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Successful Pharmacologic Treatment of Major Depressive Disorder 
Attenuates Amygdala Activation to Negative Facial Expressions:  
A Functional Magnetic Resonance Imaging Study
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abstract
Objective: Studies of the effects of pharmacotherapy for 
major depressive disorder (MDD) on limbic-subcortical-
prefrontal brain networks show variable results. We 
quantified functional changes in the amygdala and the 
related limbic-subcortical-prefrontal structures after 
paroxetine treatment with functional magnetic resonance 
imaging relative to clinical responder status.

Method: We scanned 22 patients with unipolar,  
DSM-IV–defined MDD (men and women aged 25–55 
years; 17-item Hamilton Depression Rating Scale [HDRS17] 
score > 18) at study entry and after 6 (T0) and 12 (T1) 
weeks of paroxetine treatment. Our paradigm contrasted 
negative (fearful, angry), happy, and neutral faces relative 
to scrambled faces. Twenty-one age-matched (± 2.5 y) 
and sex-matched controls were scanned once. Patients 
received open-label paroxetine 20 mg/d for 6 weeks (T0). 
Nonresponders at T0 were randomly assigned to receive 
double-blind true dose escalation (paroxetine 30–50 
mg/d) or placebo dose escalation for another 6 weeks 
(T1). The study was conducted from July 2005 to  
February 2007.

Results: At study entry, MDD patients showed increased 
ventral/limbic and decreased dorsal prefrontal activations 
to negative faces. At T0 and T1, respectively, 5/20 and 
13/20 patients responded to paroxetine. After 12 weeks 
(at T1), overall amygdala activations remained unchanged 
relative to study entry. However, amygdala activations 
were significantly lower in treatment responders versus 
nonresponders (P = .001). Amygdala activations correlated 
with HDRS17 scores (P < .04). Left amygdala activation 
correlated inversely with pregenual anterior cingulate 
cortex activation (P = .001). Dorsal cingulate gyrus and 
dorsolateral prefrontal activations increased after 6 and 12 
weeks of treatment, regardless of clinical response.

Conclusions: Successful paroxetine treatment decreases 
amygdala activation, presumably by improved 
frontolimbic control, in line with selective serotonin 
reuptake inhibitor–induced increased functional 
connectivity between the pregenual anterior cingulated 
cortex, prefrontal cortex, and amygdala. Changes in 
amygdala activation when processing negative faces 
might serve as an indicator for improved frontolimbic 
control, which is required for clinical response.

Trial Registration: ISRCTN identifier: ISRCTN44111488

J Clin Psychiatry 2012;73(4):451–459
© Copyright 2011 Physicians Postgraduate Press, Inc.

Submitted: September 16, 2010; accepted January 4, 2011.
Online ahead of print: August 9, 2011 (doi:10.4088/JCP.10m06584).
Corresponding author: Henricus G. Ruhé, MD, PhD, PA1-148, 
Program for Mood Disorders, Department of Psychiatry,  
Academic Medical Center, PO-Box 22660, 1100 DD Amsterdam,  
The Netherlands (h.g.ruhe@amc.uva.nl).

Major depressive disorder (MDD) is a highly prevalent and 
disabling disease1 often treated with selective serotonin  

reuptake inhibitors (SSRIs). Unfortunately, response and remis-
sion rates are only modest (30%–50%). Noninvasive neuroimaging 
techniques may aid in clarifying the neurobiological mechanism of 
antidepressant response.

Previous studies on the etiopathogenesis of MDD provided evi-
dence for a dysfunctional limbic-subcortical-prefrontal network 
in MDD.2,3 The “ventral” or limbic compartment of this network 
(amygdala, insula, ventral striatum, ventral anterior cingulate gyrus, 
and prefrontal cortex) has been suggested to be responsible for the 
identification of the emotional significance of stimuli and the pro-
duction of affective states.3 In MDD, increased activation of the 
ventral system has been observed. When compared with controls, 
increased activation of the (left) amygdala to negative (sad/angry/
fearful) facial expressions in those with MDD has been consistently 
reported.4–8 Therefore, amygdala activation is considered to rep-
resent emotional responsiveness in MDD,9 associated with MDD 
severity. Consequently, successful treatment of MDD with SSRIs is 
expected to normalize ventral hyperactivation.

Effects of open-label treatment with antidepressants on blood-
oxygen-level-dependent (BOLD) activation in MDD patients have 
been explored in 4 functional magnetic resonance imaging (fMRI) 
studies after 8 weeks of treatment6,10–12; another study investigated 
patients who had remitted after 22 weeks.13 These studies reported 
increased BOLD activations in neocortical regions, including the 
cingulate gyrus (dorsal and anterior parts) after treatment with 
fluoxetine6 and venlafaxine.11 Decreased amygdala activation fol-
lowing antidepressant therapy was first reported in a sertraline 
study by Sheline et al,10 and then in studies with fluoxetine (sad 
faces)6 and bupropion (emotional oddball task),12 but not in a 
study with venlafaxine (negative, positive, and neutral International  
Affective Picture System pictures).11 Because all of the above treat-
ment studies reported high response rates (one study explicitly 
excluded nonresponders11), it remains unclear whether observed 
changes over time are driven by treatment or by clinical response. 
This issue could be addressed by comparisons of treatment respond-
ers versus nonresponders, which have not yet been reported.

Therefore, the aim of this study was to evaluate changes in the 
amygdala and the limbic-subcortical-prefrontal network in re-
sponse to (negative) facial expressions after paroxetine treatment 
of MDD relative to responder status. We expected to observe in-
creased activation of the amygdala (MDD vs controls) at study 
entry, followed by attenuation of amygdala hyperactivity, together 
with increased activations in neocortical areas after treatment. 
We hypothesized that these changes would be associated with  
clinical response.
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METHOD

Participants
After obtaining approval from the institutional ethical 

committee and written informed consent, we recruited 22  
patients (aged 25–55 years) from our outpatient department 
as a part of a larger study (ISRCTN44111488).14 Inclusion 
criteria were MDD as determined by the Structured Clini-
cal Interview for DSM-IV Axis I Disorders (SCID)15 and a  
17-item Hamilton Depression Rating Scale (HDRS17)16 
score > 18. Patients were drug free (> 4 weeks and ≥ 5 half-lives 
after a previous antidepressant). Patients could have used 1 or 
more antidepressants (except paroxetine) at an effective dose 
for ≥ 6 weeks during the current MDD episode. Exclusion cri-
teria were pregnancy (or wish to become pregnant), standard 
fMRI contraindications, bipolar disorder, psychotic features, 
neurologic impairments, primary anxiety or substance abuse 
disorders, and acute, severe suicidal ideation.

We individually matched each patient by gender and 
age (± 2.5 years) with a control subject in good mental and 
physical health and without lifetime use of psychotropics. 
We excluded subjects with a lifetime psychiatric disorder 
(according to the SCID; including abuse or addiction dis-
orders), a Beck Depression Inventory17 score > 9, average 
alcohol use > 4 units per day (preceding month), or a first-
degree relative with psychiatric disorder(s). The study was 
conducted from July 2005 to February 2007.

