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Abstract

Background: Baseline rostral anterior cingulate cortex (rACC) activity is a well-replicated, non-
specific predictor of depression improvement. The rACC is a key hub of the default mode network
(DMN), which prior studies indicate is hyperactive in major depressive disorder (MDD). As DMN
downregulation is reliant on input from the salience network (SN) and frontoparietal network
(FPN), an important question is whether rACC connectivity with these systems contributes to
depression improvement.
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Method: Our study evaluated this hypothesis in outpatients (A=238; 151 females) enrolled in the
EMBARC (Establishing Moderators and Biosignatures of Antidepressant Response for Clinical
Care) 8-week randomized clinical trial of sertraline versus placebo for MDD. Depression severity
was measured using the Hamilton Rating Scale for Depression, and electroencephalography was
recorded at baseline and week 1. Exact Low Resolution Electromagnetic Tomography (eLORETA)
was used to compute activity from the rACC, and key regions within the DMN (posterior cingulate
cortex), FPN (left dorsolateral prefrontal cortex) and SN (right anterior insula; rAl). Connectivity
in the theta (4.5-7 Hz) and beta (12.5-21 Hz) bands was computed using lagged phase
synchronization.

Results: Stronger baseline theta-band rACC-rAl (SN hub) connectivity predicted greater
depression improvement across 8 weeks of treatment for both treatment arms (B=-0.57, 95% Cl=
-1.07, —0.08, p=0.03). Early increases in theta-band rACC-rAl connectivity predicted a greater
likelihood of achieving remission at week 8 (odds ratio=2.90, p=0.03).

Conclusion: Among patients undergoing treatment, theta-band rACC-rAl connectivity is a
prognostic, albeit treatment non-specific indicator of depression improvement, and early
connectivity changes may predict clinically meaningful outcomes.
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Introduction

Although a variety of interventions exist for major depressive disorder (MDD), fewer than
50% of individuals respond to first-line treatment (1). Consequently, there is an urgent need
to better understand which factors predict depression recovery. Abnormal rostral anterior
cingulate cortex (rACC) activity is critically implicated in MDD pathophysiology and has
emerged as a prognostic (i.e., treatment non-specific) predictor of depression improvement
(2). First observed by Mayberg et al. (3), heightened pre-treatment rACC activity/
metabolism predicts greater response to a range of antidepressants, including paroxetine (4),
nortriptyline (5), citalopram (6), and fluoxetine (7), but also to placebo (8). Highlighting the
robustness of this finding, a meta-analysis showed that depression improvement was linked
to higher pre-treatment rACC activity in 19 separate studies (2), although a number of non-
replications emerged (9-12). This finding was recently replicated a 20t time (13) in the
EMBARC study (Establishing Moderators and Biosignatures of Antidepressant Response
for Clinical Care), an 8-week clinical trial of sertraline for MDD (14). Importantly, pre-
treatment rACC theta current density (associated with heightened rACC metabolism; 15)
displayed incremental predictive validity in relation to treatment outcome (across both
sertraline and placebo conditions), over and above a range of clinical and demographic
factors previously associated with better MDD prognosis.

The rACC may influence treatment responsiveness by facilitating adaptive communication
among large-scale functional networks (2). It is the main node within the anterior portion of
the default mode network (DMN), and shows coordinated activity under task-free conditions
with other regions in this network, including the posterior cingulate cortex (PCC; the main
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node within the posterior portion of the DMN), angular gyrus, middle and superior frontal
gyri and middle temporal gyrus. The DMN is thought to support self-referential processing
and exhibits greater activity under task-free conditions relative to conditions requiring
external focus (16). Resting-state functional connectivity studies have revealed
hyperconnectivity within the DMN in MDD, which might support persistent negative self-
referential thinking (17).

