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A B S T R A C T

The mechanisms underlying repetitive transcranial magnetic stimulation (rTMS) treatment are largely unknown.
Although there is a general lack of sham controlled studies, findings show altered functional connectivity to the
stimulated region following treatment. When targeting the dorsolateral prefrontal cortex (dlPFC), connectivity
with the subgenual anterior cingulate cortex (sgACC) is predictive of response, but less is known about the effects
on functional connectivity of targeting the dorsomedial PFC (dmPFC). Here, 30 patients with an ongoing de-
pressive episode were recruited and randomized to 20 sessions at target intensity of either active or sham
intermittent theta burst stimulation (iTBS) over dmPFC. Those receiving sham were offered active treatment in a
subsequent open phase. A seven minute resting-state scan and depressive symptom assessment was performed
before and after treatment. After exclusions due to attrition and excessive head movements 23 patients remained
for analysis. Seed-based resting-state connectivity was calculated using two seeds for the dmPFC target as well as
the sgACC. A symptom related increase in dmPFC connectivity after active treatment, compared to sham
treatment, was found. The effect was observed in a region overlapping the precuneus and the posterior cingulate
cortex (PCC), suggesting an increase in the connectivity between the targeted salience network and the default
mode network mediating improvement in depressive symptoms. Connectivity between the precuneus and both
the sgACC and the treatment target was predictive of symptom improvement following active treatment. The
findings have implications for understanding the mechanisms behind iTBS and may inform future efforts to
individualize the treatment.

1. Introduction

Repetitive transcranial magnetic stimulation (rTMS) is an emerging
treatment option for treatment resistant depression, with meta-analyses
of randomized sham-controlled trials supporting its efficacy and toler-
ability [1,2]. While the established treatment protocol entails pulse
trains at 10 Hz delivered over the left dorsolateral prefrontal cortex
(dlPFC) or at 1 Hz over the right dlPFC, optimal treatment parameters
are yet to be determined. Recently, intermittent theta burst stimulation
(iTBS) was shown to be comparable in efficacy to the standard 10 Hz
protocol with similar dropout rates, while greatly reducing the duration
of each treatment session [3]. Additionally, studies have found that
multiple daily iTBS sessions, given with at least 15 min intervals, in-
crease cortical excitability compared to a single session [4,5], with
some suggestion that this may lead to shortened time to treatment

response [6]. Alternative prefrontal treatment targets have also been
evaluated with the dorsomedial PFC (dmPFC) showing promising re-
sults in an open label study [7] and in a sham-controlled trial [8]. The
rationale for targeting this region is based on converging findings
pointing to a more central role of dmPFC in emotion regulation com-
pared to the dlPFC as well as the observation that dmPFC shows
aberrant connectivity with major resting-state networks in major de-
pression [9,10]. Resting state functional magnetic resonance imaging
(rs-fMRI) is well suited for assessing modulation of widespread func-
tional networks affected in depression following rTMS, by measuring
changes in whole-brain functional connectivity. Earlier studies using
this approach in dlPFC targeted treatment have found that baseline
connectivity between the striatum or insula and the dlPFC was pre-
dictive of treatment response [11–13]. Similarly, salience network (SN)
centrality, a graph theoretical measure, also predicted response to
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dlPFC treatment [14]. Changes in dlPFC connectivity have been ob-
served following dlPFC-targeted treatment in open label [15] as well as
sham controlled [16] studies. Regarding dmPFC targeted treatment,
baseline connectivity with the ventromedial PFC separated responders
from non-responders using a graph theory based approach [17] while
seed-based connectivity with dmPFC predicted treatment [18]. Find-
ings also suggest a central role for the subgenual anterior cingulate
cortex (sgACC) in mediating treatment response to rTMS over both
dlPFC [15,19–22] and dmPFC [18].

Notably, there is a lack of controlled studies on the modulation of
functional connectivity following rTMS treatment of depressive symp-
toms. This leaves open the possibility that the findings summarized
above partly reflect non-specific treatment effects. Thus, while earlier
findings suggest that rTMS targets functional networks via a cortical
node and acts by modulating these networks, only one study has ac-
tually demonstrated a treatment specific modulation of functional
connectivity in a sham controlled setting following a full dlPFC treat-
ment [16]. No study to date has considered such mechanisms under-
lying dmPFC-targeted treatment in a sham controlled study.