Treatment Schedule
After assessment at study entry, patients received open-

label treatment with paroxetine 20 mg/d for 6 weeks. At  
6 weeks (T0), nonresponders (< 50% decrease in HDRS17 
score) were randomized (stratified for age).14 They received 
either a true paroxetine dose escalation (+10 to +30 mg/d ac-
cording to adverse effects) or a placebo dose escalation added 
to paroxetine 20 mg/d. Staff and patients were blinded. No 
additional antidepressants/antipsychotics or psychotherapy 
was allowed. Dosages remained unchanged the last 3 weeks of 
the study. Adherence was checked by self-report,18 pill counts, 
and serum paroxetine concentrations.14

Measurements
Depression severity was measured with the HDRS17 at 

study entry, at randomization (end of the open-label treat-
ment phase; T0), and 6 weeks after randomization (T1). 
Agreement between trained raters was good (intraclass cor-
relation coefficient = 0.98). Primary clinical outcome was 
the proportion of responders (≥ 50% decrease in HDRS17 
score). At study entry, T0, and T1, we planned fMRI ses-
sions (including the facial expression task, a cognitive task  
[reported elsewhere],19 and a structural scan).

fMRI
For description of the fMRI paradigm and settings, pre-

processing, and first-level analyses, see online supplementary 
material (PSYCHIATRIST.COM). Contrast images (all faces, nega-
tive faces, happy faces) from individual analyses were entered 

into second-level (random-effects) analyses for between-
group comparisons and changes over time. Main effects were 
identified at P < .01, false discovery rate (FDR)–corrected 
for multiple comparisons (extent threshold: 10 voxels).20 
Planned contrasts were patients versus controls, changes 
over time (study entry–T0–T1), and responders versus 
nonresponders. For comparison of responders versus non-
responders, we used a 2-way analysis of variance with time 
(6 or 12 weeks) and response (yes/no) as factors. This way, 
we estimated effects of response versus nonresponse. Thus, 
the T0 scan of a nonresponder at week 6 would be classified 
as such, while at week 12, after improvement ≥ 50%, the T1 
scan would be classified as a responder. Because of small 
cells and lack of clinical efficacy of dose escalation,14 we did 
not model the randomized paroxetine/placebo dose escala-
tion, but only accounted for potential effects of dosage by its 
inclusion as a regressor of no interest. All interactive effects 
of group/time/response × stimulus (masked with the relevant 
main effect) were identified at P < .001 (z > 3.09) uncorrected 
(extent threshold: 10 voxels), masked with the relevant main 
effect at P < .05, and at P < .005 (z > 2.57) in the amygdala. We 
performed post hoc analyses to investigate whether observed 
mean amygdala activation (negative faces) at weeks 6 and 12 
correlated with activations in other brain regions. We there-
fore extracted the mean activation of left and right amygdala 
per subject from the T0 and T1 scans and used these param-
eters as regressors in new second-level models. We used the 
Duvernoy atlas as anatomic reference.21 We report the happy 
faces results in the online supplementary material.

Statistics
We compared study-entry characteristics of patients and 

healthy controls with independent-samples t tests for con-
tinuous variables and χ2 or Fisher exact test for categorical 
variables. We used linear mixed models (compound sym-
metry variance/covariance structure) to assess differences 
in scan performance (reaction times and errors) between 
patients and healthy controls and in patients over time. Sin-
gle voxel SPM5 (Statistical Parametric Mapping; Wellcome 
Trust Centre for Neuroimaging, London, United Kingdom  
[www.fil.icon.ucl.ac.uk/spm/], operated under Matlab ver-
sion 7.3.0.267 [2006; MathWorks, Natick, Massachusetts]) 
parameter estimates for maximum left and right amygdala 
signal of all patients at study entry, T0, and T1 were extracted 
(negative faces) and used for graphical representations. We 

Only ■■ successful paroxetine treatment decreases 
amygdala activation.

This amygdala signal is inversely correlated with the ■■
activation of the pregenual anterior cingulate cortex. 

These findings might change the interpretation of ■■
decreased amygdala activities after SSRI treatment in 
previous studies and suggest improved frontolimbic 
control as a requisite for clinical response.

Clinical Points
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quantified the association of these estimates with HDRS17 
scores with linear regression models. We used SPSS v15.0.1 
(SPSS; Chicago, Illinois) and GraphPad Prism v5.00 
(GraphPad; La Jolla, California) for additional analyses.

RESULTS

Patients, Controls, Behavioral Data,  
and Patient Disposition

We recruited 22 patients and 22 controls. One control 
did not attend her visit and could not be replaced. Controls 
had significantly higher education levels. MDD patients 
had significantly higher state and trait anxiety than con-
trols (P < .001), slower reaction times (P = .045), and more 
gender-judgment errors (P = .032) (Table 1). Reaction times 
and errors were not related to education level.

Twenty patients completed the study: 5/20 (25%) and 
13/20 (65%) were responders at weeks 6 and 12, respectively. 
No week 6 responders deteriorated afterward. State anxiety 
(State-Trait Anxiety Inventory scores) decreased over time 
(study entry to T1; paired t test, P = .03) (Table 2). After 6 
weeks of initial paroxetine treatment, 15 nonresponders 
received a randomized dose escalation; for 11 of them,  
repeated scans were analyzable (true dose escalation: n = 4). 
All subjects had serum paroxetine concentrations > 5 μg/L 
at T1 except for 1 patient (considered nonadherent at T0 
[serum paroxetine concentration = 1.5 μg/L]). Clinical out-
comes were not significantly different between true and 
placebo dose escalation, as in the larger cohort.14 Reaction 
times and error rates did not change over time and were not 
significantly different between responders and nonrespond-
ers or associated with HDRS17 scores.

One patient refused fMRI scans during follow-up. We 
discarded 2 study-entry scans, 2 T0 scans, and 3 T1 scans 
due to excessive movements, leaving 41 study-entry scans  
(20 patients), 17 T0 scans, and 16 T1 scans analyzable.

Main effects of task (all faces vs baseline) showed robust 
activation of bilateral amygdala, fusiform gyrus, insula, 
dorsolateral prefrontal cortex (DLPFC), right orbitofron-
tal cortex (OFC), and right dorsomedial prefrontal cortex 
(DMPFC) (see online supplementary material).

Amygdala Activation
Study-entry scans: MDD patients versus controls. The 

all faces contrast showed higher activations bilaterally in the  
extended amygdala22–25 in MDD patients (vs controls). 
Higher activations were also found in the right amygdala of 
patients with the negative faces contrast, but not in the left 
amygdala (Table 3A). Amygdala activations at study entry 
did not differ in final treatment responders and nonrespond-
ers (post hoc analyses; all contrasts).

Table 2. Clinical Response and Task Performance of Patients 
During Follow-Up (n = 20)a,b

Measure
T0 

(randomization)
T1 

(endpoint)
HDRS17 score, mean ± SD

All 15.7 ± 5.14 11.1 ± 5.31
T0 responders 9.8 ± 3.11 7.2 ± 1.48
True dose escalation 18.0 ± 5.13 13.5 ± 6.70
Placebo dose escalation 17.3 ± 2.75 11.0 ± 3.87

% Decrease in HDRS17 score, mean ± SD
All 30.9 ± 26.67 51.6 ± 25.66
T0 responders 59.9 ± 9.53 70.5 ± 2.24
True dose escalation 20.5 ± 26.36 39.4 ± 34.07
Placebo dose escalation 22.0 ± 21.01 52.0 ± 15.09

Response (HDRS17 decrease ≥ 50%), n (%)
All 5 (25) 13 (65)
T0 responders 5 (100) 5 (100)
True dose escalation … 4 (50)
Placebo dose escalation … 4 (57)

