disorder).

b	Patients	with	a	primary	diagnosis	of	major	depressive	disorder	and	no	comorbid	generalized	anxiety	disorder	diagnosis.	Thirteen	had	no	
other	comorbid	disorders,	and	one	had	comorbid	bulimia	nervosa.

c	 Patients	with	comorbid	generalized	anxiety	disorder	and	major	depression.	Eighteen	had	no	other	comorbid	disorders,	six	had	one	other	
comorbid	disorder	(four	with	social	anxiety	and	two	with	panic	disorder),	and	one	had	two	other	comorbid	disorders	(obsessive-compulsive	
disorder	and	bulimia	nervosa).

d	All	factors,	interaction.
e	All	factors.

Results from first-level models (46) were submitted to group-
level random-effects analyses. Groups were modeled in a 2×2 
analysis of variance (ANOVA) using the generalized linear model, 
with two across-subject factors corresponding to presence of 
the diagnoses of generalized anxiety disorder or major depres-
sive disorder (columns in the design matrix representing healthy, 
depression-only, anxiety-only, and comorbid groups). To test 
the independent-factor model, we created contrasts reflecting 
the effects of anxiety (anxiety-only and comorbid > healthy and 
depression-only; [–1, –1, 1, 1]), or depression (depression-only 
and comorbid > healthy and anxiety-only; [–1, 1, –1, 1]). The same 
group analysis was used to test the common-disorder model, in 
which we contrasted healthy comparison subjects with all patient 
groups ([1, –1/3, –1/3, –1/3]). Behavioral and extracted brain ac-
tivation data were analyzed in a similar fashion using SPSS (SPSS, 
Inc., Chicago). We chose not to analyze all groups within a single 
four-level group factor, as the variance associated with diagno-
ses for the comorbid group overlaps with that in the anxiety-only 
and depression-only groups (and hence is not well described in 
a four-level group factor). Moreover, participant selection across 
the four groups was explicitly made with respect to the two main 
effect factors, and each participant could be uniquely identified 
by a combination of these factors.

Finally, for the analysis of adaptation, we analyzed effects of 
previous trial separately for current incongruent and congruent 
trials, because 1) processing during congruent, but not incon-
gruent, trials is potentially and variably confounded by partici-
pants switching from labeling faces to labeling words; 2) behav-
ioral work in the laboratory manipulating conflict adaptation has 
found dissociable effects on incongruent versus congruent trial 
adaptation (unpublished observations); 3) brain activation is dif-
ferent between these forms of adaptation (unpublished observa-
tions); and 4) we previously found deficits in generalized anxiety 
disorder selectively in incongruent trial adaptation (23).

For the psychophysiological interaction analyses (47), we ex-
tracted, for each subject, a deconvolved time course from the 
ventral cingulate and amygdala clusters defined by the group-lev-

of happy or fearful facial expressions (42), overlaid with the words 
“FEAR” or “HAPPY.” Stimuli were presented for 1,000 msec, with 
a varying interstimulus interval of 3,000–5,000 msec (mean=4,000 
msec), in a pseudorandom order, counterbalanced across trial 
types for expression, word, response button, and gender. Partici-
pants indicated facial affect with a button-press response.

Func tio na l M R I Da ta  A cqu isitio n

Images were acquired on a 3-T GE Signa scanner using a cus-
tom-built head coil. Twenty-nine axial slices (4.0 mm thickness 
with 0.5 mm gap) were acquired across the whole brain using a 
T

2
*-weighted gradient echo spiral pulse sequence (repetition 

time=2,000 msec, echo time=30 msec, flip angle=80°, 1 interleaf, 
field of view=22 cm, 64×64 matrix) (43). A high-resolution T

1
-

weighted three-dimensional inversion recovery spoiled gradient-
recalled acquisition in the steady state MRI sequence was used 
with the following parameters: inversion time=300 msec, rep-
etition time=8 msec, echo time=3.6 msec, flip angle=15°, field of 
view=22 cm; 124 slices in coronal plane; matrix=256×192; number 
of excitations=2; acquired resolution=1.5×0.9×1.1 mm.