Given its location within the DMN and structural connections with other areas of the
prefrontal cortex, the rACC also communicates with the frontoparietal network (FPN) to
support emation regulation and goal-oriented responding (18) — two processes that require a
downregulation of DMN activity. The FPN and DMN are typically anticorrelated (19), but
meta-analyses indicate that individuals with MDD exhibit weaker anticorrelations between
these networks (17), potentially leading to DMN interference in conditions requiring
external focus. Similarly, a recent electroencephalography (EEG) source localization study
showed that elevated connectivity between the DMN and FPN in the beta frequency band
was linked to a more recurrent illness course (20), indicating that aberrant communication
between these networks may be associated with MDD trajectory.

Finally, the rACC also has anatomical connections to regions in the salience network (SN),
particularly the right anterior insula (rAl) (21, 22), which is thought to play a critical role in
emotional processing (23). This network supports the detection of emotionally salient
stimuli, and the rAl in particular is thought to coordinate anticorrelated activity between the
DMN and FPN (24, 25). The SN is typically anticorrelated with the DMN (26), however,
there is debate as to whether more or less anticorrelated rACC-SN activity may facilitate
depression improvement. Weaker anticorrelated rACC and SN (particularly Al) activity has
been observed in severely depressed individuals (21). Furthermore, greater baseline rACC-
SN connectivity has been found to predict depression improvement following one week of
placebo and 10 weeks of antidepressant treatment (22). It has been suggested that enhanced
rACC-SN connectivity may confer a greater capacity for adaptively responding to
emotionally salient stimuli, highlighting a potential link between rACC-SN connectivity and
the responsiveness of the depressed state to intervention.

Together, these findings suggest that rACC activity may influence depression improvement
via connections with other regions within the DMN, and also by facilitating DMN
connectivity with other networks, such as the FPN and SN. Building on recent findings in
the EMBARC study showing that baseline rACC theta activity prognostically predicted
treatment outcome (13), this study examined whether theta-band synchronization between
the rACC and other regions of the DMN, as well as the FPN and SN, predicts depression
improvement. Since an independent study showed that elevated beta-band DMN-FPN
connectivity was associated with a more recurrent depressive illness course (20), we also
evaluated connectivity within the beta frequency.

In line with prior work (22), we hypothesized that greater depressive symptom reduction
would be predicted by increased pre-treatment rACC-SN connectivity. In contrast, given
prior work linking heightened within-DMN connectivity (17) and DMN-FPN connectivity
(20) to greater depression severity, we hypothesized that greater depressive symptom
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reduction would be predicted by decreased rACC-DMN and rACC-FPN connectivity.
Additionally, given that the local activity/baseline metabolism of a region has been found to
determine that same region’s resting-state functional connectivity (27), we also examined
whether rACC connectivity moderated or mediated the link between rACC activity and
depression improvement. Finally, recent evidence (also based on data from the EMBARC
trial) indicates that early changes in rACC cortical thickness following the first week of
treatment with sertraline - potentially reflecting increases in cortical 5-HT1A receptor
concentrations - predicted greater reduction in depressive symptoms over the course of
treatment (28). Since sertraline may also have acute effects on functional connectivity of the
rACC with other regions, we also examined whether early changes in rACC connectivity in
the first week of treatment were associated with the likelihood of achieving remission.

Methods and Materials

The EMBARC study design, recruitment, randomization methods, power calculation and
assessment measures, can be found elsewhere (14), and in the Supplementary Information.
Methods pertinent to this study are outlined below.

Study design

Using a double-blind design, participants were randomly assigned to 8 weeks of sertraline or
placebo. The primary outcome was depression severity on the 17-item clinician-rated
Hamilton Rating Scale for Depression (HRSD-17; 29), administered at baseline, weeks 1, 2,
3,4, 6, and 8. EEG was recorded at baseline and week 1.

Sample

Outpatients aged 18-65 meeting criteria for MDD based on the Structured Clinical Interview
for DSM-IV (30) were recruited at Columbia University College of Physicians & Surgeons,
Massachusetts General Hospital, the University of Michigan, and the University of Texas
Southwestern Medical Center. A Quick Inventory of Depressive Symptomatology (QIDS-
SR; 31) score of =14 (moderate depression) was required at screening and randomization
visits. Study procedures were approved by the Institutional Review Boards of all sites.
Participants provided written informed consent after receiving a complete study description.

