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Abstract
Importance—The default mode network (DMN) is a collection of brain regions that reliably
deactivate during goal-directed behaviors and is more active during a baseline, or so-called
resting, condition. Coherence of neural activity, or functional connectivity, within the brain’s
DMN is increased in major depressive disorder relative to healthy control (HC) subjects; however,
whether similar abnormalities are present in persons with dysthymic disorder (DD) is unknown.
Moreover, the effect of antidepressant medications on DMN connectivity in patients with DD is
also unknown.

Objective—To use resting-state functional-connectivity magnetic resonance imaging (MRI) to
study (1) the functional connectivity of the DMN in subjects with DD vs HC participants and (2)
the effects of antidepressant therapy on DMN connectivity.

Design—After collecting baseline MRI scans from subjects with DD and HC participants, we
enrolled the participants with DD into a 10-week prospective, double-blind, placebo-controlled
trial of duloxetine and collected MRI scans again at the conclusion of the study. Enrollment
occurred between 2007 and 2011.

Setting—University research institute.

Participants—Volunteer sample of 41 subjects with DD and 25 HC participants aged 18 to 53
years. Control subjects were group matched to patients with DD by age and sex.

Main Outcome Measures—We used resting-state functional-connectivity MRI to measure the
functional connectivity of the brain’s DMN in persons with DD compared with HC subjects, and
we examined the effects of treatment with duloxetine vs placebo on DMN connectivity.

Results—Of the 41 subjects with DD, 32 completed the clinical trial and MRI scans, along with
the 25 HC participants. At baseline, we found that the coherence of neural activity within the
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brain’s DMN was greater in persons with DD compared with HC subjects. Following a 10-week
clinical trial, we found that treatment with duloxetine, but not placebo, normalized DMN
connectivity.

Conclusions and Relevance—The baseline imaging findings are consistent with those found
in patients with major depressive disorder and suggest that increased connectivity within the DMN
may be important in the pathophysiology of both acute and chronic manifestations of depressive
illness. The normalization of DMN connectivity following antidepressant treatment suggests an
important causal pathway through which antidepressants may reduce depression.

Dysthymic disorder (DD) is debilitating and common, affecting 2.5% to 5% of the US
population.1 Patients often struggle with significant functional impairments including
unemployment, high health care use, and the use of entitlements such as Supplemental
Security Income/Social Security Disability.2 As with major depression, effective treatments
are available for DD, yet up to half of depressed patients either do not respond or drop out of
treatment prematurely.3 More effective treatments with fewer adverse effects are sorely
needed. However, the development of better treatments is impeded by at least 2 principal
knowledge gaps: (1) limited understanding of the pathophysiology of DD and (2)
incomplete knowledge of the causal mechanisms by which existing interventions are
effective.

To our knowledge, only 3 prior studies have used magnetic resonance imaging (MRI) to
study patients with a primary diagnosis of dysthymia,4–6 contrasting with the numerous
neuroimaging studies of major depressive disorder (MDD).7–11 Moreover, these studies
were limited by small and/or heterogeneous samples. Regarding treatment, firstline agents
for depressive illnesses include selective serotonin reuptake inhibitors and serotonin and
norepinephrine reuptake inhibitors. The neurochemical effect of these agents is well
described—they constrain the uptake of monoamines at the synaptic cleft—yet, the
mechanism by which this neurochemical effect leads to salutary, clinical effects is poorly
understood.