Data  A na ly sis

Functional MRI data were preprocessed using the SPM5 soft-
ware package (http://www.fil.ion.ucl.ac.uk/spm) implemented in 
MATLAB (MathWorks, Inc., Natick, Mass.). Images were realigned 
to correct for motion and were slice timing-corrected, spatially 
transformed to the Montreal Neurological Institute coordinate 
system (44), resampled every 2 mm, and smoothed with a 6-mm 
full-width half-maximum Gaussian kernel. During preprocessing, 
the effects of global signal were also removed separately for each 
voxel (45). Separate regressors for the stimulus events (convolved 
with a canonical hemodynamic response function) were created 
for postcongruent incongruent trials, postincongruent incongru-
ent trials, postcongruent congruent trials, and postincongruent 
congruent trials, with error and posterror trials modeled sepa-
rately. Additional regressors of no interest corresponding to the 
six motion parameters were also included.
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p	Values

Comparison	Group	
(N=32)

Anxiety-	
Only	Groupa	(N=18)

Depression-Only	
Groupb	(N=14)

Comorbid	Groupc	
(N=25)

Common-Disorder	
Model

Independent-Factor	
Model

Anxiety-Only	Compared	With	
Depression-Only	Group

Anxiety-Only	Compared	
With	Comorbid	Group

Depression-Only	Compared	
With	Comorbid	Group

N % N % N % N %
Female 23 72 11 61 10 71 17 68 n.s. n.s. n.s. n.s. n.s.

Mean SD Mean SD Mean SD Mean SD
Age	(years) 35.6 11.1 31.3 9.5 32.2 11.7 33 10 n.s. n.s. n.s. n.s. n.s.
Education	(years) 17 2 16.5 2.2 15.4 2.1 16.2 2.5 n.s. n.s. n.s. n.s. n.s.
State-Trait	Anxiety	Inventory	(36),	trait	anxiety	score 30.4 6.1 51.9 8.1 58 11.2 62.8 8.7 <0.001 <0.001d n.s. <0.001 n.s.
Penn	State	Worry	Questionnaire	score	(37) 32.9 8.9 61.4 8.6 53.5 10.9 61.2 11.5 <0.001 <0.001d <0.05 n.s. <0.05
Beck	Anxiety	Inventory	score	(38) 3.6 3.7 22.7 11.7 14.4 6.6 26 12 <0.001 <0.001e <0.05 n.s. <0.001
Beck	Depression	Inventory	score	(39) 3.1 3.3 14.6 8.9 27.6 8.7 32 8.2 <0.001 <0.001d <0.001 <0.001 n.s.
Mood	and	Anxiety	Symptom	Questionnaire	(40,	41)

Anxious	arousal	subscore 18.1 1.7 25.9 7.4 23.2 3.5 33 11.6 <0.001 <0.001e n.s. <0.05 <0.001
Anhedonic	depression	subscore 48.1 10 69.4 12.4 87.1 11.1 88 7.7 <0.001 <0.001d <0.001 <0.001 n.s.

a	Patients	with	a	primary	diagnosis	of	generalized	anxiety	disorder	and	no	comorbid	depression	diagnosis.	Ten	had	no	other	comorbid	disor-
ders,	five	had	one	other	comorbid	disorder	(two	with	dysthymia	and	three	with	social	anxiety),	and	three	had	two	other	comorbid	disorders	
(two	with	social	anxiety	and	panic	disorder	and	one	with	social	anxiety	and	obsessive-compulsive	disorder).

b	Patients	with	a	primary	diagnosis	of	major	depressive	disorder	and	no	comorbid	generalized	anxiety	disorder	diagnosis.	Thirteen	had	no	
other	comorbid	disorders,	and	one	had	comorbid	bulimia	nervosa.