From July 2011 to December 2015, 634 individuals were screened and 296 were randomized
to sertraline or placebo. Nine dropped out before taking medication, 266 (92.3%) had EEG
data collected, and 248 were included in the final model reported by Pizzagalli, Webb and
colleagues (13). Ten subjects were excluded from the current study for having < 40 seconds
of artifact-free segments available for connectivity analysis (the recommended amount),
leaving a final sample of 238 subjects. The study flow diagram is shown in Fig. S1, with
dropout reasons listed in Table S1.

EEG acquisition and preprocessing

EEG data were recorded in four 2-minute eyes open and eyes closed trials. Different EEG
acquisition systems were used across sites, therefore a manual was developed to standardize
recording techniques (see Supplementary Methods). Briefly, EEG data from each site were
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interpolated to a common, 72-channel montage and resampled at 256 Hz. Then, a
standardized preprocessing pipeline was used to extract 2-second non-overlapping, artifact-
free epochs for connectivity analyses (32). In line with prior work (20, 33), the first 40
seconds of artifact-free data were analyzed.

ROI selection

To probe FPN connectivity, a left DLPFC seed was defined using coordinates from
Dosenbach et al. (34). For DMN connectivity analyses, a midline PCC seed was defined
using coordinates from Yeo et al. (35). For SN analyses, a rAl seed was defined using
coordinates from Seeley et al. (36), as this right hemisphere region is thought to modulate
DMN and FPN activity (24). Finally, a rACC seed was defined using prior work examining
predictors of treatment response (5, 13). Seed coordinates are shown in Table S2. Seeds were
used to create regions of interest (ROIls; Fig. 1) consisting of gray matter voxels within a 10-
mm radius of the seed. Intracortical current source density at each ROI was then computed
using the linear inverse solution, eLORETA (33).

Source-based functional connectivity

Connectivity between sources was computed using lagged phase synchronization, which
quantifies the nonlinear, non-instantaneous relationship between two signals (33).
Instantaneous EEG-based connectivity measures have limited utility since they are
susceptible to volume conduction, which leads to artificially correlated activity at different
regions because the electrical signal spreads out laterally when it reaches the skull. However,
non-instantaneous or “lagged” connectivity measures correct for this by computing the
connectivity between two regions after any instantaneous contribution has been removed.
Lagged phase synchronization was computed in the theta (4.5-7 Hz) and beta (12.5-21 Hz)
frequencies (see Supplementary Methods for details).

Statistical analyses

Linear mixed effect models (implemented in STATA 13.1) evaluated whether rACC
connectivity predicted HRSD score reductions across 8 weeks. Participants were treated as
random effects, with subject-specific estimates for both intercept (estimated week 8 HRSD
scores) and slope (weekly change in HRSD scores). Analyses were conducted in two stages.
First, we entered demographic/clinical covariates linked to treatment response in MDD
(Table S3), as well as the baseline rACC theta activity terms that were included in the final
model reported in Table 2 of the earlier study published by Pizzagalli, Webb and colleagues
(13). Second, Connectivity and Connectivity x Time (weeks 0, 1, 2, 3, 4, 6, 8, centered at
week 8) terms were added to the model. We applied a conservative criterion (13) whereby
connectivity terms had to be associated with both the intercept (Connectivity effect) and
slope (Connectivity x Time interaction) at p<0.05 to be considered significant. For models
containing significant connectivity terms, we used a likelihood ratio test to evaluate the
goodness of fit of this extended model relative to the model containing only the covariates
and baseline rACC theta activity terms.