Remission (HDRS17 ≤ 7), n (%)
All 2 (10) 5 (25)
T0 responders 2 (40) 3 (60)
True dose escalation … 1 (13)
Placebo dose escalation … 1 (14)

IDS-SR30 score, mean ± SD
All 30.6 ± 8.80 27.2 ± 11.46
T0 responders 19.8 ± 6.46 21.6 ± 4.72
True dose escalation 35.3 ± 6.71 33.5 ± 14.92
Placebo dose escalation 33.0 ± 5.66 23.9 ± 7.03

STAI I (state) score, mean ± SD
All 54.1 ± 7.20 51.3 ± 8.05
T0 responders 49.8 ± 7.27 51.5 ± 6.03
True dose escalation 56.8 ± 7.36 51.2 ± 11.55
Placebo dose escalation 54.3 ± 6.82 51.2 ± 5.72

Scan task performance, mean ± SD
Reaction time, ms 936.8 ± 242.8 921.7 ± 252.2
Correct response, % 96.3 ± 3.74 95.6 ± 6.26

aAll differences between true dose escalation and placebo dose escalation 
were nonsignificant (analysis of variance; P > .14). 

bNs were as follows. For HDRS17 and IDS-SR30 results: T0 responders, 
n = 5; true dose escalation, n = 8; placebo dose escalation, n = 7; for STAI 
I results: T0 responders, n = 4; true dose escalation, n = 6; placebo dose 
escalation, n = 7; for scan task performance: at T0, n = 18; at T1, n = 17.

Abbreviations: HDRS17 = 17-item Hamilton Depression Rating Scale, 
IDS-SR30 = Inventory of Depressive Symptomatology-Self Rated, 
STAI = State-Trait Anxiety Inventory.

Table 1. Characteristics of Study Sample

Characteristic
Patients 
(n = 22)

Controls 
(n = 22) P

Age, mean ± SD, y 43.3 ± 7.93 43.7 ± 7.99
Male, n (%) 14 (63.6) 14 (63.6)
Handedness, n, right/left 20/2 21/0a .488
Educational level, n (%)b

< High 17 (77.3) 6 (27.3) .001
High 5 (22.7) 16 (72.7)

MDD severity, mean ± SD score
HDRS17 23.1 ± 3.61 NA
IDS-SR30 42.9 ± 7.69 4.6 ± 3.87a < .001

Anxiety level
STAI I (state) 58.5 ± 8.29 29.4 ± 7.74a < .001
STAI II (trait) 62.0 ± 9.07 30.9 ± 9.17a < .001

Comorbidity, n (%)
Anxiety 3 (13.6) NA
Alcohol dependence 2 (9.1) NA
Cannabis dependence 1 (4.5) NA

Scan task performancea

Reaction time, mean ± SD, ms 954.7 ± 238.3 830.0 ± 143.3 .045
Correct response, mean ± SD, % 95.5 ± 3.24 97.5 ± 2.66 .032

aOne female control did not attend; no questionnaire or scan performance 
data available.

bEducation level: high = university level or equivalent.
Abbreviations: HDRS17 = 17-Item Hamilton Depression Rating Scale, 

IDS-SR30 = Inventory of Depressive Symptomatology-Self Rated, 
MDD =  major depressive disorder, NA = not applicable,  
STAI = State-Trait Anxiety Inventory.
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Changes in amygdala activations after 6 and 12 weeks 
of paroxetine treatment. After 6 weeks of treatment, acti-
vations in left amygdala regions decreased, although at a 
subthreshold level only, relative to the study-entry scan (all 
and negative faces; Table 3B). The right lateral amygdala 
showed significantly increased activations after 6 weeks of 
treatment (all and negative faces; Table 3B). Week 6 treat-
ment nonresponders (n = 12) had increased amygdala 
activation for negative faces (left, z = 3.22, P = .001; right, 
z = 2.87, P = .002) relative to week 6 responders.

After 12 weeks of treatment, both all and negative faces 
contrasts revealed no decreases in activation relative to study 
entry (Table 3C). When we compared week 6 with week 12, 
there was a significant decrease in activation in the right 
amygdala in the same region that showed increased activa-
tion at week 6 relative to study entry (all and negative faces; 
Table 3D).

Activations in responders and nonresponders (T0 and 
T1 scans combined). When comparing nonresponders and 
responders at 6 and 12 weeks in the full-factorial model 
with response and time as factors, we found higher bilateral 
amygdala activations in nonresponders relative to responders 

(negative faces; P = .001; Figure 1; Table 3E). There was no 
significant time × response interaction (P > .001). Activa-
tions in bilateral amygdala were significantly correlated 
with HDRS17 scores in patients who did not reach remis-
sion (HDRS ≤ 7; negative faces; r = 0.37 [left] and r = 0.45 
[right]; P < .04), but not in patients who remitted (P > .2). 
For the all faces contrast, higher activations in nonrespond-
ers were significantly different from responders in the right  
amygdala only.

We investigated whether observed effects were driven 
by anxiety levels by including State-Trait Anxiety Inventory 
scores as a covariate. Significance levels and cluster sizes 
of amygdala activations in all contrasts were more robust 
(data available from the authors on request), indicating that 
results were not confounded by reduced anxiety levels in  
responders. When we accounted for differences in paroxe-
tine dosage at T0 and T1 (dosage as a regressor), significance 
levels and cluster sizes of right amygdala activation became 
more robust, and slightly reduced the activation in the left  
amygdala (negative faces; Table 3E).  Therefore, activations 
might have been reduced by higher dosages of paroxetine in 
the right amygdala only.

Table 3. Activation of the Amygdalaa

Contrast Brain Region Side x, y, z (MNI mm) Cluster Size (k) Maximum Voxel z P
A. MDD patients vs controls (at study entry)
MDD patients > controls

All faces Amygdala (extended)b R 18, 2, –9 12 3.04 .001
L −16, –4, −9 39 2.63 .004

Negative faces Amygdala (extended)b R 18, 2, –9 13 2.99 .001
L −16, –4, −9 16 2.46 .007c

B. Study entry vs 6 wk of treatment (T0)
Study entry > 6 wk of treatment (T0)

All faces Amygdala L −16, 0, –15 12 1.97 .024c

Negative faces Amygdala L −14, 2, –12 11 2.25 .012c

6 wk of treatment (T0) > study entry
All faces Amygdala R 28, –2, −15 28 3.22 .001
Negative faces Amygdala R 28, 0, –15 47 3.47 < .001

C. Study entry vs 12 wk of treatment (T1)
All faces … d

Negative faces … d

D. 6 wk (T0) vs 12 wk (T1) of treatment
6 wk > 12 wk

All faces Amygdala R 26, –2, −15 53 3.4 < .001
Negative faces Amygdala R 26, –2, −15 16 2.94 .002

E. Nonresponders (T0 and T1e) vs responders (T0 and T1e)
Nonresponders > responders

All faces Amygdala R 18, –2, −18 98f 3.24 .001
Negative faces Amygdala R 18, –2, −18 30 3.20 .001

L −22, 2, –18 24 3.11 .001
Nonresponders > responders with dosage as covariate

All faces Amygdala R 18, –2, −18 95 3.56 < .001
Negative faces Amygdala R 18, –2, −18 39 3.47 < .001

L −24, 4, –21 15 3.01 .001
aShaded text describes the comparison; italicized text reports the direction of the findings (eg, part A shows significantly greater activation in 

MDD patients relative to controls on both sides for the all faces contrast and on the right for the negative faces contrast).
bExtended amygdala describes a subset of neurons involved in the mediation of aversive emotional responses among others in the substantia 

innominata. This extended amygdala is characterized as a region with a functional and anatomic continuum of the traditionally defined 
amygdala, based on similarities in cytoarchitecture as well as neurotransmitter and projection systems.22–25

cBelow threshold for significance (P < .005).
dNo decrease in activation relative to study entry.
eCombined in a full-factorial model.
fIn 1 cluster with orbitofrontal cortex.
Abbreviations: L = left, MDD = major depressive disorder, MNI = Montreal Neurologic Institute, R = right.



