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Default-Mode and Task-Positive Network Activity in
Major Depressive Disorder: Implications for Adaptive
and Maladaptive Rumination
J. Paul Hamilton, Daniella J. Furman, Catie Chang, Moriah E. Thomason, Emily Dennis, and Ian H. Gotlib

Background: Major depressive disorder (MDD) has been associated reliably with ruminative responding; this kind of responding is
composed of both maladaptive and adaptive components. Levels of activity in the default-mode network (DMN) relative to the task-positive
network (TPN), as well as activity in structures that influence DMN and TPN functioning, may represent important neural substrates of
maladaptive and adaptive rumination in MDD.

Methods: We used a unique metric to estimate DMN dominance over TPN from blood oxygenation level-dependent data collected during
eyes-closed rest in 17 currently depressed and 17 never-disordered adults. We calculated correlations between this metric of DMN
dominance over TPN and the depressive, brooding, and reflective subscales of the Ruminative Responses Scale, correcting for associations
between these measures both with one another and with severity of depression. Finally, we estimated and compared across groups right
fronto-insular cortex (RFIC) response during initiations of ascent in DMN and in TPN activity.

Results: In the MDD participants, increasing levels of DMN dominance were associated with higher levels of maladaptive, depressive
rumination and lower levels of adaptive, reflective rumination. Moreover, our RFIC state-change analysis showed increased RFIC activation
in the MDD participants at the onset of increases in TPN activity; conversely, healthy control participants exhibited increased RFIC response
at the onset of increases in DMN activity.

Conclusions: These findings support a formulation in which the DMN undergirds representation of negative, self-referential information in

depression, and the RFIC, when prompted by increased levels of DMN activity, initiates an adaptive engagement of the TPN.
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R uminative responding in major depressive disorder (MDD) is
defined as a recurrent, self-reflective, and unintentional fo-
cus on depressive symptomatology and its causes and con-

equences (1,2). A ruminative response style has been found to
redict higher levels of depressive symptoms in depressed individ-
als (3), perhaps because of disrupted allocation of cognitive re-
ources and increased recall and rehearsal of negative life events
4). While ruminative responding has been shown, in general, to be

aladaptive in MDD, recent conceptualizations suggest that de-
ressive rumination is a multidimensional construct with both
daptive and maladaptive components (5,6). Investigators using
orrelational and principal components analyses of the Ruminative
esponses Scale (RRS) (7), a frequently used self-report measure of
umination, have identified three types of items in this measure:
epression-related items (RRS-D, e.g., “How often do you think
bout how you don’t seem to feel anything anymore?”); items as-
ociated with brooding (RRS-B, e.g., “How often do you think, ‘Why
o I have problems other people don’t have?’”); and items associ-
ted with self-reflection (RRS-R, e.g., “How often do you write down
hat you are thinking and analyze it?”) (8). Treynor et al. (8, p. 256)
ote that whereas the cognitions represented in the RRS-D and
RS-B subscales are “a passive comparison of one’s current situa-
ion with some unachieved standard,” items from the RRS-R sub-
cale reflect opposing processes that entail more agency and adap-
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ive focus and have been construed as “a purposeful turning inward
o engage in cognitive problem solving to alleviate one’s depres-
ive symptoms.” Consistent with these interpretations, while de-
ressed persons generally endorse more items from all three RRS
ubscales than do nondepressed control subjects, scores on the
RS-R subscale (but not the other subscales) have been found to be
ssociated with lower levels of depressive symptoms at follow-up
8), whereas high scores on the RRS-B (but not on the RRS-R) sub-
cale have been found to be associated with a maladaptive atten-
ional bias to negative stimuli in MDD (9).