c	 Patients	with	comorbid	generalized	anxiety	disorder	and	major	depression.	Eighteen	had	no	other	comorbid	disorders,	six	had	one	other	
comorbid	disorder	(four	with	social	anxiety	and	two	with	panic	disorder),	and	one	had	two	other	comorbid	disorders	(obsessive-compulsive	
disorder	and	bulimia	nervosa).

d	All	factors,	interaction.
e	All	factors.

show an overall effect of patient status in the common-
disorder model; comparison group=766 msec [SD=106]; 
anxiety-only group=865 msec [SD=235]; depression-only 
group=900 msec [SD=226]; comorbid group=861 msec 
[SD=229]; all patients=872 msec [SD=227]; F=6.4, df=1, 85, 
p<0.05 [partial eta-squared=0.07]).

Emotional conflict, as expected, induced a slowdown 
in reaction time in all groups (Figure 1A). There were no 
significant differences in this slowdown as a function of 
anxiety, depression, or patient status. By contrast, there 
was a significant deficit in emotional conflict adaptation 
during incongruent trials, both as a function of anxiety in 
the independent-factor model (anxiety-only and comor-
bid groups compared with depression-only and healthy 
comparison groups; F=8.1, df=1, 85, p<0.01; partial eta-
squared=0.087) and as an effect of patient status in the 
common-disorder model (F=4.8, df=1, 85, p<0.05; partial 
eta-squared=0.053; see Figure 1B; see also Figure S2 in the 
online data supplement). The effect of anxiety, but not 
patient status, remained significant even after control-
ling for individuals’ average reaction times or individuals’ 
scores on scales of anxiety, depression, or worry (p<0.01), 
indicating a categorical effect of diagnosis rather than a 
dimensional effect of anxiety or depression.

Furthermore, consistent with the independent-factor 
model but not the common-disorder model, adaptation 
during incongruent trials was significantly different be-
tween the depression-only group and the combination 
of the anxiety-only and comorbid groups (F=4.3, df=1, 
55, p<0.05; partial eta-squared=0.073). Notably, this effect 
remained significant after controlling for either average 
reaction times or individuals’ scores on scales of anxiety, 
depression, or worry (p<0.05). Finally, there were no signif-
icant group effects in either the independent-factor or the 
common-disorder model on adaptation during congruent 
trials (see Figure 1C), in which reaction times were faster 
for postcongruent congruent trials than for postincongru-
ent congruent trials. Moreover, all individual groups’ one-

el regulation-related postincongruent incongruent trial > post-
congruent incongruent trial contrast and the evaluation-related 
postcongruent incongruent trial > postincongruent incongruent 
trial contrast, respectively, in the healthy comparison group. Ac-
tivity in the amygdala was then regressed against the product of 
the ventral cingulate time course and the vector of the psycho-
logical variable of interest, with the physiological and the psycho-
logical variables serving as regressors of no interest, along with 
the six motion parameters. The results were then analyzed using 
ANOVAs in SPSS as above.

Small-volume corrections were conducted for the ventral cin-
gulate and amygdala regions of interest, which were specified a 
priori (48) (p<0.05, family-wise error-corrected) using anatomi-
cally defined masks. The ventral cingulate region of interest was 
drawn along the contours defined by a recent diffusion tensor im-
aging connectivity parcellation of the cingulate (49), thus signifi-
cantly expanding on our previous cingulate mask (23) to include 
the entire ventral cingulate (21,320 mm3). The amygdala region of 
interest corresponded to the left and right amygdala in the WFU 
(Wake Forest University) PickAtlas (left: 1,264 mm3; right: 1,288 
mm3) (50). Results are displayed within these regions of interest 
only. For the correlation of reaction times with brain activation in 
the depression-only group, we applied a whole-brain correction 
for the false discovery rate (q<0.05).

re su lts

Behav io r

Our patient and healthy comparison groups were well 
matched for age, gender, handedness (all participants were 
right-handed), and education level (Table 1). As outlined 
above, we analyzed our data in two parallel ways, either 
with depression and anxiety as independent and interact-
ing factors (independent-factor model) or with anxiety 
and depression diagnoses combined into a single “patient” 
factor (common-disorder model). Overall accuracies were 
not significantly different using either model (compari-
son group=94.2% [SD=4.7]; anxiety-only group=93.5% 
[SD=5.6]; depression-only group=95.9% [SD=3.4]; comor-
bid group=93.8% [4.6]; all patients=94.2% [SD 4.7]). Aver-
age reaction times showed no significant effect of anxiety 
or depression in the independent-factor model but did 
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sample t tests were significant for this measure, suggesting 
that all the groups showed adaptation during congruent 
trials, which indicates the specificity of the finding of defi-
cits in adaptation during incongruent trials.