We aimed to investigate (1) the pathophysiology of DD and (2) causal mechanisms by
which antidepressants are effective in treating DD. We did this by collecting resting-state
(RS) functional-connectivity (FC) MRI scans in a population of adults with DD before and
after treatment in a double-blind, placebo-controlled trial of duloxetine, a serotonin and
norepinephrine reuptake inhibitor. We focused on the brain’s default mode network (DMN),
a collection of brain regions that reliably deactivate during goal-directed behaviors.12 Neural
activity in one brain region within the DMN strongly correlates over time with activity in
other brain regions within the DMN. We used RS-FC MRI to examine these interregional
functional connections13 in the DMN in persons with DD for 3 principal reasons. First, the
DMN is thought to underlie the mental process of introspection—the mind turning inward as
it moves away from externally focused thoughts. Because excessive introspection in the
form of rumination is a well-described feature of depression in general and of dysthymia in
particular,14,15 we hypothesized that the functional architecture of the DMN might be
altered in dysthymia.16 Second, because prior studies have described abnormal function and
connectivity of the DMN in adults with MDD,7,17 we aimed to determine whether this
abnormality generalizes to dysthymia—a chronic form of depression—or is specific to
major depressive episodes—an acute form of depression. Third, serotonin receptor density
modulates the functioning of the DMN18 and tryptophan depletion alters DMN
connectivity,19 suggesting that the DMN may represent an important site of action for
serotonergic antidepressants. Our principal hypotheses were that DD relative to healthy
control (HC) participants would demonstrate greater DMN connectivity, and that this
abnormal DMN connectivity would normalize with duloxetine treatment.
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METHODS
The institutional review board of the New York State Psychiatric Institute approved the
study procedures. Participants provided written, informed consent.

PARTICIPANTS
Our cohort comprised 41 adults with DD and 25 HC subjects between 18 and 53 years of
age. All participants were free of significant medical problems. Patients fulfilled DSM-IV-
TR criteria for DD and were excluded if they were currently experiencing a major depressive
episode. Patients with comorbid Axis I disorders, other than anxiety disorders, were
excluded from the study. Patients with prior medication treatment, a prior major depressive
episode, and/or comorbid anxiety disorders were included in the study; these data were
recorded (Table 1) and included as covariates in subsequent analyses. Of the 41 patients
with DD in the study, 19 (46%) had a history of treatment with psychotropic medications,
but none of the participants were taking psychotropics within a week of their MRI scan (4
weeks for fluoxetine). Control subjects were assessed for psychiatric disorders using the
Structured Clinical Interview for DSM-IV20; had no significant, active Axis I disorder; were
medication free; and were group matched to patients with DD by age and sex (Table 1).

Diagnoses were made using clinical interviews of a board certified psychiatrist and
confirmed with the Structured Clinical Interview for DSM-IV.20 Control subjects completed
a single MRI scan; participants with DD completed baseline (ie, pretreatment) and follow-up
(ie, posttreatment) MRI scans. Prior to scanning, a trained rater assessed depressive
symptoms using the 24-item Hamilton Depression Rating Scale (HAM-D).21

MRI PULSE SEQUENCES
Images were acquired on a GE Signa 3-T whole-body scanner. T1-weighted sagittal
localizing images were acquired, followed by a 3-dimensional spoiled gradient recall image
for coregistration with axial echoplanar images. Axial echoplanar images (repetition time,
2200 milliseconds; echo time, 30 milliseconds; 90° flip angle; receiver bandwidth, 62.5
kHz; single excitation per image; slice thickness, 3.5 mm; slices per volume, 34; 24 × 24 cm
field of view; 64 × 64 matrix) were obtained to provide an effective resolution of 3.75 ×
3.75 × 3.5 mm and whole-brain coverage. For RS acquisition, participants were instructed to
remain still with their eyes closed and to let their minds wander freely. Two 5-minute RS
scans were obtained for each participant. The same imaging procedures were used for
baseline and follow-up scans.

CLINICAL TRIAL
After completion of the baseline MRI scan, participants with DD began a 10-week double-
blind, placebo-controlled study of duloxetine therapy at the Depression Evaluation Service
of the New York State Psychiatric Institute. A full description of the clinical trial is provided
elsewhere22 and the results are summarized in eAppendix 1 (http://www.jamapsych.com).
Briefly, subjects were randomly assigned to double-blind treatment with duloxetine or
placebo. Dosing began at 30 mg daily and could be increased to a maximum of 120 mg daily
in the absence of sufficient response (defined as a Clinical Global Impression–Improvement
score <2). Of the 41 participants with DD who completed the baseline MRI scan, 32
completed the randomized clinical trial and follow-up scan.