Although the neural substrates of adaptive versus maladaptive
umination in depression have not been examined, recent work
emonstrating an intrinsic functional organization in the brain sug-
ests an intriguing neural substrate of ruminative responding in
DD. Analyses of resting state and task paradigm blood oxygen-

tion level-dependent (BOLD) data have revealed macroscale func-
ional organization in the brain composed of two spatially distinct
nd anticorrelated networks: the default-mode network (DMN) and
he task-positive network (TPN) (10,11). During performance of at-
ention-demanding tasks, prefrontal and parietal structures com-
rising the TPN are characterized by increases in activation; in con-

rast, DMN structures, including posterior cingulate and medial
refrontal cortices, are characterized by decreased activity. During
akeful rest, the opposite pattern emerges, with the DMN becom-

ng more active and the TPN less active (12).
Of particular relevance to the investigation of adaptive and mal-

daptive rumination in MDD, the DMN has been proposed to un-
ergird passive, self-relational processing (e.g., autobiographical

ecall, prospection (13), whereas the TPN has been postulated to
ubserve active cognitive processing (e.g., executive control, atten-
ion, and working memory) (11). Given the evidence cited above
hat ruminative responding in MDD may involve passive and mal-
daptive as well as active and adaptive processes, examining the

elation of DMN versus TPN functioning with ruminative respond-
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ing in MDD may help to advance neural theory of this disorder.
Indeed, a body of research documenting aberrant responding of
components of the DMN (14-16) and of the TPN (17,18) in MDD
underscores the importance of examining the interaction of these
two systems in this disorder.

Examining responding of the right fronto-insular cortex (RFIC) in
the context of assessing DMN-TPN interactions in MDD is important
for several reasons. First, recent work implicates this structure in
switching between states of relative dominance of the DMN and
TPN (19). Moreover, this neural structure has been posited to be
involved in awareness of emotion (20) and, more specifically, in
interoceptive error detection, that is, in signaling a discrepancy
between actual and desired somatic states (21). Further, increased
insula activation both at resting-state baseline (22) and in response
to affective challenge (23) has been reported in MDD, but its role in
the pathophysiology of this disorder is not known. To the extent
that states of relative TPN and DMN dominance represent desired
or undesired somatic states in depression, examining RFIC respond-
ing during switching between TPN and DMN dominance should
advance our understanding of the role of anomalous insula activa-
tion in MDD.

In the present study, we computed relative levels of DMN and
TPN activity in depressed and never-disordered persons and exam-
ined the associations of DMN versus TPN activation (henceforth
referred to as DMN dominance) with trait measures of maladaptive
and adaptive rumination. Because our metric of DMN dominance,
presented below, indexes levels of passive, self-relational thinking
relative to effortful cognition, we hypothesized that depressed in-
dividuals would show increased DMN dominance and that in-
creased DMN dominance in MDD would be associated with
increased levels of maladaptive rumination and decreased levels of
adaptive rumination. In addition, we measured activation in the
RFIC during the initiation of states of DMN and of TPN dominance in
depressed and nondepressed participants. We hypothesized that
depressed persons would recruit the RFIC to a greater extent than
would never-disordered individuals at the initiation of states of
relative TPN dominance over DMN.

Methods and Materials

Participants
Seventeen adults diagnosed with MDD and 17 control (CTL)

participants with no history of any DSM-IV psychiatric disorder par-
ticipated in this study. All depressed participants met criteria for a
DSM-IV diagnosis of MDD based on their responses to the Struc-
tured Clinical Interview for DSM-III-R Personality Disorders (24) as
administered by trained diagnostic staff; none of the CTL partici-
pants met diagnostic criteria for any current or past Axis I disorder.
Depressed individuals taking psychotropic medications at the time
of the study or who met criteria for a current, comorbid diagnosis of
any Axis I disorder, with the exception of social anxiety disorder,
were not included in the study; depressed individuals with past, but
not current, generalized anxiety disorder were included in the
study. Participants completed the Beck Depression Inventory-II
(BDI-II) (25), the Hamilton Depression Rating Scale (HAM-D) (26),
and the RRS (7). The BDI-II and HAM-D are frequently used and well
validated self-report measures of the severity of depressive symp-
toms. The RRS, described above, is a 22-item, self-report measure of
self-focused rumination about depressive mood and its causes and
consequences. After a complete description of the study was pre-

sented to the participants, written informed consent was obtained.

www.sobp.org/journal
rocedure
Functional magnetic resonance imaging (fMRI) data acquisition

arameters were the same as those from a previous study (27)
xcept that 29 axially prescribed slices of BOLD data were acquired
ver 180 temporal frames (NFRAMES) using a repetition time of
000 msec/frame. Further, 11 of 17 depressed persons and 2 of 17
ontrol subjects were scanned both in the previous study and in the
urrent study. We present fMRI data preprocessing procedures in
ection 1 of Supplement 1.