For connectivity terms associated with both the intercept and slope, and which yielded a
significantly improved model fit, we tested whether rACC connectivity moderated the
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relationship between baseline rACC theta activity and depression improvement by adding a
Connectivity x rACC thetaterm, and a Connectivity x rACC thetax Timeterm. A
significant interaction term was taken as evidence of moderation.

For mediation analyses, we evaluated a model wherein baseline rACC connectivity mediated
the relationship between baseline rACC theta activity and HRSD score improvement
(baseline-week 8). Since prior work has shown that rACC connectivity changes after one
week of placebo are correlated with depressive symptom improvement (22), we tested a
second mediation model wherein early change (baseline-week 1) in rACC connectivity was
the mediator.

Finally, we examined whether connectivity was associated with clinically meaningful
outcomes: (a) treatment response, defined as >50% reduction in HRSD scores by week 8,
and (b) depression remission, defined as a HRSD score <7 at week 8.

Sample characteristics of the 238 subjects included in this analysis are shown in Table 1,
with further details show in Table S4.

Effects of baseline rACC connectivity on depression improvement

A main effect of Connectivity (B=-3.01, 95% CIl=-5.65, —0.37, p=0.03) and a Connectivity
x Timeinteraction (B=-0.59, 95% CIl=-1.07, —-0.10, p=0.02) emerged for rACC-rAl (SN
hub) connectivity in the theta band. Specifically, across the entire sample (placebo and
sertraline groups), elevated theta-band rACC-rAl connectivity predicted lower week 8
HRSD scores and greater symptom improvement over 8 weeks, controlling for
demographic/clinical covariates and baseline rACC theta activity. A likelihood ratio test
showed that a model containing these two connectivity terms (Table 2) provided improved
fit relative to a covariates + rACC theta activity only model (LR=6.69, p=0.04). Notably,
when connectivity terms were entered into the model, both rACC theta activity terms
remained significant predictors of symptom improvement (fACC thetaterm: B=-3.82, 95%
Cl=-6.50, -1.15, p=0.01; rACC thetax Timeterm: B=—0.57, 95% Cl=-1.07, —0.08,
p=0.02). Furthermore, baseline theta-band rACC-rAl connectivity was uncorrelated with
rACC theta activity (+=0.06, p=0.39), indicating that these two metrics were independent
predictors of depression improvement. Aligning with rACC theta activity findings reported
by Pizzagalli, Webb and colleagues (13), connectivity terms did not interact with treatment
condition in predicting symptom change (both ps>0.05), suggesting that they are treatment
non-specific (i.e., prognostic) predictors of symptom improvement.

In contrast, neither theta-band rACC-PCC (the key posterior DMN region) connectivity, nor
theta-band rACC-left dorsolateral prefrontal cortex (DLPFC; the key FPN region)
connectivity emerged as predictors of depression improvement (all ps>0.05). Furthermore,
when considering beta-band connectivity, no models showed both a significant effect of
Connectivity as well as a Connectivity x Time interaction (all ps>0.05; see Supplementary
Results). Taken together, these results specifically highlight theta-band rACC-rAl
connectivity as a predictor of depression improvement.
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rACC connectivity as a moderator or mediator of the effect of baseline rACC activity on
depression improvement

For theta-band rACC-rAl connectivity, neither the Connectivity x rACC theta (B=3.30, 95%
Cl=-8.47, 15.06, p=0.58) nor the Connectivity x rACC thetax Time (B=0.61, 95% Cl=
-1.54, 2.75, p=0.58) interaction was significant, indicating no moderation. We also found no
evidence for theta-band rACC-rAl connectivity acting as a mediator. The two mediation
models tested are described in the Supplementary Results and shown in Fig. S2.

rACC connectivity as a predictor of depression remission

Theta-band rACC-rAl connectivity changes from baseline to week 1 predicted remission
status after controlling for baseline HRSD scores (odds ratio=2.90, 95% Cl=1.11, 7.58,
p=0.03). Specifically, as theta rACC-rAl connectivity changes from baseline to week 1
increased by one unit, a participant was 2.9 times more likely to achieve symptom remission
by week 8 [connectivity change in remitters (7=73): M=0.44, SD=0.34; change in non-
remitters (7=122): M=0.32, SD=0.31)]. Theta-band rACC-rAl connectivity changes in
remitters and non-remitters are shown in Fig. 2, with tests of potential confounds reported in
the Supplementary Results.