IMAGE PROCESSING
Personnel were blinded to the treatment arms during image processing. Standard image
preprocessing methods were used, with SPM8 (http://www.fil.ion.ucl.ac.uk/spm/) and the
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conn toolbox (http://www.nitrc.org/projects/conn) for FC analysis. The functional images
were motion corrected, coregistered with a high-resolution anatomic scan, normalized into
the Montreal Neurological Institute space, resampled at 2 mm3, and smoothed with a
Gaussian kernel of 6 mm3 full-width at half maximum.23 Connectivity preprocessing
procedures followed the component-based noise-correction method described elsewhere24 to
minimize nonneural influences on functional MRI (fMRI) signal (eAppendix 2). To
minimize the likelihood that imaging findings were the product of unspecified confounds or
artifacts, we conducted a negative control analysis by analyzing connectivity maps derived
from a seed region within the primary motor cortex (eAppendix 3 and eFigure 1).

Following preprocessing, the RS data were correlated voxel by voxel for each participant
across the complete resting time series. Fisher z transformation was applied. We generated
connectivity maps for each subject, with the seed region defined by the mean fMRI signal
from voxels within the posterior cingulate cortex (PCC). We selected the PCC as the seed
region because of its key role in the DMN and its reliable identification of the DMN in
connectivity studies.25–27 A spherical mask centered at the PCC (and extending into the
precuneus) is provided by the conn toolbox and is derived from the PCC coordinates
described by Fox et al.28

NETWORK ANALYSIS
We implemented social network analysis (graph theory29) to provide an additional test of
our hypothesis that compared with HC subjects, participants with DD have greater FC
within the DMN. We did this by extracting the blood oxygenation level–dependent time
series data for 12 a priori regions of interest (ROI) within the DMN. The ROIs were first
identified by Fox et al,28 who delineated 13 DMN ROIs including 1 ROI within the
cerebellum. Owing to inconsistent coverage of the cerebellum, we did not include the
cerebellar ROI in our analysis. The same approach has been used in prior connectivity
studies of the DMN.30,31 The DMN ROIs and their stereotactic coordinates are delineated in
eTable 1. The time series data for each ROI were correlated region by region for each
participant, producing a single 12 × 12 correlation matrix per subject. We calculated the
network density (defined as the mean of all possible network connections)32 using
UCINET,33 software designed for social network analysis. This procedure reduces each
subject’s 12 × 12 correlation matrix into a single variable that indexes the global connection
density for the DMN. Two principal approaches allow calculation of network density34—
valued and nonvalued graphs (a full description of these 2 approaches is provided in
eAppendix 4). Both approaches have merit and potential weaknesses, thus we performed
both. Results from the valued and nonvalued graphical approaches were comparable. We
present the valued graphical analyses here and the nonvalued graphical analyses in the
online-only material (eTable2).

HYPOTHESIS TESTING
We conducted separate hypothesis testing for the baseline MRI scans (comparing subjects
with DD vs HC participants) and the follow-up scans (comparing changes in the MRI scans
of duloxetine-treated vs placebo-treated participants with DD). The analyses could not be
reduced into a single model because comparing subjects with DD vs HC participants
required a between-subject analysis, whereas a repeated-measure analysis was necessary to
compare baseline vs follow-up MRI scans from the participants with DD. Additionally,
because our hypotheses were specific to the DMN, our group-level analyses only reflect
regions that were positively correlated with the PCC; we did not include regions inversely
correlated with the PCC (ie, task-positive networks).
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BASELINE MRI SCANS
To test the hypothesis that participants with DD have greater DMN connectivity than HC
subjects, we entered each participant’s seed-based connectivity map into a second-level,
random-effects factorial model using SPM8. We treated group as the single factor with 2
levels: subjects with DD and HC participants. We performed additional analyses that
included prior medication exposure, history of major depressive episodes, substance abuse,
and the presence of a comorbid anxiety disorder as additional factors in the second-level,
factorial models.

The network density analyses reduced each subject’s DMN connectivity into a single
variable that indexed the global connection density for the DMN. We compared the
connection densities across the 2 groups (ie, DD vs HC) using a 2-sample t test. Additional
analyses of covariance included prior medication exposure, history of major depressive
episodes, substance abuse, and the presence of a comorbid anxiety disorder as covariates.