nalyses
Identifying and Comparing Between Groups the DMN and

PN. For each participant, we identified the DMN and TPN using a
rocedure adapted from Fox et al. (11). For details, please see Sec-

ion 2 of Supplement 1. Two binary (1, 0) mask images were created
or each participant: one of the DMN and the other of the TPN. To
erify the effectiveness of the procedure we used to identify the
MN and TPN, we used these binary masks to create voxel-wise

requency maps depicting for each group the number of subjects
or which each voxel belonged to the DMN or the TPN. We then
onducted voxel-wise, between-group, chi-square analyses (p �

05, corrected) on these masks to examine regions in which the
DD and CTL groups differed with respect to the spatial extent of
MN or TPN maps, so that we could exclude these regions from

ubsequent analyses.
Operationalizing DMN Dominance over TPN. To compute

he extent to which levels of DMN activity exceeded TPN activity
ver the course of the resting scan, we first extracted from each
articipant’s DMN and TPN masks average, preprocessed, and noise
ovariate corrected time-series data (see Section 2, Step 1 in Sup-
lement 1 for details regarding our noise covariate correction pro-
edure), excluding those regions in which depressed and control
articipants differed with respect to the spatial extent of DMN or
PN.1 We then constructed an NFRAMES-long vector that was as-
igned a value of 1 for temporal frames for which DMN BOLD was
reater than TPN BOLD and a value of �1 for temporal frames for
hich TPN BOLD was greater than DMN BOLD. We summed this

ector to produce an index of DMN dominance over TPN. This
rocedure is illustrated in Figure 1A. Finally, we compared the DMN
ominance measure between groups (p � .05, one-tailed, given a
riori prediction of increased DMN dominance in MDD relative to
TL participants). We used this novel, fMRI-based approach, instead
f comparing DMN and TPN activity using brain-blood perfusion
canning methods, because we wanted to identify and compare on
per-subject basis the parts of the TPN and DMN that were most

trongly anticorrelated with each other (i.e., that were in the great-
st competition with each other). Given the respective roles of the
MN and TPN in self-reflection and effortful cognition, identifying
nd comparing the parts of these networks at greatest apparent
dds would seem to have the greatest bearing on understanding
pposing ruminative processes indexed by the RRS-D and RRS-R.
ote, further, that our approach assumes that increased duration of

elative DMN/TPN dominance supports elevated levels of the func-
ions supported by these networks. Supporting this assumption,
ther studies have found BOLD signal duration to be associated

As an additional precaution, we calculated the total number of voxels
comprising, and the center of mass of, the TPN and DMN for each
participant and examined group differences in these indexes. The MDD
and CTL groups did not differ in the x, y, and z extents of the TPN and
DMN (all p � .10). The two groups also did not differ with respect to the
size of the TPN and DMN (p � .10). In neither the MDD nor the CTL group
did the size of the TPN or the DMN correlate with measures of TPN

dominance or of rumination (all p � .10).
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with ruminative tendencies in depressed persons (28) and to distin-
guish groups at high risk for depression from groups at low risk for
depression (29).

Correlating DMN Dominance over TPN with Rumination. We
took a data-driven approach in examining the association between
DMN dominance and rumination in depressed and never-disor-
dered persons. Specifically, we determined from the pattern of
correlations among the measure of DMN dominance, the three
subscales of the RRS, and the BDI-II (Table 1) the factors we needed
to account for to determine the associations between unique as-
pects of the RRS subscales and DMN dominance in each group.

First, the correlational data indicate that rumination, as indexed
by the RRS, is a unitary construct in the control group (all interscale

Figure 1. (A) Depiction using actual data of procedure for calculating defau
of onset vectors (red) for DMN (B) and TPN (C) in the context of TPN (green)

Table 1. Group-Wise Correlation Matrix of Neural and Behavioral
Variables

TNP Dom RRS-D RRS-B RRS-R BDI-II

TNP Dom .1d .25d .11d �.09d

RRS-D �.61a,c .88a,d .74a,d .47a,d

RRS-B �.24c .39b,c .63a,d .48a,d

RRS-R .58a,c �.33c .2c .29d

BDI-II �.5a,c .66a,c .36b,c �.03c

BDI-II, Beck Depression Inventory-II; Dom, dominance; RRS-B, Rumina-
tive Responses Scale-Brooding; RRS-D, Ruminative Responses Scale-Depres-
sion; RRS-R, Ruminative Responses Scale-Reflection; TNP, task-positive
network.