Discussion

Baseline theta rACC activity has emerged as an important indicator of clinical response to a
range of depression interventions, including antidepressants, electroconvulsive therapy, sleep
deprivation, and also placebo (13), and — in combination with known clinical/demographic
predictors of depression prognosis — could be used to identify patients who require careful
monitoring and more intensive intervention. As the rACC has rich anatomical connections
with large-scale functional networks involved in attention, emotion regulation and cognitive
control (2), we hypothesized that rACC connectivity with other brain systems may play a
mechanistic role in depression recovery. Several key findings emerged. First, greater theta-
band connectivity between the rACC and rAl — a key region within the SN — predicted
greater reduction in depression severity across treatment conditions, controlling for
demographic/clinical covariates and baseline rACC activity. Second, adding theta-band
rACC-rAl connectivity as a predictor provided an improved model fit compared to a model
containing only the demographic/clinical covariates and rACC activity. Importantly, in this
final model, rACC activity remained a significant predictor of depression improvement.
Combined with the lack of evidence for rACC connectivity moderating or mediating the link
between baseline rACC activity and symptom improvement, this suggests that rACC activity
and rACC connectivity are independent predictors of depression improvement. Third,
baseline theta-band rACC-rAl connectivity did not interact with treatment group, indicating
that it represents a non-specific “prognostic” predictor of depression improvement (as
previously found for baseline rACC activity; 13). Fourth, increases in theta-band rACC-rAl
connectivity from baseline to week 1 predicted a greater likelihood of achieving remission
by week 8, indicating that early connectivity changes may be a useful marker of clinically
meaningful outcomes.
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Prior work has shown that rACC activity increases under conditions involving emotional
conflict (37), or inhibiting attention to irrelevant emotional information (38). Consequently,
elevated rACC activity may reflect a greater ability to modulate emotional responding using
top-down control (2), and this may in turn promote better outcomes. Our findings extend this
by showing that communication between the rACC and a region involved in the detection of
personally salient events and which regulates communication between the DMN and FPN
(25), may be another important predictor of future symptom improvement. One explanation
is that rACC-rAl synchronization may aid in DMN downregulation in response to
emotionally salient events, and this may be a mechanism that facilitates depression recovery.
Support for this comes from a study in healthy individuals, which showed that ignoring task-
irrelevant, unpleasant words was associated with task-evoked increases in rACC-Al
functional connectivity (39). Furthermore, disruption of this functional coupling via brain
injury-related damage to the white matter tract linking the rAl to the ACC, results in
difficulty deactivating the DMN under conditions requiring external task focus (40).

Communication between the rACC and rAl may also be implicated in monitoring the
salience of one’s emotions and interoceptive states, and this may partially explain the link
between rACC-rAl connectivity and clinical response to placebo observed in our study, and
in other work (22). For example, rAl and ACC co-activation has been observed when
subjects view pictures of their body (41), and connectivity between these regions has been
found to be negatively correlated with impairments in social- and self-awareness in healthy
adults (42). This hints at the role of rACC-rAl connectivity in adaptive self-related
processes, which may play an important role in both antidepressant and placebo effects.
Furthermore, our observations that rACC connectivity with the DMN (the PCC region) or
the FPN (the left DLPFC region) were not predictors of depression improvement, suggests
that the integrity of systems that coordinate DMN-FPN switching (i.e., the SN), rather than
the integrity of the DMN or FPN per se, may be more closely associated with the
responsiveness of the depressed state to intervention. Moreover, the specificity of our
findings to the theta band may reflect the putative role that the ACC (including the rACC)
has in generating frontal midline theta frequency synchronization (e.g., see 15).