Ven tra l C ingu la te -Am ygda la  A bno rm a litie s  A c ro ss  
A nx ie ty  and  D ep re ssio n

Next, we examined brain activation in the critical con-
trast examining emotional conflict adaptation during 
incongruent trials (postincongruent incongruent trials 
minus postcongruent incongruent trials), focusing on 
our a priori regions of interest in the ventral cingulate and 
amygdala. As discussed above, adaptation to emotional 
conflict is associated with increased activity in the ventral 
cingulate (postincongruent incongruent trials > postcon-
gruent incongruent trials) and decreased activation in the 
amygdala (postincongruent incongruent trials < postcon-
gruent incongruent trials)—functions attributed to regu-
lation and evaluation of emotional conflict, respectively 
(21–23). In both regions, we found significant small vol-
ume-corrected group differences as a function of patient 
status in the common-disorder model and no significant 
effects of anxiety or depression in the independent-factor 
model (Figure 2).

The group difference cluster in the ventral cingulate 
(x=–10, y=28, z=–2; z score=4.09; and x=–4, y=40, z=–16; 
z score=3.81; 1,008 mm3; partial eta-squared=0.123; see 
mean cluster signal change for each group in Figure 2A) 
was driven by a significant conflict regulation-related ac-
tivity increase in the healthy comparison group (t=3.15, 
df=31, p<0.005; d=0.55) and the opposite effect in patients 
(t=2.59, df=56, p=0.01; d=0.34). The group difference clus-
ter in the amygdala (x=28, y=0, z=–28; z score=3.25; 160 
mm3; partial eta-squared=0.092; see cluster means in 
Figure 2B), as expected, involved a significant decrease 
in signal during adaptation in the healthy comparison 
group (t=2.19, df=31, p<0.05; d=0.39), whereas in patients 
no difference was observed. Further breakdown by indi-
vidual trial types for both the ventral cingulate and amyg-
dala group difference clusters is provided in Figure S3 in 
the online data supplement. No group differences were 
observed in either the ventral cingulate or the amygdala 
for the contrast of postcongruent congruent trials minus 
postincongruent congruent trials, or when combining 
across all trial types, indicating that the group differences 
during adaptation to emotional conflict did not simply 
reflect generic consequences of reaction time speedup 
or task-independent deactivations, respectively. The ob-
served group differences for brain activation and behavior 
were also unaltered when participants with comorbid ob-
sessive-compulsive disorder were excluded or when pa-
tients with comorbid dysthymia in the anxiety-only group 
were excluded (data not shown).

Next, we examined functional connectivity between the 
ventral cingulate and the amygdala using psychophysi-
ological interaction analyses. We found a blunting of the 
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a	In	panel	A,	reaction	time	difference	scores	reflect	the	overall	effect	
of	emotional	conflict	 (incongruent	minus	congruent	 trials),	 show-
ing	 no	 difference	 between	 groups.	 Panel	 B	 shows	 facilitation	 in	
reaction	times	during	emotional	conflict	adaptation	(postincongru-
ent	 incongruent	 trials	 [iI]	 faster	 than	 postcongruent	 incongruent	
trials	 [cI],	 resulting	 in	 negative	 reaction	 time	 difference	 scores),	
showing	a	deficit	as	a	function	of	anxiety	in	the	independent-factor	
model	(i.e.,	in	the	generalized	anxiety	disorder-only	and	comorbid	
groups).	Panel	C	indicates	adaptation	on	congruent	trials	(postcon-
gruent	congruent	trials	[cC]	faster	than	postincongruent	congruent	
trials	 [iC]),	 showing	no	group	differences.	These	results	 show	that	
anxiety	is	associated	with	a	failure	to	adapt	to	emotional	conflict.
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a	Healthy	comparison	group	>	all	patients	contrast	for	the	postincongruent	incongruent	trial	 (iI)	minus	postcongruent	incongruent	trial	 (cI)	
difference	within	the	regions	of	interest	in	the	ventral	cingulate	(panel	A)	and	the	amygdala	(panel	B);	bar	graphs	represent	each	group’s	data	
for	this	contrast	extracted	for	the	cluster	shown.	These	results	illustrate	the	inability	of	all	patient	groups	to	activate	the	ventral	cingulate	and	
dampen	amygdala	activity	during	emotional	conflict	adaptation.