Here, rs-fMRI was measured before and after 20 sessions at target
intensity of active or sham iTBS over dmPFC to see whether active
treatment modulates connectivity to the dorsomedial target as well as
the sgACC, compared to sham treatment, and whether this is related to
improvement in depressive symptoms. A further aim was to investigate
whether dmPFC or sgACC connectivity at baseline is predictive of
treatment response.

2. Methods and materials

2.1. Participants

This project shares data with a randomized controlled trial (RCT;
NCT02905604), with 30 out of 40 patients with depression who ad-
ditionally underwent brain imaging before and after treatment. While
the results from the RCT are yet to be reported, patients have been
continuously unblinded according to the protocol and the primary
outcome measure is not reported here.

Thirty patients were recruited from the psychiatric outpatient clinic
at the Uppsala University Hospital, Sweden. The patients, of which
three were diagnosed with bipolar disorder, all met criteria for an on-
going depressive episode as verified through a Mini International
Neuropsychiatric Interview (M.I.N.I.) [23]. We included patients with
bipolar depression as well, since large meta-analyses did not find any
difference in response or remission rates to rTMS over dlPFC, compared
to unipolar depression [1,2] and since bipolar depression is similarly
associated with decreased metabolism and grey matter density in dlPFC
and dmPFC [24,25]. Indeed, this transdiagnostic approach may be
preferable both with regards to symptom dimensions [26,27] and the
underlying connectome [28,29]. To be eligible for inclusion, patients
had to be between 18 and 59 years of age with unchanged medication

the past month. Contraindications included epilepsy, metal implants,
active substance use disorder, and pregnancy. Written informed consent
was obtained from all participants. One patient in the active arm
dropped out during treatment and was not available for follow-up as-
sessments. Due to excessive head movements (see preprocessing below
for details) three patients in each arm were excluded.

The study was approved by the Research Ethical Review Board,
Uppsala.

2.2. Study design and procedures

The patients were block-randomized with block sizes 6 and 8 in
random order to either active or sham treatment. Pretreatment assess-
ments included self-assessed depressive symptom ratings using the
Montgomery Åsberg Depression Rating Scale (MADRS-S) [30] and
magnetic resonance imaging (MRI). Treatment with iTBS was started on
the nearest following weekday and continued for between 10 and 15
consecutive weekdays, until 10 days of treatment at full intensity was
achieved. This was done in order to increase tolerability according to
the protocol specified below. Posttreatment assessments were per-
formed four weeks after the pretreatment assessment, regardless of the
number of treatment days, and after this the treatment was unblinded.
From end of stimulation to posttreatment assessments (9–16 days) no
medication changes or other treatments were initiated. Patients having
received sham treatment without responding, defined as a 25 %
symptom reduction, were then offered active treatment with the same
protocol. Fig. 1 gives a graphical overview of the study design.

2.3. Transcranial magnetic stimulation

The treatment protocol consisted of neuronavigated iTBS over
dmPFC, using individual anatomical images acquired during the pre-
treatment scanning session and targeting the dorsal anterior cingulate
cortex (dACC), Montreal Neurological Institute (MNI) coordinates: X =
0, Y = 30, Z = 30 [31]. Neuronavigation was accomplished using the
Localite TMS Navigator from Localite, Bonn, Germany. For the treat-
ment to plausibly reach this deeper lying region, the stimulation in-
tensity was based on the foot, rather than hand, motor threshold. The
stimulation intensity was set to 90 % of the motor threshold. Treatment
was delivered with the stimulator MagPro X100 with MagOption using
the Cool D-B80 A/P coil from MagVenture, Farum, Denmark. This coil
is designed for deep stimulation and built for use in sham controlled
studies. It consists of two 120° angled figure-of-eight coils back-to-back,
one of them shielded for sham stimulation. Each patient was rando-
mized to a code that, when entered into the stimulator, decided which
side of the coil is to be used. Transcutaneous electrical nerve stimula-
tion (TENS) electrodes were fitted to the forehead directly beneath the
center of the coil, and during sham stimulation delivered current syn-
chronized to the TMS pulses in order to mimic the sensation of active
stimulation. The coil was placed over the forehead, with the handle
pointing to the patient’s left. During each treatment day, two sessions of