© COPYRIGHT 2011 PHYSICIANS POSTGRADUATE PRESS, INC. © COPYRIGHT 2011 PHYSICIANS POSTGRADUATE PRESS, INC.

MDD Treatment and Amygdala Activation: An fMRI Study

455 J Clin Psychiatry 73:4, April 2012

Figure 1. Amygdala Activation Relative to Clinical Response (HDRS17 ≥ 50% decrease) After 6 and 12 Weeks of Treatment With 
Paroxetine

Negative faces contrast. For parts A–C, week 6 and week 12 scans and response status were analyzed in a full-factorial model with 2 factors: time (week 6/
week 12) and response (no/yes). Responder/nonresponder rates were 5/12 at week 6 and 11/5 at week 12.

aMNI 18, –2, –18. T-contrast: nonresponders (weeks 6 and 12) > responders (weeks 6 and 12) masked for effect in nonresponders.
bSignificant difference between nonresponders and responders (F1,32 = 4.591; P < .0001); no significant lateralization (F1,32 = 0.1517; P = .70).
cDatapoints represent 33 observations (17 observations at T0 and 16 observations at T1) in 17 patients for left and right amygdala activity (total of 66 

datapoints). Estimates centralized to mean. Significant positive correlations for left (0.37 ± 0.17 [SE]; F1,24 = 4.764; P = .039; r2 = 0.17; shown in blue) and 
right (0.45 ± 0.20 [SE]; F1,24 = 4.964; P = .036; r2 = 0.17; shown in red) amygdala in patients who did not reach remission (HDRS17 score ≤ 7). Regression 
lines for left and right amygdala are not significantly different (F1,48 = 0.097; P = .76).

dActivations of left (MNI –20, –6, –15; part D) and right (MNI 22, –6, –15; part E) amygdala. Mixed models showed significant effects of response only 
(F1,95.741 = 4.784; P = .031), but not of time (P > .05), without significant 2- and 3-way interactions of response, time, and side (P > .05). No significant 
differences (P > .05) between groups without response or with onset of response in week 6 or week 12.

Abbreviations: HDRS17 = 17-item Hamilton Depression Rating Scale, MNI = Montreal Neurologic Institute.
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Left amygdala activations correlated positively with 
the contralateral amygdala, bilateral OFC, and right sub-
genual anterior cingulate cortex (sgACC) (Table 4). Right 
amygdala activation correlated positively with the contra
lateral amygdala, bilateral OFC, and right DLPFC (middle 
frontal gyrus). Left amygdala signal was inversely corre
lated with the pregenual anterior cingulate cortex (pgACC). 
Only in patients whose HDRS17 score decreased were the 
SPM estimates of this pgACC-amygdala coupling signifi-
cantly correlated with the relative decrease in HDRS17 score  
(eFigure 1).

Activations in Other Brain Regions
Study-entry scans: MDD patients versus controls. We 

found lower activations in MDD patients relative to controls 
in bilateral ventrolateral prefrontal cortex, left posterior cin-
gulate gyrus, left DMPFC, right DLPFC, and left fusiform 
gyrus (all and negative faces; eTable 1).

Changes in activations after 6 and 12 weeks. After 6 
weeks of treatment (eTable 2A and 2B), we found increased 
activations in the left posterior and right pgACC and left 
DMPFC (all faces; eTable 2B). For negative faces, activations 
of right anterior, right pgACC and bilateral anterior cingu-
late gyrus, left DMPFC, bilateral DLPFC, and left nucleus 
accumbens were increased.

After 12 weeks of treatment (eTable 2C and 2D), we found 
increased activations in bilateral DLPFC (middle frontal 
gyrus) (all and negative faces). We found increased activa-
tions in the posterior cingulate gyrus (negative faces).

Activations in responders and nonresponders (T0 and 
T1 scans combined). Treatment responders showed higher 
activations in right DLPFC (all faces; posterior superior 
frontal gyrus/premotor cortex; Montreal Neurologic 

Institute [MNI] 20, 20, 63; z = 3.53; P < .001) and left nucleus 
accumbens (all and negative faces; MNI −8, 12, −9; z > 3.28; 
P < .002) relative to nonresponders. Controlling for anxiety 
levels and dosage did not alter these effects.

DISCUSSION

The present fMRI study in MDD patients evaluated the 
changes in amygdala activation in response to (negative)  
facial expressions after 6 and 12 weeks of paroxetine treat-
ment. We found that at study entry patients had higher 
bilateral (extended) amygdala activation and that changes 
in amygdala activation were related to treatment response 
induced by SSRI therapy. Finally, treatment responders had 
significantly lower amygdala activations than nonrespond-
ers. This result confirms and extends the previous findings 
of a decrease in amygdala activation after SSRI treatment. In 
particular, our findings suggest that decreases in amygdala 
activation are a result of not just SSRI exposure but also treat-
ment response. Additionally, we observed changes in other 
brain regions during paroxetine treatment that were indica-
tive of increased dorsal control. At study entry, we found 
lower dorsal (left cingulate cortex, left DMPFC, and right 
DLPFC) activations in MDD patients relative to controls, 
which were increased after 6 and 12 weeks of treatment, re-
gardless of clinical response. These effects remained when 
we controlled for effects of dosage and state anxiety.

Brain Activations in MDD  
and Changes by Antidepressants

Our study confirms findings of an increased reactivity 
of ventral “limbic” structures (eg, amygdala and insula) in 
MDD patients, and decreased activations in dorsal prefrontal 

Table 4. Positive and Negative Correlations With Second-Level Amygdala Activations (negative faces)
Contrast Brain Region Side x, y, z (MNI mm) Cluster Size (k) Maximum Voxel z P
Left amygdala (MNI −22, 2, −18) activation
Positivea Hippocampus R 26, –18, −12 102 4.24 < .001

Amygdala R 22, 4, –18 127 5.09 < .001
Orbitofrontal cortex R 24, 14–21 …b 4.34 < .001

L −38, 18, –21 33 3.77 < .001
Parahippocampal gyrus L −30, –34, −18 98 4.25 < .001
Insula R 38, –6, 12 18 3.60 < .001
Subgenual anterior cingulate cortex R 6, 14, –12 10 3.59 < .001
Parietal R 52, –54, −15 37 3.88 < .001

Negativec Pregenual anterior cingulate cortex R 4, 50, 0 14 2.73 .001
Right amygdala (MNI 18, −2, −18) activation
Positivea Hippocampus R 24, –22, −12 …b 4.56 < .001

R 30, –32, −6 17 4.51 < .001
L −16, –30, −6 57 5.07 < .001

Amygdala L −18, –4, −21 65 4.49 < .001
L −18, –10, −12 42 4.20 < .001

Orbitofrontal cortex L −38, 16, –21 40 4.01 < .001
L −34, 34, –12 18 3.77 < .001
R 40, 14, –21 13 3.48 < .001

Dorsolateral prefrontal cortex R 58, 14, 36 14 3.70 < .001
Negativec …
aActivations for P < .001 with extend voxel size 10.
bIn 1 cluster with right amygdala.
cActivations for P < .01 with extend voxel size 10.
Abbreviations: L = left, MNI = Montreal Neurologic Institute, R = right.
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areas (PFC and cingulate),4–7,26,27 during viewing of emo-
tional pictures. The extended amygdala was previously 
shown to be involved in negative affective states23 and pro-
cessing of emotional stimuli.22 Furthermore, paroxetine 
treatment increased dorsal prefrontal activation (middle 
frontal gyrus),6,8,11–13 but did not reduce activations in 
the amygdala per se, as shown in direct comparisons  
over time.