Our finding that early changes (i.e., after 1 week of treatment) in theta-band rACC-rAl
connectivity predicted depressive symptom improvement aligns with prior findings showing
that changes in rACC cortical thickness after one week of sertraline treatment (potentially
reflecting increased 5-HT1A receptor concentrations; 28) predicted greater depressive
symptom improvement. Furthermore, involvement of the rAl is consistent with prior studies
showing that changes in activity among a set of brain regions (including the insula)
following one week of treatment with an SSRI, were predictive of greater therapeutic
response (22). However, in the current study, early changes in theta-band rACC-rAl
connectivity (and the relationship between these early changes and better depression
improvement) cannot be entirely attributed to the effects of sertraline, since theta-band
rACC-rAl connectivity predicted better response to both sertraline and placebo. Future
research is needed to determine what neuromodulatory processes may influence early
changes in functional connectivity in individuals undergoing treatment with placebo. In the
context of our findings, enhanced baseline theta-band rACC-rAl connectivity and early
changes in this connectivity may be an indicator of the degree to which an individual’s
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depressive symptoms are responsive to intervention more generally. An important avenue for
future studies will be to examine whether this reflects a) a unique subtype of depression
characterized by early response to treatment, or b) a marker that is indicative of remission
that is currently/already in progress. Examining changes in theta-band rACC-rAl
connectivity over a longer time course during treatment (e.g., from baseline to week 8)
would allow for these competing interpretations to be tested. Furthermore, it will be
important to link this marker to previously reported depression endophenotypes (43).

We initially hypothesized that rACC-outcome associations observed in prior work (e.g., 32)
may be driven by rACC connectivity, however, we found no evidence for rACC connectivity
acting as a moderator or mediator. Although we cannot infer directionality from our
analysis, the link between rACC-rAl connectivity and depression improvement may be
driven by inputs coming from the rAl. Support for this comes from dynamic causal
modeling (DCM) research showing that the rAl acts as a ‘causal outflow hub’ within the SN
that triggers FPN modulation of the DMN in accordance with salient events (24). Another
DCM study points to the relevance of excitatory rAl signaling in depression, showing
weaker excitatory input from the rAl to the middle frontal gyrus in MDD patients, compared
to controls (44). In the context of our study, coordinated input from the rAl to the DMN (via
the rACC) may facilitate adaptive processing of emotionally salient events, which may in
turn promote treatment responsiveness.

An important next step is to determine whether malleability of theta-band rACC-rAl
connectivity identifies patients whose depression is likely to spontaneously remit, or whether
it indicates patients who show greater susceptibility to placebo effects. Although these two
processes are likely to be closely related, links between rACC-rAl connectivity and greater
placebo response will have important implications for clinical trials. For example, if the
mechanism by which elevated baseline theta-band rACC-rAl connectivity facilitates greater
symptom improvement is via greater susceptibility to placebo effects, then this may be used
to identify individuals for whom treatment non-specific factors are likely to play a larger role
in determining treatment outcome. This, in turn, might allow for a better estimation of
treatment-specific effects.

Some limitations must be emphasized. First, although EEG source functional connectivity
has high temporal resolution for examining connectivity at discrete frequencies, lagged
phase synchronization quantifies only synchronization strength (ranging from 0 to 1) and
does not indicate synchronization direction. Studies using metrics that assess both
connectivity strength and direction are needed to confirm whether greater positive or greater
anticorrelated theta-band rACC-rAl connectivity predicts depression improvement. Causal
links between rACC-rAl connectivity and depression improvement should also be probed
using neurostimulation techniques that modulate fronto-insula connectivity (e.g., prefrontal
theta-burst stimulation; 45). Second, source localization techniques cannot estimate
connectivity involving subcortical regions. Subcortical dysfunction is critical to MDD
pathophysiology, therefore fMRI-based connectivity studies must examine relationships
between rACC-subcortical connectivity, and depression improvement. Third, in addition to
showing significant main effects and interactions involving theta-band rACC-rAl
connectivity, the final model also revealed a number of unanticipated significant effects that
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warrant further investigation. These include a main effect of Site, and a Site x Time
interaction, both of which were unanticipated due to standardization of treatment across
study sites. The significant Treatment x Age interaction was also unanticipated, as there is
little evidence to suggest that the effects of sertraline (relative to placebo) are moderated by
patient age in adults aged 18-65. Finally, since our sample was comprised of individuals
with chronic or recurrent MDD with onset before age 30, further research is needed to assess
the generalizability of our findings to individuals with milder or later onset depression.