aSignificant (p � .05, one-tailed) effects.
bMarginally significant (.10 � p � .05, one-tailed) effects.
c

t
Major depressive disorder.

dControl.
� .6; p � .05) but not in the depressed group (all interscale r � .4;
� .05). Consequently, in the control group, but not in the de-

ressed group, we conducted analyses on an aggregate RRS index
omputed as the mean of the three RRS subscales. Second, the data

ndicate that in the depressed group there is significant correlation
etween the RRS-D and BDI-II, a marginally significant correlation
etween the RRS-D and RRS-B, and a significant correlation be-

ween DMN dominance and the BDI-II. Thus, in examining the asso-
iation between unique features of the RRS-D and DMN dominance

n MDD, we first regressed out associations of the RRS-D with the
DI-II and RRS-B and the association between DMN dominance and
he BDI-II. Third, in calculating the correlation between unique fea-
ures of the RRS-B and DMN dominance in MDD, we factored out

arginally significant associations of the RRS-B with the RRS-D and
DI-II, as well as the relation between DMN dominance and the
DI-II. Finally, because there was a marginally significant correlation
etween the RRS aggregate score and BDI-II in the control group

r � .40; p � .06), we regressed BDI-II effects from the RRS aggregate
core before correlating the RRS with DMN dominance in control
ubjects.

As an additional precaution, we addressed the potential impact
f outlier effects by subjecting significant correlations between
ppropriately residualized variables to a procedure in which indi-
idual cases were iteratively excluded from the correlation calcula-
ion; a given correlation was considered significant only if it re-

ained significant at a noncorrected threshold when individual
ases were excluded from the calculation. Finally, to keep the pos-
ibility of family-wise type I error at p � .05, we used the Holm-
onferroni correction (30) to adjust the significance threshold for

de network (DMN) dominance over task-positive network (TPN). Examples
DMN (blue) time-series data.
lt-mo
he four correlation calculations (DMN dominance with RRS-D,

www.sobp.org/journal
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RRS-B, and RRS-R in the depressed group and DMN dominance with
RRS in the control group).

State-Change Analysis of Right Fronto-Insular Cortex. We
stimated activation in the RFIC, both at initiations of ascent in DMN
ctivity and at initiations of ascent in TPN activity. To do this, we
onstructed delta-function vectors for each participant corre-
ponding to DMN and to TPN onset and regressed these vectors
gainst preprocessed time-series data from voxels within the RFIC.
he DMN onset vector was a vector of length NFRAMES that was
ssigned a value of 1 for temporal frames at which there was a
rough in the DMN time series (i.e., at the initiation of a subsequent
MN ascent) that corresponded—within �2 repetition times—to a
eak in the TPN time series (i.e., at the initiation of a subsequent TPN
escent); we made this correspondence a criterion to ensure that
scents in the DMN time series were meaningful in terms of their

mplications for the DMN-TPN system. The DMN onset vector was
ssigned a value of 0 for all temporal frames that did not meet both
riteria. Similarly, the TPN onset vector was assigned a value of 1 for
emporal frames that corresponded to the beginning of TPN ascent
nd DMN descent and a value of 0 otherwise. Detection of troughs
nd peaks in the DMN and TPN time series was performed with a
onderivative-based algorithm (http://billauer.co.il/peakdet.html;
ational Institutes of Health, Bethesda, Maryland) implemented in

Table 2. Participant Demographic and Clinical Characteristics

Control Depressed

ge 41.94 (2.44) 45.06 (2.83)
emale:Male Ratio 10:7 10:7
RS-Depression Relateda 1.38 (.10) 3.81 (.12)

RRS-Broodinga 1.55 (.14) 2.96 (.14)
RRS-Reflectiona 1.56 (.16) 2.59 (.17)
Hamilton Depression Rating Scalea 1.94 (.47) 16.65 (.97)
Back Depression Inventory-II 2.06 (.75) 34.76 (2.30)

RRS, Ruminative Responses Scale.
ap � .05; Mean and SE (standard error of the mean) reported where

ppropriate.