Fig. 1. An overview of the study design, detailing the assessments relative to treatment, duration of sham-controlled treatment and the interval between blinded and
open phase treatment.
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iTBS were delivered, interspersed by a pause of 15 min, since a previous
study showed that twice daily iTBS with a 15 min interval facilitated
the motor response to single pulses, compared to a single session or two
sessions with a shorter interval [4]. Each session consisted of 40 pulse
trains of biphasic pulses for a total of 1200 pulses. Halfway through
each session, the pulses were reversed, resulting in 20 pulse trains with
the initial current direction going left-to-right and 20 pulse trains right-
to-left. This was done in order to achieve bilateral stimulation of the
dmPFC, according to a previously published protocol [7]. Treatment
was delivered at target intensity for 20 twice daily sessions corre-
sponding to 10 week days [7]. To increase tolerability, the stimulation
intensity was gradually increased during the initial treatment sessions,
based on pain ratings from the patient, until target stimulation intensity
was reached. If the target intensity was not reached for at least 50 % of
the delivered trains on a treatment day, an additional treatment day
was added, for up to 15 days in total. During treatment, daily assess-
ments of adverse effects were conducted.

2.4. Magnetic resonance imaging

MRI data was collected on a 3 T scanner (Philips Achieva, Philips
Medical Systems, Best, Netherlands), using a 32-channel head coil. T1-
weighted structural imaging was performed using a 3D Turbo Spin Echo
sequence, with TR/TE = 8.2/3.8 ms, flip angle = 8°; field of view =
256 × 256 mm2; voxel size = 1 × 1 × 1mm3 isotropic voxels; 220
slices.

Functional MRI (fMRI) data were acquired with eyes open, during a
seven minute scan. A white fixation cross was presented over black
background using MRI compatible goggles from Nordic NeuroLab, at-
tached to the head coil. Functional imaging consisted of single-shot
gradient echo-planar imaging with interleaved acquisition, 32 slices,
TR/TE = 2000/30 ms, field of view (FOV) = 192 × 192mm2, voxel
size = 3 × 3 × 3mm3 isotropic voxels.

2.5. Preprocessing of resting state data

Preprocessing was performed in DPABI [32] and analyses were run
in Statistical Parametric Mapping 12 (SPM12), using MATLAB R2017b.
After removing the first four volumes, slice-time corrected functional
images were realigned to compensate for head movement during image
acquisition. 24 nuisance regressors were defined based on the realign-
ment parameters to model out movement related noise and consisted of
six head motion parameters, the six corresponding parameters from the
preceding time point, and their respective squared counterparts [33].
To further account for excessive head movement, frame-wise dis-
placement (FD) was calculated according to Jenkinson et al. [34]. Vo-
lumes with a corresponding FD> .25 were regressed out. If less than
four minutes of data remained after this procedure, the participant was
excluded [35]. In this way, 11 patients receiving active treatment and
12 patients receiving sham treatment remained. In these remaining
patients, 185.2±22.5 out of 206 volumes were retained on average. In
addition, mean time series from white matter and cerebrospinal fluid
were regressed out.

Structural T1-weighted images were segmented using the algorithm
in SPM12 and Diffeomorphic Anatomical Registration Through
Exponentiated Lie Algebra (DARTEL) was used to create a study specific
template for improved normalization. The resulting parameters were
applied to the residual functional images, after coregistering them to
the structural image, in order to bring them into MNI space. Spatial
smoothing was applied to the warped images with a Gaussian kernel of
6 mm full width at half maximum (FWHM).

2.6. Resting state connectivity

Seed-based connectivity was used to assess whole-brain con-
nectivity with the dmPFC treatment target. The same MNI coordinates

earlier used for neuronavigation of the treatment target (X = 0, Y =
30, Z = 30) defined the center of a spherical region of interest (ROI)
with a radius of 10 mm to overlap with bilateral gray matter (see
Supplemental Fig. 1, red mask). Connectivity to this region has been
found to be modulated by dmPFC rTMS in an open-label study [18].
Additionally, since previous studies suggest that the sgACC mediates
response to rTMS [15,18–21] an additional sgACC seed ROI was based
on the bilateral cingulate region mask from the IBASPM 71 atlas pro-
vided with the WFU PickAtlas Toolbox. Voxels within the mask ventral
to the axial slice bisecting the genu, and posterior to the most anterior
coronal slice containing the genu, were retained. To account for signal
drop-out in this region, only voxels within the remaining ROI where all
participants contributed signal from both the pre- and post-treatment
scanning were retained (see Supplemental Fig. 1, blue mask, and Sup-
plementary material for details on signal quality within the retained
portion of the sgACC ROI). A temporal bandpass filter was applied to
the functional images by multiplying the signal with a rectangular
function in the frequency domain, with cutoff frequencies of 0.01 and
0.1 Hz, after which voxel-wise correlations using the mean signal from
each ROI were calculated for each individual and scanning session (pre-
and post-treatment). The resulting voxel-wise correlation coefficients
were transformed using Fisher r-to-z-transformation. Finally, voxel-
wise subtraction of the transformed correlation maps from the pre-
treatment session from the post-treatment maps was done to obtain
difference maps reflecting connectivity changes after treatment.