FOLLOW-UP MRI SCANS
We tested our hypothesis that DMN connectivity would be normalized in the duloxetine-
treated, but not placebo-treated, patients with DD. For the voxelwise analysis, we entered
each participant’s seed-based connectivity map into a 2 × 2 repeated-measure factorial
model using SPM8. We treated time as a repeated measure with 2 levels: baseline scan and
follow-up scan; we used treatment as a between-group factor with 2 levels: duloxetine and
placebo. We isolated an interaction term (time × treatment) to determine differential effects
of treatment on connectivity. We then conducted post hoc t tests to determine the nature of
the interaction. Because the duloxetine arm included fewer men than the placebo arm, we
included sex as a covariate (eTable 3). The 2 treatments were comparable on other
demographic and clinical characteristics (eTable 3). However, given the large number of
statistical tests in a voxelwise whole-brain analysis, we reasoned that baseline connectivity
differences between the duloxetine and placebo arms could be present owing to chance
alone. Baseline differences in connectivity could produce spurious interpretations of
treatment × time interactions. To preclude this possibility, we compared the baseline scans
in the duloxetine vs placebo arms by conducting an f test on the PCC connectivity maps with
an uncorrected α of less than 0.05. The results are presented in eAppendix 5 and eFigure 2.
We then created a mask that excluded from subsequent analyses any voxel in which there
were baseline differences in PCC connectivity between the duloxetine and placebo arms.
That is, we limited our analyses of treatment × time interactions to voxels in which baseline
connectivity measures were comparable across the 2 treatment arms. The same statistical
models were used for the network analyses (eAppendix 6 and eTable 4).

EXPLORATORY ANALYSIS
In the baseline scans, we examined the relationship between altered DMN connectivity and
clinical symptoms in participants with DD. We calculated Pearson correlations between (1)
voxelwise PCC connectivity, using whole-brain analysis, and (2) symptoms of depression as
measured by the 24-item HAM-D summary score. This approach identified a relationship in
the baseline MRI scans between PCC–amygdala connectivity and depressive symptom
severity. We then tested whether this association persisted following treatment by
calculating Pearson correlations between PCC–amygdala connectivity and posttreatment
depressive symptoms.

STATISTICAL THRESHOLD
For the voxelwise whole-brain connectivity analyses, we determined an appropriate
statistical threshold to account for multiple statistical comparisons by conducting Monte
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Carlo simulations. To achieve a corrected P < .05, we used a conjoint requirement of 100
continuous voxels, with each voxel meeting an α of less than 0.01.

RESULTS
CLINICAL TRIAL

The complete results of the clinical trial are presented elsewhere.22 Here we present the
results for the participants who completed the clinical trial and MRI scans (N = 32). Of the
41 patients with DD who completed the initial MRI scan, 9 dropped out of the clinical trial
prior to the follow-up MRI scan. The patients who dropped out of the clinical trial were
demographically comparable with those who completed the trial (eAppendix 7). The mean
(SD) dose of duloxetine at the end of the clinical trial was 91.0 (30.2) mg daily (range, 30–
120 mg). We found a significant treatment × time interaction (F1,29 = 17.6; P < .001; η2 =
0.38), with the duloxetine arm demonstrating a greater reduction in depressive symptoms
than the placebo arm. Specifically, the mean (SD) HAM-D summary score declined more in
the duloxetine arm (pretreatment, 20.0 [0.9]; posttreatment, 5.8 [1.6]) than in the placebo
arm (pretreatment, 21.4 [0.8]; posttreatment, 17.3 [1.5]).

BASELINE SCANS
We generated voxelwise, whole-brain maps of RS-FC generated from a seed region in the
PCC. Resting-state connectivity maps demonstrated the commonly observed connectivity
pattern of the DMN in both participant groups (Figure 1). In both groups, significant
connectivity of the PCC was detected with the precuneus, mesial prefrontal cortex, lateral
parietal cortex bilaterally, superior frontal cortex bilaterally, parahippocampal gyrus
bilaterally, and retrosplenial cortex.