Table 3. Demographic and Clinical Characteristics o

Case Age Sex HAM-D BDI-II
Nu

Depress

1 43 F 18 39
2 44 F 11 36
3 33 F 18 33
4 59 F 20 42
5 47 F 17 39
6 49 M 18 29
7 50 F 21 44
8 54 F 22 46
9 55 M 14 19

10 53 F 16 34
11 46 F 11 23
12 33 M 14 23
13 24 F 17 39
14 18 M 10 36
15 51 M 13 18
16 58 M 19 41
17 49 M 24 50

Note: Neither dividing the depressed sample acc
nor dividing the sample according to the presence
yielded a significant effect of anxiety or any of the ne
BDI-II, Back Depression Inventory-II; F, female; HAM-D
social anxiety disorder; U, undetermined or too many to c

www.sobp.org/journal
ATLAB (http://www.mathworks.com; Mathworks, Natick, Massa-
husetts). Examples of DMN and TPN onset vectors are shown in
igures 1B and 1C, respectively. These onset vectors were con-
olved with the AFNI gamma-function model of the hemodynamic
esponse and entered into a voxel-wise regression against prepro-
essed voxel time-series data from the RFIC. The RFIC region of

nterest consisted of the Talairach-defined right insula anterior to y
0 and the part of the right inferior frontal gyrus bounded by the

ox described by 27 � x � 48, 0 � y � 28, and �19 � z � 15. This
egression included the same noise covariates that were used in the
egression for identifying the DMN and the TPN. To address in our
egression the possibility that the convolved TPN onset function
imply aliased the TPN-averaged time series—which could be the
ase if TPN fluctuations were of the same duration as the hemody-
amic response—we also included in the regression the TPN-aver-
ged time series and its first derivative as noise covariates. It was not
ecessary to include the DMN-averaged time series in this regres-
ion because of its high collinearity in all participants with the
PN-averaged time series. The resulting fit coefficients from this
egression were entered into a voxel-wise, mixed-model analysis of
ariance with one between-subjects factor (group: MDD, CTL) and
ne within-subject factor (network: DMN onset, TPN onset). We
xamined the interaction of group and network in the RFIC (p � .05,
orrected) to identify voxels that showed differential activity during
nset of DMN versus onset of TPN as a function of diagnostic group.

esults

emographic and Clinical Variables
Demographic and clinical characteristics of the depressed and

ondepressed participants are presented in Table 2; case-by-case
emographic and clinical data for participants in the MDD group
re presented in Table 3. The two groups of participants did
ot differ significantly in age, t (32) � .84, or gender composition,
2(32) � .0, both p � .10. As expected, the depressed participants
ad higher scores on the BDI-II, HAM-D, RRS-D, RRS-B, and RRS-R

ressed Sample

of
isodes

Duration (Months) of
Current Episode Comorbidities

4 None
12 None

7 None
54 Current SAD
12 None
16 Current SAD

1 Past SAD
12 Current SAD

6 Past SAD
4 Past SAD
4 Current SAD

180 Current SAD
168 Current SAD

1 None
244 None
143 None

2 Current SAD

g to the presence of a concurrent diagnosis of SAD
oncurrent or past diagnosis of any anxiety disorder
variables measured in this study: ps � .10.
f Dep

mber
ive Ep

4
5

11
U
U

24
U
U
2
U
U
1
1
U
1
U
U

ordin
of a c

ural

, Hamilton Depression Rating Scale; M, male; SAD,

orrectly recall.

http://billauer.co.il/peakdet.html
http://www.mathworks.com
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than did the nondepressed participants, t (32) � 13.53, 13.65, 11.05,
7.01, and 4.31, respectively, all p � .05.

Spatial Extent of DMN and TPN in the Depressed and
Nondepressed Groups

Maps summarizing the spatial extent of DMN and TPN in the
MDD and CTL groups are presented in Figure 2A. The MDD and CTL
participants did not differ with respect to the spatial extent of the
DMN; however, we observed in the TPN in the MDD group a greater
extent of the right fronto-insular cortex (center of mass � 32, 11,
�5; k � 54 voxels) (Figure 2B).