2.7. Statistical procedures

In order to assess changes in connectivity with each seed region
after active compared to sham treatment, two-sample pseudo t-tests
were run in SPM12 using the Statistical nonparametric Mapping 13
(SnPM13) toolbox [36], contrasting the difference maps between the
two groups.

Further, to assess different mechanisms of symptom improvement in
active compared to sham treatment, an interaction term between
MADRS-S delta-scores (calculated by subtracting follow-up from base-
line scores) and treatment group was added as a covariate of interest,
together with MADRS-S delta-scores and group as separate covariates,
to model the interaction between treatment and symptom change.
Here, to follow up on significant findings, separate contrasts were
specified to test for the relationship between connectivity change and
symptom change within each group. For the above models, additional
ROI based analyses were performed with the treatment target or sgACC
seeds to test for modulation of the connectivity between these two re-
gions following treatment. Age and treatment days received were added
as nuisance covariates in all models.

Finally, a separate analysis was conducted to assess any connectivity
at baseline predictive of treatment response. As participants partaking
in the sham-treatment were later offered active treatment, connectivity
maps from the pre-treatment session in the active group and the post-
treatment session in the sham group (acquired just before the start of
active treatment) were combined and analyzed together, specifying a
regressor containing MADRS-S delta-scores during active treatment and
group (blind or open phase) as a nuisance regressor.

P-values were estimated using 5000 permutations. Voxels surviving
a cluster-level corrected threshold of p< .05, using a cluster forming
threshold of p< .001, were considered significant.

3. Results

Demographic and clinical baseline description of the study sample is
presented in Table 1. The treatment groups were of similar composition
at baseline. The change in MADRS-S score (baseline - follow-up) was
6.3±9.1 for the active treatment and 3.8± 6.2 for the sham treat-
ment. A repeated measures ANOVA showed no significant group (active
vs. sham) × time (pre- vs. post-treatment) interaction, F(1,21) = .57, p
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= .459, but a significant main effect of time, F(1,21) = 9.79, p = .005,
reflecting a general symptom improvement regardless of treatment.

Seven patients receiving active, and 2 patients receiving sham,
treatment underwent more than 10 days of treatment due to not
reaching target intensity during the first few sessions. A Welch t-test
showed a significant difference in treatment days received, t(21)
=-3.05, p = .011, 12.5± 2.4 days and 10.2± .6 days in the active and
sham groups, respectively. This was included as a nuisance covariate in
the following analyses.

3.1. Changes in connectivity strength following active versus sham iTBS

There were no significant differences in whole-brain connectivity
change with the treatment target between the active and sham condi-
tions. The same was true for sgACC connectivity change and for the ROI
based analyses.

3.2. Symptom related changes in connectivity following active versus sham
iTBS

A region peaking in the posterior precuneus showed a relationship
between change in connectivity to the treatment target and MADRS-S

change after active compared to sham treatment (peak coordinates: X
= 21, Y=-60, Z = 21, t(18) = 4.97, cluster extent = 35, cluster-level
corrected p = .048). This precuneus cluster bordered on the cuneus and
extended into the posterior cingulate cortex (PCC), see Fig. 2. To further
investigate what was driving this interaction, separate analyses were
run for each group, correlating connectivity change to MADRS-S
change. This showed a positive relationship in the active group in the
same region (peak coordinates: X = 21, Y=-60, Z = 21, t(9) = 7.29,
cluster extent = 16, cluster-level corrected p = .013), with no sig-
nificant correlation in the sham group. In other words, the greater the
symptom improvement following active treatment, the more the con-
nectivity between the treatment target and the right posterior pre-
cuneus moved in the positive direction. No symptom related change in
sgACC connectivity was found, or in treatment target connectivity
when using sgACC as a ROI.