Hypothesis Testing—Comparison of the 2 groups (Figure 1C) using a random-effects,
factorial model demonstrated that compared with HC subjects, patients with DD had
stronger connections between the PCC and the mesial prefrontal cortex bilaterally, lateral
parietal lobes bilaterally, and precuneus (Table 2). Controlling for substance abuse and/or
prior medication exposure did not meaningfully influence these results (eTable 5). After
controlling for current or prior comorbid anxiety disorders and/or prior episodes of MDD,
the statistically significant differences in DMN connectivity between patients with DD and
HC participants were still present. However, these covariates produced a consistent pattern
in which the magnitude of the statistical difference between the 2 groups (ie, DD vs HC)
was reduced (eTable 5).

Network Analysis—To confirm the observation of greater DMN connectivity in patients
with DD vs HC participants, we used graph analysis to quantify the density of DMN
connections. Graph analysis demonstrated that compared with HC subjects, participants with
DD had greater DMN connection density (mean DMN density: participants with DD, 0.23,
and HC subjects, 0.17; t = 2.7; P = .01) (Figure 2; see eAppendix 4 for nonvalued graph
analysis). Using bootstrapping, we confirmed that the network findings were not driven by
differences between the sample sizes (DD: N = 41 vs HC: N = 25) (eAppendix 8).
Controlling for prior episodes of MDD, substance abuse, and/or prior medication exposure
did not meaningfully influence these results (eTable 6). Similar to the voxelwise analysis,
inclusion of current or prior comorbid anxiety disorders as a covariate yielded results that
remained statistically significant, but the magnitude of the statistical difference was reduced
(eTable 6).
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FOLLOW-UP SCANS
Hypothesis Testing—To test our hypothesis that DMN connectivity would normalize in
the duloxetine, but not placebo, arm, we examined treatment × time interactions. We began
by examining the 5 regions in which we detected connectivity differences between patients
with DD and HC subjects in the baseline scans (Table 2). Of these, we found a significant
interaction in the right lateral parietal cortex that was driven by a decrease in PCC–right
lateral parietal cortex connectivity in the duloxetine-treated arm (Table 3). Post hoc analysis
of the entire DMN demonstrated interactions in the right middle to superior frontal cortex,
and the right inferior temporal gyrus. We detected reductions in connectivity in the
duloxetine, but not placebo, arm (Table 3). Each treatment × time interaction indicated a
reduction in DMN connectivity in the duloxetine arm (ie, there were no interactions
indicating an increase in DMN connectivity in the duloxetine arm). Post hoc analyses of the
interactions (eAppendix 9) determined that in the duloxetine arm, the PCC–right lateral
parietal cortex and PCC–right inferior temporal gyrus connections were (1) increased at
baseline relative to HC subjects and (2) normalized after treatment with duloxetine (eFigure
3).

Network Analysis—To confirm the voxelwise observation of treatment × time
interactions in the DMN, we conducted a parallel analysis based on DMN connection
density. Network analysis circumvents problems of multiple comparisons and related
thresholding effects that are inherent to voxelwise analyses. Complementing the voxelwise
analysis, the density analysis demonstrated a treatment × time interaction (Figure 2 and
Figure 3; F1,29 = 5.0; P = .03). Specifically, mean DMN density in the placebo arm was
similar in the baseline vs follow-up scans (Figure 2 and Figure 3; mean [SD] baseline
density, 0.21 [0.08]; mean [SD] follow-up density, 0.19 [0.08]), but there was a significant
reduction in the DMN density in the duloxetine arm (Figure 2 and Figure 3; mean [SD]
baseline density, 0.24 [0.06]; mean [SD] follow-up density, 0.16 [0.06]; change in density: t
= 4.0; P = .002). Post hoc testing demonstrated that in the duloxetine arm, the DMN density
in the follow-up scans was comparable with HC subjects (t = 0.4; P = .90).Likewise, the
DMN density in the follow-up scans was significantly lower in the duloxetine vs placebo
arms (mean [SD] DMN density: duloxetine arm, 0.16 [0.06], and placebo arm, 0.21 [0.08]; t
= 1.9; P = .04). Sensitivity analyses of the treatment × time interaction to examine the
influence of potential confounds such as age and sex demonstrated that these covariates did
not meaningfully influence the results (eAppendix 10).