In sum, our findings suggest that in MDD patients undergoing treatment with sertraline or
placebo, elevated baseline theta-band connectivity between the rACC and rAl — a key region
of the SN — is an important prognostic, treatment non-specific indicator of depression
improvement, and early changes in this connectivity may be useful for identifying patients
likely to achieve remission. In conjunction with recent findings (13), our results indicate that
lower pre-treatment rACC activity andreduced rACC-rAl connectivity at baseline may be
useful markers for identifying MDD patients who would benefit from more careful
monitoring or intensive intervention.

Supplementary Material
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Figure 1.
Figure shows the regions of interest (10 mm radius) that were created in the rostral anterior

cingulate cortex (rACC), posterior cingulate cortex (PCC), left dorsolateral prefrontal cortex
(DLPFC) and right anterior insula (rAl). Resting-state functional connectivity was then
computed (by means of lagged phase synchronization) between the rACC, and the PCC
(default mode network), left DLPFC (frontoparietal network) and rAl (salience network), in
both the theta (4.5-7 Hz) and beta (12.5-21 Hz) frequency bands. For the purposes of
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visualization, regions of interest shown here are displayed on a2 x 2 x 2 Montreal
Neurological Institute template brain (5 mm resolution is used for analyses in eLORETA).
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Figure 2.
Early changes (baseline to week 1) in theta-band connectivity between the rostral anterior

cingulate cortex (rACC) and the right anterior insula (rAl) — a major region in the salience
network (SN) — as a function of depression remission status. Remission was defined as a
Hamilton Depression Rating Scale score of <7 at week 8.
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Linear mixed model showing theta-band rACC-rAl connectivity as a predictor of HDRS score improvement

across 8 weeks

Model Term Coef. SE z P
Time -3.19 094 -341 <0.001
Treatment 586 268 219 0.03
Time x Treatment -019 025 -0.74 0.46
Site 152 037 415 <0.001
Time x Site 0.17 0.07 250 0.01
Treatment x Site -0.17 053 -0.33 0.74
Time x Treatment x Site -0.02 010 -0.25 0.80
Depression Severity 048 009 555 <0.001
Time x Depression Severity -0.07 001 -539 <0.001
Treatment x Depression Severity -0.27 011 -254 0.01
Anxiety Severity 010 005 221 0.03
Age 0.14 0.03 4.67 <0.001
Time x Age 001 0.00 141 0.16
Treatment x Age -0.08 0.04 -2.14 0.03
Gender -053 051 -1.03 0.31
Race 033 034 0.99 0.32
Time x Race 0.06 0.06 0.99 0.32
Marital Status -0.96 031 -3.10 <0.001
Employment Status -0.08 0.35 -0.23 0.82
Treatment x Employment Status 049 053 0.93 0.35
rACC Theta -3.82 137 -2.80 0.01
Time x rACC Theta -057 025 -2.28 0.02
Theta-band rACC-rAl Connectivity -301 135 -223 0.03
Time x Theta-band rACC-rAl Connectivity -0.59 0.25 -2.37 0.02

Note. rACC=rostral anterior cingulate cortex; rAl=right anterior insula; Anxiety Severity=Anxious Arousal subscale of the Mood and Anxiety

Symptom Questionnaire; Depression Severity=Baseline Hamilton Depression Rating Scale total score.
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