DMN Dominance over TPN and Its Association with
Rumination

Major depressive disorder and CTL participants did not differ
with respect to dominance of DMN over TPN, t (32) � 1.49, p � .10.
In the MDD group, correlating appropriately residualized subscales
of the RRS with our measure of DMN dominance indicated that
greater DMN dominance was significantly associated with higher
RRS-D scores, r(15) � .48, p � .026 (marginally significant, given
Holm-Bonferroni criterion of p � .016), and with lower RRS-R scores,
r(15) � �.65, p � .002 (less than Holm-Bonferroni criterion of p �
.013) (Figure 3). Importantly, both of these correlations remained
significant after excluding single cases (Figure S2 in Supplement 1).
The RRS-B scores were not correlated significantly with level of
DMN dominance in the MDD group, r(15) � �.22, p � .10. In the CTL
group, the residualized RRS measure was not significantly corre-
lated with DMN dominance, r(15) � .03; p � .10.

State-Change Analysis of Right Fronto-Insular Cortex
The two-way (group repeated over network) analysis of variance

conducted on voxels comprising the RFIC identified a region (cen-
ter of mass � 40, 21, 6; k � 73 voxels; no overlap was observed
between this region and the region identified in the spatial extent
analysis) that responded differentially at the onset of increases in
DMN and TPN activity as a function of diagnostic group (see Figure
4A for a statistical map of this interaction). As shown in Figure 4B,
whereas during the initiation of a rise in TPN activity the RFIC
showed increased activation in MDD but not in CTL participants,
during the initiation of a rise in DMN activity this region showed
increased activation in CTL but not in MDD participants. See Table
S1 in Supplement 1 for results obtained when this same analysis
was conducted at the whole-brain level.

Discussion

In the present study, we examined the relative dominance of
DMN over TPN and its association with adaptive and maladaptive
rumination in major depression. In addition, we examined RFIC
responding during initiations of ascent in the DMN and the TPN in
depressed and in never-disordered participants. We found that
increasing levels of DMN dominance in depression were associated

with higher levels of maladaptive, depressive rumination and lower

p
m

evels of adaptive, reflective rumination. Further, our RFIC state-
hange analysis showed that, relative to healthy control partici-
ants, depressed participants showed increased RFIC activation at

he onset of increases in TPN activity (and decreases in DMN activ-
ty); in contrast, healthy control participants exhibited increased
FIC response at the onset of increases in DMN activity (and de-
reases in TPN activity).

These findings support a formulation in which the neural system
omposed of the DMN and TPN performs similar operations in
epressed and nondepressed persons but does so based on mark-
dly different information. It is important to note that the predic-
ion of maladaptive and adaptive rumination by individual differ-
nces in relative levels of DMN and TPN activity in depression is
onsistent with recent functional characterizations of the DMN and
PN derived from research with nondepressed samples. For exam-
le, we found in MDD that greater dominance of DMN—a network

hat subserves passive, self-relational processes such as recall of

Figure 2. (A) Frequency maps for default-mode network
(cool colors) and task-positive network (warm colors) de-
rived from regression-defined masks for individuals in
major depressive disorder and control groups. (B) Chi-
square statistic map showing increased frequency of in-
clusion of right fronto-insular cortex in the task-positive
network in the major depressive disorder group. CTL, con-
trol; MDD, major depressive disorder.

igure 3. Negative correlation of default-mode network dominance with
uminative Responses Scale-Reflection (top) and positive correlation of
efault-mode network dominance with Ruminative Responses Scale-De-

ression (bottom) in the major depressive disorder group. DMN, default-
ode network; RRS, Ruminative Responses Scale; TR, repetition time.

www.sobp.org/journal
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autobiographical memories (13) and mind wandering (31)—was
associated with higher levels of less effortful, maladaptive, depres-
sive rumination (RRS-D, e.g., “How often do you think about all your
shortcomings, failings, faults, mistakes?”). Symmetrically, we also
found in MDD that greater dominance of TPN—a network that is
active during performance of cognitively demanding tasks that
recruit executive control and working memory resources (11)—was
associated with higher levels of effortful, reflective processing
(RRS-R; e.g., “How often do you analyze your personality to try to