Exploratory Analysis and Clinical Correlates—We conducted 2 exploratory
analyses. In the first, we tested whether there was a relationship between the reduction in
DMN connectivity and symptom improvement, as determined by the posttreatment HAM-D
summary score (covarying for baseline HAM-D scores). We found no evidence for this
relationship in either treatment arm. Second, we conducted a whole-brain correlation
analysis of PCC connectivity with the severity of depressive symptoms within the DD
group. In the baseline scans, we found that the connection strength between the PCC and the
left amygdala (peak voxel Montreal Neurological Institute coordinates: x = −18, y = −4, z =
−22) was a strong predictor of HAM-D scores (Figure 4; r = 0.65; P < .001; cluster size, 503
voxels). The connection strength between the PCC and the right amygdala was also a
predictor of HAM-D scores (Figure 4; r = 0.58; P < .001; peak voxel Montreal Neurological
Institute coordinates: x = 36, y = 0, z = −26; cluster size, 43 voxels), but this finding did not
reach both arms of our statistical threshold (ie, α < 0.01, but <100 continuous voxels
achieved this α level). Posterior cingulate cortex–amygdalar connectivity no longer
correlated with depressive symptom severity following treatment with either placebo or
duloxetine (eAppendix 11).
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COMMENT
To our knowledge, this is the first study to incorporate MRI into a randomized clinical trial
of an antidepressant in patients with DD. The central finding is that increased baseline
connectivity in the DMN of patients with DD is normalized by treatment with duloxetine.
This normalization was specific to the duloxetine-treated patients and did not occur in
patients who received placebo. Prior studies of depression have demonstrated functional
changes in the prefrontal and subgenual anterior cingulate cortices following open treatment
with antidepressant medication.35,36 However, these prior studies lacked placebo control,
making it difficult to discern medication effects from nonspecific effects. By incorporating a
placebo-controlled design, we were able to move beyond correlative interpretations and
impute causation. Placebo-controlled trials permit causal interpretations of medication
effects on symptom reduction; similarly, causal interpretations of medication effects on MRI
findings can be imputed when the MRI findings are the outcome measure of the clinical
trial.37 Thus, to our knowledge, this is the first MRI study to demonstrate a causal
relationship between antidepressant use and the normalization of a specific neural anomaly
in depressed patients. Recent articles in the lay press and professional journals have
questioned whether antidepressants have any benefit beyond that delivered by placebo in
patients with milder forms of depression.38,39 Our study provides biological evidence for a
normalizing effect of antidepressants that cannot be attributed to placebo in patients with
chronic, mild depression.

An important caveat to our findings is that we did not find a relationship between
normalization of the DMN and a reduction in depressive symptoms. We suspected that this
may be owing to the hypothesized role of the DMN in ruminative introspection. That is, the
normalization of the DMN may accompany improvement in a specific symptom domain (ie,
rumination), rather than the full range of depressive symptoms indexed by the HAM-D.
Lacking a detailed assessment of ruminative symptoms, we cannot test this hypothesis
directly, although it could be tested readily in future studies. Indeed, recent studies have
shown that atypical RS DMN activity in patients with MDD correlates with behavioral
measures of rumination.40,41

Duloxetine is a serotonin and norepinephrine reuptake inhibitor with balanced inhibition of
both receptor systems. Therefore, inhibition of either system could, in theory, be responsible
for duloxetine’s normalizing effect on DMN connectivity. However, recent studies have
suggested that neural activity in the DMN is affected by the serotonin system. A recent
study combined positron-emission tomography and fMRI and found that the introspective
functioning of the DMN is modulated by serotonin receptor binding in the PCC and medial
prefrontal cortex.18 This complements prior studies showing that PCC activity is influenced
by tryptophan depletion19 and selective serotonin reuptake inhibitor administration.42 Future
studies could directly test whether reuptake inhibition of serotonin, norepinephrine, or both
is responsible for normalizing DMN connectivity by comparing the effects of serotonin vs
norepinephrine reuptake inhibitors (eg, fluoxetine and reboxetine, respectively) on DMN
connectivity.