In previous reports, sertraline, fluoxetine, and bupropion 
were found to reduce abnormal amygdala activations in  
response to negative stimuli in MDD patients,6,10,12 but no 
differential effects between treatment responders and non-
responders were reported, presumably because response 
rates were high: 10/11 (91%),10 13/19 (68%),6,28 and 6/8 
(75%).12 Our data suggest an alternative interpretation of 
previous findings: increased activation of the middle frontal 
gyrus might be a direct effect of paroxetine, in contrast to 
decreased amygdala activation, which was associated with 
treatment response. The observations that the middle frontal 
gyrus modulates emotional responses29 and is dysfunctional 
in MDD2,8,30 corroborate this hypothesis.

In healthy volunteers, single doses of citalopram  
reduced31 and increased32 amygdala activations. Reduced 
amygdala activation was also reported after 1 week of  
citalopram treatment.33 Harmer and colleagues proposed 
that reductions in amygdala activation represent decreased 
negative attentional bias induced by SSRIs (or reboxetine34), 
providing a platform for subsequent cognitive and psycho-
logical reconsolidation.35 Although a reduction of attentional 
bias in MDD patients was recently shown after a single dose 
of reboxetine,36 it remains unclear whether this hypothesis 
is true for MDD patients treated with SSRIs. Our finding of 
increased activation of the amygdala in response to negative 
faces among nonresponders (despite 6 weeks of paroxetine 
treatment) might suggest that decreases in attentional bias 
with SSRIs occur only in treatment responders.

Amygdala activations at weeks 6 and 12 were corre-
lated with activity of other limbic structures (contralateral  
amygdala, OFC, sgACC) and correlated inversely with 
pgACC activity. These findings corroborate the hypothesis 
of an inhibitory connection between the amygdala and the 
pgACC, in which the pgACC has a critical role in the com-
munication between dorsal and ventral compartments.2,37–39 
Although increased pgACC-amygdala coupling remains 
controversial because findings are potentially influenced 
by patient selection39,40 and confounders,39,41,42 Chen and 
colleagues39 reported increased functional coupling of the 
amygdala with the prefrontal, pgACC, striatum, and thala-
mus after 8 weeks of fluoxetine treatment. Using a different 
method, we also found associations of amygdala activation 
with these brain regions.

The observed increase in amygdala activations after  
6 weeks in nonresponders, followed by a decrease when 
patients responded afterward (Figure 1D, 1E), may seem 
at odds with our hypothesis that amygdala activations are 
associated with clinical response. However, two comple-
mentary observations might reconcile these findings. First, 

amygdala activation is inversely related to serotonin-1A 
(5-HT1A) receptor density.43 Because SSRIs are known to 
decrease 5-HT1A receptor density44 and desensitize 5-HT1A 
receptors,45 our observations might represent a pharmaco-
logic effect. In addition, our data show that in treatment 
responders (with larger decreases in HDRS17 scores) higher 
pgACC-amygdala coupling is achieved (eFigure 1), which 
is hypothesized to result in a net improved regulation of 
amygdala activation, most prominently in responders, as 
seen in Figure 1D and 1E. These tentative explanations of 
biphasic amygdala responses should be further explored in 
future multimodality imaging studies.

Taken together, the decreased amygdala activation in  
responders, the inverse association of the pgACC and 
DLPFC activity with amygdala activation, the correlation 
of increased pgACC-amygdala association with relative 
HDRS17 score decrease, and the increase in DLPFC func-
tion after paroxetine exposure all suggest that paroxetine 
exposure over time improves dorsal prefrontal regulation 
of abnormal limbic activity.8,39,40,46 This effect might exist 
in addition to the SSRI effects on limbic and subcortical 
brain function, with subsequent bottom-up effects on cog-
nition.2,47 Whether the magnitude of such improved control 
and/or functional connectivity is related to the achieve-
ment of treatment response and remission remains to be 
elucidated.39,40 If so, nonresponse could be perceived as a 
failure of improvement of cognitive control. Attenuation of  
amygdala activation during SSRI treatment might then  
indicate increased dorsal prefrontal regulation.

Additional Findings
Including dosages made the effects in the right amygdala 

more robust (negative faces) and hardly affected activations 
in the left amygdala. The absence of unambiguous effects 
on bilateral amygdala activation might be interpreted as in 
line with the evidence that dose escalation of SSRIs has no 
clinical efficacy in MDD.14,48–50

Previous pretreatment, resting state, 18F-fluorodeoxy
glucose positron emission tomography (PET) studies have 
shown that increased metabolism in the pgACC predicted 
better treatment response.37 This finding was replicated 
in 2 fMRI studies with negative faces/pictures6,11,51 and in 
our post hoc comparisons of study-entry scans (see online 
supplementary material). Moreover, we also found increased 
(study-entry) activations in the sgACC in final treatment 
nonresponders.52 Therefore, pretreatment activations of 
the pgACC and sgACC may serve as predictors for (future) 
treatment resistance, which merits further investigation.

Limitations
Similar to previous studies,6,10,11 we did not include a 

placebo group because our primary aim was to compare 
responders versus nonresponders. A full placebo group, as 
in previous PET studies,2 might have controlled for placebo 
effects and differentiated unambiguously between true drug 
effects and placebo-response effects. Therefore, future fMRI 
studies should preferably include a full placebo group.51
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Our secondary randomization of treatment nonresponders 
after 6 weeks in 15 patients yielded only 11 pairs of repeated 
scans, clearly insufficient to model this placebo-controlled 
dose escalation. Instead, we included dosage as a covariate.

Finally, we scanned healthy controls once, so habituation 
effects were not assessed.6,11 However, the biphasic response 
in MDD patients, with the initial increase in amygdala activ-
ity being associated with a high nonresponse rate at T0 and 
a clear distinction between treatment responders and non-
responders, suggests that changes in responsiveness over time 
cannot be explained by learning effects.

CONCLUSION

This fMRI study in MDD patients investigated changes 
in amygdala activation and the limbic-subcortical-prefrontal 
network after paroxetine treatment. Bilateral amygdala acti-
vation decreased in treatment responders only, while DLPFC 
activations increased during treatment with paroxetine irre-
spective of response status. Decreased amygdala activations 
correlated with increased right pgACC and DLPFC activa-
tions. Together with a previous report of increased functional 
connectivity between amygdala, pgACC, and prefrontal cor-
tex after fluoxetine exposure, we hypothesize that paroxetine 
increases frontolimbic control in treatment responders. 
Changes in amygdala activation as measured by fMRI might 
be an indicator for this increased connectivity and treatment 
response. Future studies are needed to clarify whether spon-
taneous response or response after psychotherapy or placebo 
reveal a similar attenuation in amygdala activation during 
processing of negative faces.