groups but does not account for the adaptation seen in the 
depression-only group.

Com pensa to ry  Re c ru itm en t o f  La te ra l A n te rio r 
P re fron ta l Reg ion s in  D ep re ssio n

To identify brain regions that might account for the 
ability of depressed patients to adapt to emotional con-
flict, we correlated individuals’ reaction time difference 
scores during incongruent trial adaptation (postincongru-
ent incongruent trials minus postcongruent incongruent 
trials) with brain activation in the same contrast within 
the depression-only group. Figure 4 presents results after 
whole-brain voxelwise correction for multiple compari-
sons using the false discovery rate (q<0.05). We found that 
better incongruent trial conflict adaptation (more nega-
tive reaction time difference scores) was associated with 

normally negative functional connectivity between these 
regions across all patients in the common-disorder model 
(F=4.4, df=1, 85, p<0.05; partial eta-squared=0.049; see 
Figure 3A). Finally, within the entire patient cohort, we 
correlated mean incongruent trial adaptation signal for 
the ventral cingulate and amygdala clusters and found 
that they were strongly negatively correlated (r=–0.52, 
p<0.001; see Figure 3B), which is consistent with a nega-
tive regulatory relationship between these regions in 
patients, even in the context of an overall deficit in their 
activation. Robust regression confirmed that this rela-
tionship was independent of outliers (p<0.0005). In sum-
mary, these data demonstrate a broad deficit in cingulate-
amygdala activation and connectivity during adaptation 
in all patient groups, which is consistent with the behav-
ioral adaptation deficits in the anxiety-only and comorbid 
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the depression-only group is able to adapt by activating a 
different neural system.

We found three clusters in the frontal lobe, however, in 
which greater activation in the depression-only group was 
associated with improved conflict adaptation (i.e., nega-
tive correlation; see Figure 4B). These clusters were lo-
cated in the left superior (x=–22, y=44, z=44; z score=4.89; 
3,776 mm3) and middle (x=–22, y=48, z=12; z score=4.83; 
3,352 mm3) frontal gyri and in the right middle frontal gy-
rus (x=30, y=62, z=14; z score=4.45; 8,080 mm3). These cor-
relations were verified to be independent of outliers and 
remained similarly significant using robust regression (p 
values <0.001).

We next compared mean activation in each of these 
clusters (in the postincongruent incongruent trials minus 
postcongruent incongruent trials contrast) between the 
depression-only group and the combination of the anx-
iety-only and comorbid groups, which failed to adapt to 
emotional conflict. Of the three frontal clusters, only acti-
vation in the left anterior middle frontal gyrus significant-
ly differed between the groups (F=7.08, df=1, 55, p=0.01; 
partial eta-squared=0.114; see Figure 4C), and this differ-
ence remained significant after controlling for individuals’ 
scores on scales of anxiety, depression, or worry (p values 
<0.005). The inset in Figure 4C shows the breakdown by 
trial types of activity in this cluster for the depression-only 
group; the breakdown for the other groups is shown in Fig-
ure S4 in the online data supplement. Finally, we conduct-
ed a mediation analysis to determine whether activation 
in the left anterior middle gyrus cluster statistically me-
diated the relationship between group (depression-only 
group versus anxiety-only and comorbid groups) and abil-
ity to adapt to emotional conflict (reaction time difference 
scores). A significant mediation relationship existed for 
this cluster (with a=predictor-mediator path, b=mediator-
criterion variable path, ab=mediation effect, the following 
values were obtained: a=0.32, p<0.005; b=–28, p<0.001; 
ab=–8.9, p<0.05), and it remained significant after control-
ling for individuals’ scores on scales of anxiety, depres-
sion, or worry (p values <0.05).