3.3. Connectivity predictive of symptom improvement after active iTBS

Of the 12 patients receiving sham treatment, nine underwent active
treatment in a subsequent open phase, lending 20 patients available for
correlating pretreatment connectivity to MADRS-S change. Regarding
connectivity to the treatment target, a significant effect was found,
reflecting a negative relationship between baseline connectivity and
MADRS-S change within the right cuneus (peak coordinates: X = 9,
Y=-69, Z=-9, T(17) = 7.15, cluster extent = 110, small-volume cor-
rected p = .025) and precuneus (peak coordinates: X = 12, Y=-66, Z
= 21, T(17) = 5.95, cluster extent = 119, small-volume corrected p =
.021), the latter overlapping with the symptom correlated findings, see
Fig. 3.

Regarding sgACC connectivity, a significant negative relationship
was observed within one cluster in a whole-brain analysis, again lo-
cated within the posterior precuneus but more dorsally (peak co-
ordinates: X = 0, Y=-72, Z = 24, T(17) = 6.75, cluster extent = 110,
cluster-level corrected p = .021), see Fig. 4.

4. Discussion

In this sham-controlled study of iTBS over the dmPFC, we show that
the greater the symptom improvement following active iTBS, the
greater the increase in connectivity strength between the dmPFC target
and a region in the right posterior precuneus. This suggests that suc-
cessful dmPFC iTBS acts through modulating the targeted dmPFC
functional connectivity. One earlier open label study also observed a
symptom related change in connectivity with the targeted dmPFC fol-
lowing treatment [18]. Here, we extend this finding in a sham-con-
trolled trial, showing that the connectivity change is specific to active
treatment, with precuneus being an important node.

The region within the posterior precuneus showing symptom related
connectivity change overlapped with the PCC, a major node in the
default mode network (DMN) [37]. A meta-analysis of resting-state
connectivity studies in major depression found a decreased connectivity
between salience network nodes, including the ACC, and a region si-
milar to ours in the precuneus extending into the PCC and occipital lobe
[38]. Thus, one interpretation of the present findings is that the treat-
ment works through strengthening a reduced connectivity between the
targeted salience network (SN) and the DMN. A proposed function of
the SN is to act as a switch, disengaging the DMN and engaging the
central executive network in response to salient events [39]. Conse-
quently, an increased coupling between the SN and DMN may facilitate
the regulation of a ruminative state in depression. One needs to keep in
mind, however, that we did not directly test for network level con-
nectivity changes in this exploratory seed-based analysis.

Baseline connectivity between the same precuneus/PCC region and
the treatment target was also predictive of response to active treatment,
when considering blind and open phase treatment together. Similarly,
sgACC connectivity to the precuneus at baseline was predictive of

Table 1
Demographical variables and symptom ratings, presented separately for those
receiving active versus sham treatment. Significance tests are also presented,
assessing the difference between the two groups for each variable. MADRS-S:
Montgomery-Åsberg Depression Rating Scale, self-report; EQ VAS: Visual
Analogue Scale self-rated health from EQ-5D; MSM: Maudsley Staging Method
for treatment resistant depression.

Active (n
= 11)

Sham (n
= 12)

Test for difference

Years of age, mean (sd) 32.2
(11.4)

25.8 (6) t(21)=−.1.72, p =
.100

Gender, male:female 5:6 6:6 X2 = .048, p = .827
MADRS-S pre-treatment, mean

(sd)
29.7 (6.2) 28 (8.4) t(21)=−.56, p =

.583
EQ VAS, mean (sd) 31.6

(14.9)
36.7
(13.9)

t(21) = .85, p = .402

MSM-total, mean (sd) 9.9 (1.8) 10.4 (2) t(21) = .65, p = .524

Education, n
9th year completed 0 4
12th year completed 6 5
Higher education 5 3

Primary diagnosis, n
Depressive episode 5 8
Recurrent depression 5 3
Bipolar disorder 1 1

Secondary diagnoses, n*
Anxiety disorders 7 9
Obsessive-compulsive
disorder

1 0

Post-traumatic stress
disorder

1 2

Attention deficit (and
hyperactivity) disorder

2 4

Autism spectrum disorder 1 0
Personality disorder 0 2

Medication, n
Antidepressants 9 9
Lithium 2 1
Lamotrigine 2 0
Second generation
antipsychotics