Figure 4. (A) Region in right fronto-insular cortex of significant network-by-
roup interaction. (B) Impulse response functions from region in (A) as a

unction of network onset and group. CTL, control; DMN, default-mode
etwork; MDD, major depressive disorder; TPN, task-positive network; TR,

epetition time.
understand why you are depressed?”). r
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Our RFIC state-change analysis showed a double dissociation in
FIC response at the onset of increases in TPN (and decreases in
MN) activity and at the onset of increases in DMN (and decreases

n TPN) activity: whereas depressed participants activated the RFIC
t TPN troughs (DMN peaks) but not at DMN troughs (TPN peaks),
ontrol participants activated RFIC at DMN troughs (TPN peaks) but
ot at TPN troughs (DMN peaks). Given that the RFIC plays a role in
witching between states of relative dominance of DMN and TPN
19) and that its role in interoceptive awareness (20) enables it to
etect discrepancies between desired and actual somatic states

21), the present findings also support the hypothesis that the DMN
nd TPN are operating on different information in depressed and
ondepressed individuals. If the RFIC monitors for the presence of
ndesired bodily states (21) and, as we contend, the DMN supports
resumably undesired negative information in MDD, then the RFIC
hould initiate a DMN-TPN state-change call when a peak in DMN
ctivity occurs, potentially enacting TPN-based affect regulatory
echanisms. Indeed, this is the pattern of results obtained in this

tudy.
It is important to consider that, while our interpretation of our

FIC state-change findings links the literature concerning the role
f the RFIC in both DMN-TPN dominance switching (19) and intero-
eptive awareness (20), these findings cannot speak to whether the
FIC initiates DMN-TPN state change. Indeed, the present findings
re explained equally well by a formulation that, by virtue of its role

n interoceptive awareness (20), the RFIC responds to the initiation
f TPN dominance in MDD, perhaps reflecting the salience of this
witch. The fact that we obtained the opposite pattern of RFIC
esponding in healthy control subjects—the RFIC was engaged
uring TPN peaks (DMN troughs)—is intriguing and may be ex-
lained by recent conceptualizations of the DMN as central to pos-

tive, creative processes in psychologically healthy persons (32).
hus, in healthy individuals, the RFIC may initiate a call to disengage
rom more typical analytical processing and engage in more cre-
tive DMN-mediated thought. Of course, it is also plausible that in
ealthy control subjects increased RFIC responding serves simply

o mark the onset of DMN dominance.
It is important to note that a primary neural variable used in this

tudy, the metric of DMN dominance over TPN, is novel and in-
olves interpreting relative BOLD signal values that can be influ-
nced by factors not related to neural activity. While the strong
ositive correlation of our measure of DMN dominance with ante-

ior insula responding during initiations of ascent in DMN activity
erves as preliminary validation of our metric of DMN dominance
see Section 3: Validation of our metric of DMN dominance, in
upplement 1), this metric nevertheless requires more direct vali-
ation. Additional research examining the relation of our measure
f DMN dominance with cross-network comparisons from methods

hat provide more direct estimates of brain metabolism (e.g., posi-
ron emission tomography) is required to strengthen the conclu-
ions that can be drawn about the precise meaning of our metric of
MN dominance.

We should also note that we used trait measures of rumination
n this study. Participants were not queried during the resting-state
can about whether they were ruminating or about the content of
ossible rumination. We took this approach both because rumina-

ion is a reliable phenomenon in depression and because we did
ot want to interfere with either the process of rumination or with
PN-DMN dynamics by probing participants during the resting
can. We note further that, while our findings relating DMN domi-
ance to measures of rumination in MDD are consistent with cur-
ent conceptions of DMN and TPN function, these findings are
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nonetheless correlational and, consequently, may be mediated by
one or more unmeasured variables.

The present study provides unique insights about the relation
between the intrinsic functional organization of the brain and
adaptive and maladaptive rumination in depression. The data pre-
sented here support a formulation in which the DMN supports
representation of negative, self-referential information in depres-
sion, and when prompted by increased levels of DMN activity, the
RFIC initiates an adaptive engagement of the resources of the TPN.
Future work examining the relation between DMN-TPN dynamics
and rumination in MDD may benefit from using retrospective ques-
tionnaires or experience sampling to measure the presence and
quality of rumination during scanning.
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