d iscu ssion

In this study, we examined implicit regulation of emo-
tional processing in an emotional conflict task in patients 
with generalized anxiety disorder, major depression, or 
both in order to test contrasting conceptualizations of 
these disorders at the behavioral and neural levels. At the 
behavioral level, we found evidence supporting the inde-
pendent-factor model, in which anxiety and depression 
reflect separate and dissociable processes. That is, failure 
to implicitly regulate emotional conflict, indexed through 
reaction time adaptation to emotionally incongruent tri-
als, was perturbed in anxiety and not in depression. This 
effect was specific to incongruent stimuli, as adaptation 
to congruent stimuli was robust and intact in all groups.

progressively less activation in the ventral cingulate (i.e., 
positive correlation) as well as a greater failure to dampen 
amygdala activation (i.e., negative correlation; see arrows 
in Figure 4A). Thus, although participants were better able 
to adapt to emotional conflict, this was associated with 
a more dysfunctional pattern of activation in the regions 
associated with emotional conflict adaptation in healthy 
individuals. By contrast, in the combined anxiety-only 
and comorbid groups, using a small-volume correction 
for the amygdala, we found the opposite (and predicted) 
brain-behavior relationship, in which better adaptation 
was associated with greater dampening of the amygdala 
(x=18, y=2, z=–16; z score=3.53; 128 mm3), indicating that 
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a	In	 panel	 A,	 the	 normally	 negative	 postincongruent	 incongruent	
trial	(iI)	minus	postcongruent	incongruent	trial	(cI)	functional	con-
nectivity	 between	 the	 ventral	 cingulate	 and	 amygdala	 using	 psy-
chophysiological	 interactions	 is	blunted	across	all	patient	groups,	
relative	to	healthy	comparison	subjects.	Panel	B	shows	a	negative	
correlation	between	 iI-cI	activation	differences	 in	 the	ventral	 cin-
gulate	and	the	amygdala,	indicating	that	greater	ventral	cingulate	
activity	was	associated	with	less	amygdala	activity	even	in	the	con-
text	of	overall	activation	abnormalities.
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a	Brain	 activation	 is	 displayed	 with	 whole-brain	 correction	 for	 the	
false	 discovery	 rate	 (q<0.05).	 In	 panel	 A,	 positive	 correlations	 in	
the	 ventral	 cingulate	 and	 negative	 correlations	 in	 the	 amygdala	
(arrows)	suggest	a	greater	deficit	in	these	regions	when	depression-
only	 patients	 show	 better	 reaction	 time	 adaptation.	 In	 panel	 B,	
negative	correlations	 in	the	anterior	 lateral	prefrontal	cortex	sug-
gest	 regulation-related	 recruitment	 of	 this	 region	 with	 improved	
adaptation.	For	reaction	time	difference	scores,	more	negative	in-
dicates	more	adaptation.	Panel	C	(iI=postincongruent	incongruent	
trial;	cI=postcongruent	incongruent	trial)	illustrates	activity	for	the	
left	anterior	middle	frontal	gyrus	cluster	(arrows	in	panel	B)	extract-
ed	for	the	iI-cI	contrast	for	each	group,	as	well	as	separately	for	the	
iI	and	cI	trials	(see	inset)	for	the	depression-only	group;	this	cluster	
is	activated	only	in	the	depression-only	group,	and	this	is	driven	by	
increased	activity	in	iI	trials.	The	figure	shows	that	engagement	of	
compensatory	activation	in	the	anterior	lateral	prefrontal	cortices	
in	the	depression-only	group	is	associated	with	successful	adapta-
tion	to	emotional	conflict	in	this	group.