Drug names: bupropion (Wellbutrin, Aplenzin, and others), citalopram 
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Pexeva, and others), sertraline (Zoloft and others), venlafaxine (Effexor 
and others).
Author affiliations: Program for Mood Disorders, Department of 
Psychiatry (Drs Ruhé and Schene); Department of Nuclear Medicine (Dr 
Booij); Department of Addiction Research (Dr Veltman); and Department 
of Pharmacology and Pharmacotherapy (Dr Michel), Academic Medical 
Center, University of Amsterdam, Amsterdam, the Netherlands.
Potential conflicts of interest: None reported.
Funding/support: This study was financed by a grant from the 
Netherlands Organisation for Health Research and Development 
(ZonMw), program Mental Health, education of investigators in mental 
health (OOG; #100-002-002) to Dr Ruhé, and a grant from the Dutch 
Brain Foundation (14F06.45).
Acknowledgments: The authors thank the patients who participated in 
this fMRI study. E. Miedema, MD, was indispensable for clinical treatment 
and assisted in scanning. A. Nederveen, PhD; M. B. de Ruiter, PhD; and  
T. Dekker are acknowledged for their contributions to scanning and analy-
ses. M. Haages managed randomization and maintained blinding. None of 
the acknowledged individuals report potential conflicts of interest.
Supplementary material: Available at PSYCHIATRIST.COM.

REFERENCES

  1.	 Mathers CD, Loncar D. Projections of global mortality and burden of 
disease from 2002 to 2030. PLoS Med. 2006;3(11):e442. doi:10.1371/journal.pmed.0030442 PubMed

  2.	 Mayberg HS. Modulating dysfunctional limbic-cortical circuits in depres-
sion: towards development of brain-based algorithms for diagnosis and 
optimised treatment. Br Med Bull. 2003;65(1):193–207. doi:10.1093/bmb/65.1.193 PubMed

  3.	 Phillips ML, Drevets WC, Rauch SL, et al. Neurobiology of emotion per-
ception II: Implications for major psychiatric disorders. Biol Psychiatry. 
2003;54(5):515–528. doi:10.1016/S0006-3223(03)00171-9 PubMed

  4.	 Abler B, Erk S, Herwig U, et al. Anticipation of aversive stimuli activates 
extended amygdala in unipolar depression. J Psychiatr Res. 2007;41(6): 
511–522. doi:10.1016/j.jpsychires.2006.07.020 PubMed

  5.	 Anand A, Li Y, Wang Y, et al. Activity and connectivity of brain mood 
regulating circuit in depression: a functional magnetic resonance study. 
Biol Psychiatry. 2005;57(10):1079–1088. doi:10.1016/j.biopsych.2005.02.021 PubMed

  6.	 Fu CH, Williams SC, Cleare AJ, et al. Attenuation of the neural response to 
sad faces in major depression by antidepressant treatment: a prospective, 
event-related functional magnetic resonance imaging study. Arch Gen 
Psychiatry. 2004;61(9):877–889. doi:10.1001/archpsyc.61.9.877 PubMed

  7.	 Surguladze S, Brammer MJ, Keedwell P, et al. A differential pattern of 
neural response toward sad versus happy facial expressions in major  
depressive disorder. Biol Psychiatry. 2005;57(3):201–209. doi:10.1016/j.biopsych.2004.10.028 PubMed

  8.	 Fitzgerald PB, Laird AR, Maller J, et al. A meta-analytic study of changes 
in brain activation in depression. Hum Brain Mapp. 2008;29(6):683–695. doi:10.1002/hbm.20426 PubMed

  9.	 LeDoux J. The amygdala. Curr Biol. 2007;17(20):R868–R874. doi:10.1016/j.cub.2007.08.005 PubMed
10.	 Sheline YI, Barch DM, Donnelly JM, et al. Increased amygdala response to 

masked emotional faces in depressed subjects resolves with antidepressant 
treatment: an fMRI study. Biol Psychiatry. 2001;50(9):651–658. doi:10.1016/S0006-3223(01)01263-X PubMed

11.	 Davidson RJ, Irwin W, Anderle MJ, et al. The neural substrates of  
affective processing in depressed patients treated with venlafaxine.  
Am J Psychiatry. 2003;160(1):64–75. doi:10.1176/appi.ajp.160.1.64 PubMed

12.	 Robertson B, Wang L, Diaz MT, et al. Effect of bupropion extended release 
on negative emotion processing in major depressive disorder: a pilot func-
tional magnetic resonance imaging study. J Clin Psychiatry. 2007;68(2): 
261–267. doi:10.4088/JCP.v68n0212 PubMed

13.	 Schaefer HS, Putnam KM, Benca RM, et al. Event-related functional 
magnetic resonance imaging measures of neural activity to positive social 
stimuli in pre- and post-treatment depression. Biol Psychiatry. 2006;60(9): 
974–986. doi:10.1016/j.biopsych.2006.03.024 PubMed

14.	 Ruhe HG, Booij J, v Weert HC, et al. Evidence why dose-escalation  
of paroxetine in major depressive disorder is not effective: a 6-week,  
randomized-controlled trial with assessment of serotonin transporter  
occupancy. Neuropsychopharmacology. 2009;34:999–1010. PubMed doi:10.1038/npp.2008.148

15.	 First MB, Spitzer RL, Gibbon M, et al. Structured Clinical Interview 
for DSM-IV Axis I Disorders-Patient Edition (SCID-I/P version 2.0).  
Groenestijn MAC, Akkerhuis GW, Kupka RW, et al, trans-eds [into 
Dutch]. Lisse, the Netherlands: Swets & Zeitlinger BV; 1999.

16.	 Hamilton M. A rating scale for depression. J Neurol Neurosurg Psychiatry. 
1960;23(1):56–62. doi:10.1136/jnnp.23.1.56 PubMed

17.	 Beck AT, Ward CH, Mendelson M, et al. An inventory for measuring  
depression. Arch Gen Psychiatry. 1961;4:561–571. PubMed

18.	 Saunders K, Simon G, Bush T, et al. Assessing the feasibility of using  
computerized pharmacy refill data to monitor antidepressant treatment  
on a population basis: a comparison of automated and self-report data.  
J Clin Epidemiol. 1998;51(10):883–890. PubMed

19.	 Ruhé HG, van Rooijen G, Veltman DJ, et al. Six weeks of paroxetine  
treatment improves dorsolateral prefrontal brain activity. An fMRI study 
using the Tower of London [abstract]. Eur Neuropsychopharmacol. 2010; 
20(suppl 3):S380.

20.	 Genovese CR, Lazar NA, Nichols T. Thresholding of statistical maps 
in functional neuroimaging using the false discovery rate. Neuroimage. 
2002;15(4):870–878. doi:10.1006/nimg.2001.1037 PubMed

21.	 Duvernoy HM. The Human Brain: Surface, Blood Supply, and Three-
Dimensional Sectional Anatomy. 2nd ed, revised. Vienna, Austria: 
Springer; 1999.