Several additional findings are noteworthy. First, we found that at baseline, patients with
DD, relative to HC subjects, had increased DMN connectivity. Recent studies have
suggested that abnormal functioning of the brain’s DMN may play a significant role in the
pathophysiology of depressive disorders. For example, in an fMRI study of the DMN in 24
adults with MDD, the depressed participants, unlike HC subjects, did not suppress DMN
activity when viewing negatively valenced pictures or when instructed to reappraise the
pictures.17 Likewise, atypical RS connectivity between the DMN and the subgenual
cingulate cortex is reported in adults with MDD.7 To our knowledge, our study is the first to
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examine connectivity of the DMN in persons with DD, and it suggests that DD and MDD
share pathophysiological features, at least in terms of abnormal DMN connectivity. Thus,
this study adds neurobiological support for the idea of merging DD with other chronic
depressions, as discussed by the DSM-5 workgroup.43

In the baseline MRI scans, we found that DMN connectivity was altered in patients with DD
regardless of whether the patients had a history of MDD, diminishing the possibility that
altered DMN connectivity in patients with DD was merely a consequence of prior episodes
of MDD. Investigators have argued that DD can be conceptualized as a prodrome of MDD,
given that DD strongly predicts the development of MDD, whereas MDD does not predict
the development of DD.44 Together with the findings that DMN connectivity is altered in
both DD and MDD, this consideration leads us to speculate that increased DMN
connectivity may convey vulnerability for developing MDD. A longitudinal neuroimaging
study could test this hypothesis and, more importantly, could help determine whether
normalizing altered DMN connectivity through pharmacologic or psychotherapeutic
interventions affects the course of illness.

Another contribution that our study makes to the literature on depression is the strong
correlation between depressive symptoms and the strength of functional connections
between the PCC and the amygdala. A similar finding has been reported in generalized
anxiety disorder,45 a condition highly comorbid with DD.46 The amygdala is more strongly
associated with processing information that is negatively vs positively valenced,47 and it
tends to be hyperactive in depressed patients.48 We suspect that increased connectivity
between the amygdala and the PCC (and by extension the DMN) contributes to more severe
depressive symptoms because of the putative role of the DMN in ruminative introspection.
Our findings suggest that as connectivity between the amygdala and the DMN increases, the
DMN’s information processing functions may become increasingly tinged with negative
cognitions. Posttreatment, we found that a relationship between amygdalar-DMN
connectivity and depressive symptom severity was no longer significant, suggesting that this
relationship is altered by treatment with either duloxetine or placebo.

Limitations of this study should be noted. First, many of the patients with DD had prior
exposure to treatment with psychotropics. Therefore, the differential connectivity that we
detected may have been the product of prior medication exposure rather than DD itself. We
attempted to minimize this possibility by (1) statistically controlling for prior medication
exposure and (2) obtaining MRI scans after a medication washout period. Nevertheless, we
cannot entirely exclude the possibility that medication effects influenced our findings.
Second, comorbid anxiety disorders and prior depressive episodes were present in many of
the participants with DD. Covarying for anxiety and/or prior depressive episodes produced a
consistent pattern in which the difference in connectivity between subjects with DD and HC
participants remained statistically significant, but the magnitude of the difference was
reduced. This suggests that anxiety and prior depressive episodes may contribute to the
increased DMN connectivity that we detected. Third, our cohort of participants with DD
consisted of more men than women (59% men). This sex distribution could limit the
generalizability of our findings given that depressive disorders, including DD, affect women
in greater numbers than men. Fourth, although we attempted to exclude from the study
patients with a diagnosis of MDD, differentiating DD and MDD can be difficult, thus it is
possible that some of the DD cohort may have met criteria for MDD. Fifth, we did not
examine whether the HC participants had a genetic vulnerability to depression. A control
sample absent of genetic loading for depression could potentially have yielded more robust
group differences. Finally, a larger cohort could help establish the stability of our findings.