At the neural level, we found a deficit across all patient 
groups in the circuitry normally associated with emotional 
conflict adaptation—an increase in ventral cingulate activ-
ity and a dampening of amygdala activity during regula-
tion—which supports the common-disorder model. The 
depression-only group, however, compensated for this 
deficit by activating the anterior lateral prefrontal cortex. 
This compensatory activation accounted for the ability of 
the depression-only group to regulate emotional conflict. 
The anxiety-specific independent-factor behavioral deficit 
therefore arose from a common-disorder-related abnor-
mality in the normally used ventral cingulate-amygdala 
circuitry, together with an engagement of compensatory 
lateral prefrontal systems only in nonanxious depression. 
The specificity of this compensation for nonanxious de-
pression is striking and suggests that it may be related to 
aspects of depression not shared with anxiety (e.g., anhe-
donia). Nonetheless, since overall depression levels were 
the same for the depression-only and comorbid groups, the 
mere presence of features of depression unrelated to anxi-
ety was insufficient to result in compensation when anxi-
ety was also present, pointing to a conditional relationship 
between features of depression associated with compensa-
tion and anxiety.

To date, few functional neuroimaging studies have 
compared emotional processing in anxiety and depres-
sion, and none have done so in adults. One recent study 
(51), focusing largely on amygdala activation in adoles-
cents in response to emotionally expressive faces under a 
variety of attentional conditions, found evidence for both 
the common-disorder and independent-factor models, 
which were further moderated by the specific attentional 
demands of the task. A pediatric study (52), using only one 
attentional condition during fearful face viewing, found 
divergent amygdala responses in anxiety and depression. 
As our data illustrate, parallel investigations of multiple 
diagnostic groups provide essential and novel information 
regarding the similarities and differences between disor-
ders, which is not possible through extrapolation from 
published studies on single-disorder cohorts, and which 
may allow a reconceptualization of mental illness along 
dimensions determined by neural and behavioral systems 
rather than complex symptom expression (53).

Our data indicate that even seemingly simple behavioral 
measures are themselves determined by several simulta-
neously operating neural processes, suggesting ultimately 
that an understanding of anxiety and depression must 
consider these multiple “layers” of abnormalities that to-
gether drive a more complex outcome measure, such as 
symptoms or diagnosis. One of these neural layers is the 
shared deficit in ventral cingulate-amygdala activation and 
functional connectivity. In light of the findings that anxiety 
and depression share similar genetic risk factors (9, 10), 
which may be an important aspect of their similarity (5), 
it is noteworthy that several lines of genetic risk investiga-
tions also converge on ventral cingulate-amygdala chang-
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This compensation did not appear to affect that group’s 
performance in this task, and thus it may have functional 
consequences only when participants process or regulate 
emotion explicitly, akin perhaps to the attention-demand-
ing process of worry.

Together, our findings bring to greater relief the idea 
that most, if not all, psychiatric disorders, having their 
origins years before symptom expression, likely reflect a 
complex interplay between core deficits and compensa-
tory systems. A more comprehensive understanding of 
anxiety and depression in that light will require testing the 
same subjects in multiple tasks that systematically probe 
implicit and explicit emotional processes, include longi-
tudinal designs or samples across the lifespan whenever 
possible, and examine the influences of treatment, in or-
der to determine what the consequences of core deficits 
are and to identify the functional consequences of com-
pensation. Doing so may in turn inform our understand-
ing of the etiology of these disorders and the routes for 
improving their treatment.

Finally, alternative conceptualizations of anxiety and 
depressive psychopathology have called for use of a di-
mensional, instead of a categorical, diagnostic approach 
(40, 41). As noted, all of our key category-based behav-
ioral findings were independent of individual differences 
in symptom scale scores, which suggests that these com-
monly used questionnaires do not adequately capture the 
behavioral dissociation of anxiety and depression in our 
task, despite the fact that symptom measures can discrim-
inate between groups (Table 1). Moreover, we suggest that 
dimensional measures of complex symptoms may provide 
only limited insight into the nature of psychopathology 
given the complex layering of deficits and compensations 
at the neural level, as illustrated in our data.