22.	 Liberzon I, Phan KL, Decker LR, et al. Extended amygdala and emo-
tional salience: a PET activation study of positive and negative affect. 
Neuropsychopharmacology. 2003;28(4):726–733. doi:10.1038/sj.npp.1300113 PubMed

23.	 Koob GF, Volkow ND. Neurocircuitry of addiction. 
Neuropsychopharmacology. 2010;35(1):217–238. doi:10.1038/npp.2009.110 PubMed

24.	 Whalen PJ, Rauch SL, Etcoff NL, et al. Masked presentations of emotional 
facial expressions modulate amygdala activity without explicit knowledge. 
J Neurosci. 1998;18(1):411–418. PubMed

25.	 Heimer L, Harlan RE, Alheid GF, et al. Substantia innominata: a notion 
which impedes clinical-anatomical correlations in neuropsychiatric  
disorders. Neuroscience. 1997;76(4):957–1006. doi:10.1016/S0306-4522(96)00405-8 PubMed

26.	 Costafreda SG, Brammer MJ, David AS, et al. Predictors of amygdala 
activation during the processing of emotional stimuli: a meta-analysis  
of 385 PET and fMRI studies. Brain Res Brain Res Rev. 2008;58(1):57–70. doi:10.1016/j.brainresrev.2007.10.012 PubMed

27.	 Sergerie K, Chochol C, Armony JL. The role of the amygdala in emotional 
processing: a quantitative meta-analysis of functional neuroimaging stud-
ies. Neurosci Biobehav Rev. 2008;32(4):811–830. doi:10.1016/j.neubiorev.2007.12.002 PubMed

28.	 Walsh ND, Williams SC, Brammer MJ, et al. A longitudinal functional 
magnetic resonance imaging study of verbal working memory in depres-
sion after antidepressant therapy. Biol Psychiatry. 2007;62(11):1236–1243. doi:10.1016/j.biopsych.2006.12.022 PubMed



© COPYRIGHT 2011 PHYSICIANS POSTGRADUATE PRESS, INC. © COPYRIGHT 2011 PHYSICIANS POSTGRADUATE PRESS, INC.

MDD Treatment and Amygdala Activation: An fMRI Study

459 J Clin Psychiatry 73:4, April 2012

See Supplementary Material for this article at  

29.	 Lane RD, Reiman EM, Ahern GL, et al. Neuroanatomical correlates of 
happiness, sadness, and disgust. Am J Psychiatry. 1997;154(7):926–933. PubMed

30.	 Drevets WC. Prefrontal cortical-amygdalar metabolism in major depres-
sion. Ann N Y Acad Sci. 1999;877(1):614–637. doi:10.1111/j.1749-6632.1999.tb09292.x PubMed

31.	 Murphy SE, Norbury R, O’Sullivan U, et al. Effect of a single dose of 
citalopram on amygdala response to emotional faces. Br J Psychiatry. 
2009;194(6):535–540. doi:10.1192/bjp.bp.108.056093 PubMed

32.	 Bigos KL, Pollock BG, Aizenstein HJ, et al. Acute 5-HT reuptake block-
ade potentiates human amygdala reactivity. Neuropsychopharmacology. 
2008;33(13):3221–3225. doi:10.1038/npp.2008.52 PubMed

33.	 Harmer CJ, Mackay CE, Reid CB, et al. Antidepressant drug treatment 
modifies the neural processing of nonconscious threat cues.  
Biol Psychiatry. 2006;59(9):816–820. doi:10.1016/j.biopsych.2005.10.015 PubMed

34.	 Norbury R, Mackay CE, Cowen PJ, et al. Short-term antidepressant 
treatment and facial processing: functional magnetic resonance imaging 
study. Br J Psychiatry. 2007;190(6):531–532. doi:10.1192/bjp.bp.106.031393 PubMed

35.	 Harmer CJ, Goodwin GM, Cowen PJ. Why do antidepressants take so 
long to work? a cognitive neuropsychological model of antidepressant 
drug action. Br J Psychiatry. 2009;195(2):102–108. doi:10.1192/bjp.bp.108.051193 PubMed

36.	 Harmer CJ, O’Sullivan U, Favaron E, et al. Effect of acute antidepressant 
administration on negative affective bias in depressed patients.  
Am J Psychiatry. 2009;166(10):1178–1184. doi:10.1176/appi.ajp.2009.09020149 PubMed

37.	 Dougherty DD, Rauch SL. Brain correlates of antidepressant treatment 
outcome from neuroimaging studies in depression. Psychiatr Clin North 
Am. 2007;30(1):91–103. doi:10.1016/j.psc.2006.12.007 PubMed

38.	 Mayberg HS, Brannan SK, Mahurin RK, et al. Cingulate function in 
depression: a potential predictor of treatment response. Neuroreport. 
1997;8(4):1057–1061. doi:10.1097/00001756-199703030-00048 PubMed

39.	 Chen CH, Suckling J, Ooi C, et al. Functional coupling of the amygdala  
in depressed patients treated with antidepressant medication. 
Neuropsychopharmacology. 2008;33(8):1909–1918. doi:10.1038/sj.npp.1301593 PubMed

40.	 Anand A, Li Y, Wang Y, et al. Antidepressant effect on connectivity of 
the mood-regulating circuit: an FMRI study. Neuropsychopharmacology. 
2005;30(7):1334–1344. PubMed

41.	 Pezawas L, Meyer-Lindenberg A, Drabant EM, et al. 5-HTTLPR poly-
morphism impacts human cingulate-amygdala interactions: a genetic 

susceptibility mechanism for depression. Nat Neurosci. 2005;8(6): 
828–834. doi:10.1038/nn1463 PubMed

42.	 Pezawas L, Meyer-Lindenberg A, Goldman AL, et al. Evidence of biologic 
epistasis between BDNF and SLC6A4 and implications for depression.  
Mol Psychiatry. 2008;13(7):709–716. doi:10.1038/mp.2008.32 PubMed

43.	 Fisher PM, Meltzer CC, Ziolko SK, et al. Capacity for 5-HT1A-mediated 
autoregulation predicts amygdala reactivity. Nat Neurosci. 2006;9(11): 
1362–1363. doi:10.1038/nn1780 PubMed

44.	 Spindelegger C, Lanzenberger R, Wadsak W, et al. Influence of escitalo-
pram treatment on 5-HT1A receptor binding in limbic regions in patients 
with anxiety disorders. Mol Psychiatry. 2009;14(11):1040–1050. doi:10.1038/mp.2008.35 PubMed

45.	 Blier P, de Montigny C. Current advances and trends in the treatment  
of depression. Trends Pharmacol Sci. 1994;15(7):220–226. doi:10.1016/0165-6147(94)90315-8 PubMed

46.	 Fales CL, Barch DM, Rundle MM, et al. Antidepressant treatment nor-
malizes hypoactivity in dorsolateral prefrontal cortex during emotional 
interference processing in major depression. J Affect Disord. 2009; 
112(1–3):206–211. doi:10.1016/j.jad.2008.04.027 PubMed

47.	 DeRubeis RJ, Siegle GJ, Hollon SD. Cognitive therapy versus medication 
for depression: treatment outcomes and neural mechanisms. Nat Rev 
Neurosci. 2008;9(10):788–796. doi:10.1038/nrn2345 PubMed

48.	 Adli M, Baethge C, Heinz A, et al. Is dose escalation of antidepressants a 
rational strategy after a medium-dose treatment has failed? a systematic 
review. Eur Arch Psychiatry Clin Neurosci. 2005;255(6):387–400. doi:10.1007/s00406-005-0579-5 PubMed

49.	 Baker CB, Tweedie R, Duval S, et al. Evidence that the SSRI dose  
response in treating major depression should be reassessed:  
a meta-analysis. Depress Anxiety. 2003;17(1):1–9. doi:10.1002/da.10079 PubMed

50.	 Ruhé HG, Huyser J, Swinkels JA, et al. Dose escalation for insufficient 
response to standard-dose selective serotonin reuptake inhibitors in  
major depressive disorder: systematic review. Br J Psychiatry. 2006; 
189(4):309–316. doi:10.1192/bjp.bp.105.018325 PubMed

51.	 Chen CH, Ridler K, Suckling J, et al. Brain imaging correlates of depres-
sive symptom severity and predictors of symptom improvement after 
antidepressant treatment. Biol Psychiatry. 2007;62(5):407–414. doi:10.1016/j.biopsych.2006.09.018 PubMed

52.	 Mayberg HS, Brannan SK, Tekell JL, et al. Regional metabolic effects of 
fluoxetine in major depression: serial changes and relationship to clinical 
response. Biol Psychiatry. 2000;48(8):830–843. doi:10.1016/S0006-3223(00)01036-2 PubMed



© COPYRIGHT 2011 PHYSICIANS POSTGRADUATE PRESS, INC. © COPYRIGHT 2011 PHYSICIANS POSTGRADUATE PRESS, INC.