2 3

Stimulants 0 4
No mood medication 3 0

* note that one patient can have more than one secondary diagnosis.
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symptom improvement. This is in line with Salomons et al. (2014) [18]
who found both dmPFC and sgACC connectivity with cortical and
subcortical regions to be predictive of dmPFC targeted rTMS response.
Of note, Drysdale et al. (2017) [40] reported the PCC together with the
dmPFC and sgACC as being among the most discriminating connectivity
features in responders to dmPFC targeted rTMS. In general, our findings
speak to the potential of baseline resting-state connectivity assessments

to prioritize or individualize dmPFC targeted iTBS. In the present study,
treatment response was fairly low with a large individual variability in
symptom change. One possible implication of the results is that in-
dividualizing the treatment target based on the connectivity strength
between the dmPFC/ACC and the posterior precuneus could be used to
improve the response rate.

Fig. 2. A) Voxels where increased connectivity
with the dorsomedial prefrontal cortex
(dmPFC) treatment target was associated with
symptom improvement following active com-
pared to sham treatment (peak voxel: X = 21,
Y=-60, Z = 21). Orthogonal slices are dis-
played in neurological convention. B) Scatter
plot showing the relationship between con-
nectivity change and symptom change for each
group. Note that a positive change in MADRS-S
scores corresponds to symptom improvement,
while a positive change in connectivity denotes
an increased (or reduced negative) con-
nectivity. Testing the relationship in each
group separately, only the active group showed
a significant relationship between change in
connectivity and symptoms.

Fig. 3. Baseline connectivity between the treatment target in the dorsomedial prefrontal cortex (dmPFC) and A) the cuneus peak voxel: X = 9, Y=-69, Z=-9) and B)
precuneus (peak voxel: X = 12, Y=-66, Z = 21) is negatively correlated with treatment response. The Y axis represents the mean connectivity within the cluster that
showed a significant relationship.
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4.1. Limitations

The sample size was relatively small, a problem which was ag-
gravated by data loss due to excessive head movements. This naturally
limits the generalizability of the findings. Still, we are able to identify a
treatment specific effect and the findings are generally in line with
earlier studies as discussed above.

While the treatment targeted a region a few centimeters below the
cortical surface, overlapping the dACC, the stimulation likely affected
the overlying cortex as well, being more focal closer to the scalp. This
leaves open the possibility that the changes in connectivity are indirect,
mediated by stimulation of the surface dmPFC. Still, we chose to base
the seed region on the targeted coordinates since this was the region of
theoretical interest [9,10,31] and since we based the stimulation in-
tensity on the foot, rather than the hand, threshold, targeting a similar
depth. Regardless, the findings suggest that the treatment protocol has
the potential to modulate the deeper dmPFC/dACC, directly or in-
directly.

We did not find a clinical effect of active iTBS over dmPFC com-
pared to sham. This may in part be due to too short a treatment
duration. We opted for two daily sessions based on previous findings
[4]. However, others have found that more daily sessions, or sessions
spaced further apart, are needed to benefit from this approach [5].
Whether iTBS will benefit from accelerated protocols is still an open
question for now.

The lack of a clinical effect may also be seen as a limitation with
regards to the resting-state connectivity findings. However, behind the
lack of an effect is a large individual variability in symptom change.
When adding symptom change as a covariate in the connectivity ana-
lysis, we ask whether there is a corresponding individual variability in
connectivity change. We find that in the active group only, suggesting a
specific mechanism for active iTBS. As such, the lack of a clinical effect
does not preclude the search for mechanisms that explain the variability
in symptom improvement.

The prediction analyses included both blinded and open label
treatments. While we controlled for the effect of blinding, this may
partly capture placebo response as well [41]. On the other hand, a
possible advantage is that the findings may be more generalizable to
clinical practice.

5. Conclusions

Here, we observe a treatment specific modulation of dmPFC con-
nectivity following successful iTBS, in a sham controlled study. Only
one prior study to our knowledge demonstrate treatment specific
modulation of resting state connectivity, and none targeting the
dmPFC. As such, the findings have implications for understanding the
mechanisms behind rTMS in general and may inform future efforts to
individualize the treatment, with precuneus connectivity as a possible
predictor of symptom improvement.
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