Posner et al. Page 9

JAMA Psychiatry. Author manuscript; available in PMC 2014 February 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



In conclusion, our study demonstrates the atypical nature of DMN connectivity in adults
with DD and provides important neurobiological evidence for a causal mechanism by which
antidepressant therapy normalizes the brains of depressed patients. Altered DMN
connectivity in persons with DD was detected irrespective of prior episodes of MDD,
suggesting that altered DMN connectivity is shared between DD and MDD, as well as
providing neurobiological support for a contemplated nosologic revision to merge DD with
other forms of chronic depression. Finally, increased connection strength between the
amygdala and the PCC may represent an important target for novel antidepressant
therapeutics.
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Figure 1.
Whole-brain resting-state functional-connectivity maps with seed region in the posterior
cingulate cortex. Qualitatively, the connectivity maps demonstrate the commonly observed
connectivity pattern of the default mode network in both the participants with dysthymic
disorder (DD; N = 41) (A) and in the healthy control participants (N = 25) (B). C,
Comparison of the 2 groups demonstrated that the participants with DD had stronger
connections from the posterior cingulate cortex to the mesial prefrontal cortex (mPFC)
bilaterally, lateral parietal lobes (LPC) bilaterally, and precuneus (PC). See Table 2 for
statistical significance.

Posner et al. Page 13

JAMA Psychiatry. Author manuscript; available in PMC 2014 February 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Graphical presentation of the default mode network (DMN). Pretreatment magnetic
resonance imaging scans were obtained in participants with dysthymic disorder (N = 41) and
matched healthy control subjects (N = 25). Posttreatment magnetic resonance imaging scans
were obtained following a 10-week clinical trial of duloxetine vs placebo. The dots represent
DMN regions and the lines represent functional connections (threshold z >0.2); line width
corresponds to the connection strength. Qualitatively, in the pretreatment scans, the DMN
demonstrates more and stronger connections in the dysthymic vs healthy control
participants. Statistical comparison using graph theory (network density) bears out this
observation (see Table 2). Posttreatment scans demonstrate a treatment × time interaction
(F1,29 = 5.0; P = .03), driven by a greater reduction in DMN connectivity in the duloxetine-
treated vs placebo-treated participants (N = 15 and N = 17, respectively). PCC indicates
posterior cingulate cortex.
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Figure 3.
Comparison of the pretreatment and posttreatment scans demonstrated a treatment × time
interaction (F1,29 = 5.0; P = .03) in the connection density of the default mode network
(DMN). Specifically, mean DMN density in the placebo arm (N = 17) was similar in the
baseline vs follow-up scans (mean [SD] baseline density, 0.21 [0.08]; mean [SD] follow-up
density, 0.19 [0.08]), but there was a significant reduction in the DMN density in the
duloxetine arm (N = 15) (mean [SD] baseline density, 0.24 [0.06]; mean [SD] follow-up
density, 0.16 [0.06]; change in density: t = 4.0; P = .002). Post hoc testing demonstrated that
in the duloxetine arm, the DMN density in the follow-up scans was comparable with healthy
control subjects (N = 25) (t = 0.4; P = .90). The error bars indicate standard errors.
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Figure 4.
Connection strength between the posterior cingulate cortex (PCC) and left amygdala (peak
voxel Montreal Neurological Institute coordinates: x = −18, y = −4, z = −22) predicted
depressive symptoms on the Hamilton Depression Rating Scale (HAM-D) (r = 0.65; P < .
001; cluster size, 503 voxels) in patients with dysthymia (N = 41). The connection strength
between the PCC and the right amygdala was also a predictor of HAM-D scores (r = 0.58; P
< .001; peak voxel Montreal Neurological Institute coordinates: x = 36, y = 0, z = −26;
cluster size, 43 voxels), but this finding did not reach both arms of our statistical threshold.
Coronal slice displayed at y = −4.
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