Several limitations of this study are also important to 
note. First, this was a cross-sectional study, and thus it is 
impossible to determine whether symptom changes over 
time may be associated with dynamic changes, for exam-
ple, in anterior prefrontal activation. This might mean that 
loss of compensation may result in comorbidity or that 
enhancements in compensation may lead to lessening of 
anxiety in the context of depression. Further longitudinal 
imaging will be required to test this hypothesis. Second, we 
did not include in this study patients taking medications. 
While this likely means that we excluded the more severe 
cases, inclusion of medicated patients would significantly 
confound brain activation results, as medications for anxi-
ety and depression alter brain activation in precisely the 
regions under study. Finally, it might be argued that the 
intact adaptation in the depression-only group is related 
to these individuals being less ill or the stimuli being more 
anxiety- than depression-relevant. However, we find these 
alternative explanations to be unlikely. The depression-
only group was more depressed (but less anxious) than the 
anxiety-only group and had similar scores on the State-
Trait Anxiety Inventory, the Beck Depression Inventory, 

es. Polymorphisms in the serotonin transporter gene, for 
example, have been associated with an elevated risk for de-
pression through an interaction with negative life events 
(54), are related to the general negative affectivity factor of 
neuroticism (55), and result in differences in amygdala and 
cingulate activation, structure, and connectivity (56–59). 
Similar findings have been reported for polymorphisms in 
other genes involved in serotonin biosynthesis or signal-
ing, as well as other monoaminergic genes, such as the 
monoamine oxidase A gene, as well as neurotrophins, such 
as brain-derived neurotrophic factor (59–62). Individuals 
who are at risk for depression by virtue of a family history 
of depression also show abnormalities in amygdala and 
cingulate activation (63, 64). Finally, a recent structural 
imaging study (65) of patients with depression, a mixture 
of anxiety disorders, or comorbid depression and anxiety 
disorders found common-disorder volumetric reductions 
across all groups in an anterior cingulate region near our 
ventral cingulate cluster, although the functional conse-
quences of these abnormalities were unknown because of 
the nature of structural imaging.

Despite this common ventral cingulate-amygdala defi-
cit, the depression-only group was able to compensate, 
activating the anterior lateral prefrontal cortices and 
adapting to emotional conflict. A recent neuroimaging 
meta-analysis (66) found that these prefrontal regions 
were very likely to coactivate with a canonical fronto-
parietal executive control network across a wide range 
of cognitive tasks. Aberrant engagement of this cognitive 
control system suggests that depression-only participants 
were somehow able to adapt by using a different neural 
strategy. Indeed, the surprising relationship between ven-
tral cingulate-amygdala activation and adaptation in the 
depression-only group (better adaptation associated with 
more neural dysfunction) suggests that compensatory cir-
cuitry was engaged at the expense of the normal pathway 
implicated in adaptation, possibly because the two may 
normally be in competition. This is striking for several 
reasons. First, it suggests that intact performance in this 
task can be achieved despite abnormalities in the core 
circuitry implicated in conflict adaptation and thus that 
improvements in performance (e.g., as a consequence of 
treatment) need not necessarily operate by reversing the 
baseline deficit. Second, although not formally addressed 
in these patients, we have reported (23) that participants 
are unaware of the conflict adaptation effect, indicating 
that it is an implicit process. Thus, the ability of depressed 
patients to adapt likely reflects operation of an implicit 
compensatory process (lateral prefrontal activation). 
These findings also deepen our understanding of implicit 
emotion regulation and further emphasize the impor-
tance of understanding these processes for investigating 
psychopathology. In parallel with the present study, we 
also recently reported compensatory coupling of lateral 
prefrontal regions with the amygdala in patients with gen-
eralized anxiety disorder using resting-state imaging (67). 
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