 

© Copyright 2011  Physicians Postgraduate Press, Inc. 

 

 
 

Supplementary Material 
 
Article Title: Successful Pharmacologic Treatment of Major Depressive Disorder Attenuates Amygdala 

Activation to Negative Facial Expressions: A Functional Magnetic Resonance Imaging Study 

Author(s): Henricus G. Ruhé, MD, PhD; Jan Booij, MD, PhD; Dick J. Veltman, MD, PhD; Martin C. 
Michel, MD, PhD; and Aart H. Schene, MD, PhD 

DOI Number: 10.4088/JCP.10m06584 

 
 
 
List of Supplementary Material for the article 
 

1. Methods 
and 
Results 

Supplementary description of the study methods and results. 

2. eTable 1 Activations in other brain regions: MDD patients vs. controls (study entry scans) 

3. eTable 2 Activations in other brain regions: changes after 6 (T0) and 12 weeks (T1) of treatment 
relative to study entry 

4. eFigure 1 Inverse pregenual anterior cingulate coupling with left amygdala and decrease in HDRS 
score 

 
 
 
Disclaimer 
This Supplementary Material has been provided by the author(s) as an enhancement to the published article. It 
has been approved by peer review; however, it has undergone neither editing nor formatting by in-house editorial 
staff. The material is presented in the manner supplied by the author.  
 

 



© COPYRIGHT 2011 PHYSICIANS POSTGRADUATE PRESS, INC. © COPYRIGHT 2011 PHYSICIANS POSTGRADUATE PRESS, INC.

  Ruhé et al. 

Supplemental material Methods and Results 

 

Methods: 

For a figure with the design of the study with fMRI instead of SPECT-scans, see Ruhe 

et al.14 

 

Facial expression task paradigm 

We used an event-related emotional faces paradigm, which reliably activates the 

anterior medial temporal lobe including the amygdala.S1 We presented four human face stimuli: 

angry, fearful, happy, and neutral human faces S2 and scrambled faces (with centred arrows) as 

baseline condition. Each face stimulus condition consisted of 10 pictures; each picture was 

presented three times. Stimuli were randomized once and presented in identical order to all 

subjects, using the same task for each session. Stimuli were displayed for 2500ms with a 

variable interstimulus interval (400-600ms), to increase experimental power and to decrease 

expectancy effects. To control for overflow effects, we displayed a baseline stimulus after each 

one or two face pictures. Subjects were instructed to make gender judgements during 

presentation of face stimuli, no feedback was provided. To familiarize participants, the task 

was explained outside the scanner.  

 

fMRI imaging  

We acquired fMRI scans in the afternoon/early evening using a 3Tesla Intera MRI 

scanner (Philips, Eindhoven, Netherlands). We used a 6-channel head-coil, the head was 

fixated by foam pads. Stimuli were generated by a Pentium PC and projected on a screen at the 

patient’s feet, visible through a mirror on the coil. Stimulus onset was triggered by a pulse from 

the scanner. We recorded subject’s performance and reaction times (RTs) with 2 magnet 
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compatible response boxes.  

Each session, we obtained a volumetric T1-weighted coronal scan (TE/TR=4.6/9.63 

msec, field of view=24×24 cm, flip angle=8°, number of excitations=1, matrix= 256×256, 182 

slices, slice thickness= 1.2 mm, interslice gap= 0 mm, scan time=7 min) covering the entire 

brain volume, and  260 T2*-weighted axial echoplanar imaging (EPI) images sensitive to blood 

oxygen level dependent (BOLD) contrast (TE/TR= 35/2530.4 msec, field of view=24×24 cm, 

flip angle=90°, number of excitations=1, matrix=128×128, 36 ascending slices, slice 

thickness= 3 mm, interslice gap = 0.3 mm, scan time=10 min). 

 

Individual analysis 

For all fMRI data-analyses we used SPM5 (Statistical Parametric Mapping; Wellcome 

Department of Cognitive Neurology, London, UK; http://www.fil.ion.ucl.ac.uk/spm/), operated 

under Matlab version 7.3.0.267 (2006b; the Mathworks, Natick, Massachusetts, USA). 

Standard preprocessing of scans consisted of correcting for slice-timing differences, head 

movements, coregistration to the structural scan, normalization to SPM/MNI standard space 

(voxelsize 2*2*3 mm), and smoothing (8 mm full-width half-maximum Gaussian filter). Next, 

BOLD responses were modeled to affective facial expressions and baseline conditions for each 

voxel. For each subject, weighted contrasts were computed for simple main effects across all 

stimulus types combined (angry/fearful, happy, and neutral faces vs. baseline = ‘all faces’), and 

within stimulus type contrasts (angry/fearful vs. baseline = ‘negative faces’; happy vs. baseline 

= ‘happy faces’).  
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Results: 

Main effects at study-entry in patients and healthy controls (Table available on request) 

Combining the study-entry scans of patients and controls (all faces contrast) showed robust 

activation of bilateral amygdala, fusiform gyrus, dorsolateral prefrontal cortex (DLPFC), 

(anterior) insula, occipital cortices, and right orbitofrontal cortex (OFC; extending into the right 

anterior insula), parietal cortex and dorsomedial prefrontal cortex (DMPFC). These effects 

were also found for negative faces, except for the right amygdala, left insula, and left DLPFC, 

which were not activated above threshold. With the happy faces contrast, we found main 

effects for bilateral fusiform gyrus, insula, occipital cortices, and right DLPFC, OFC (extended 

from insula), thalamus and parietal cortex. 

 

Activation of the amygdala by happy faces 

At study-entry, when compared with controls, MDD-patients had no higher amygdala 

activations when contrasting happy faces. After 6 (T0) and 12 weeks (T1) of treatment, we 

found no significant changes in bilateral amygdala activations at our threshold relative to 

study-entry (happy faces contrast). 

When we compared non-responders and responders after 6 weeks and 12 weeks (full 

factorial model), we found higher right amygdala activations in non-responders relative to 

responders (happy faces: MNI 12, 2, -18; k=45; z=2.85; p=0.002). Controlling for anxiety and 

dosage by including these variables as covariates revealed that activations in the right 

amygdala by happy faces were not related to state-anxiety, but might have been reduced by 

higher dosages paroxetine (MNI 16, 4, -18; k=63; z=3.01; p=0.001).  
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Figure S1. Inverse pregenual Anterior Cingulate coupling with left amygdala and decrease in 

HDRS-score. 

A. Pregenual Anterior Cingulate Cortex (pgACC; MNI 4,50,0) correlated inversely with left 

amygdala activation (scans at T0 and T1 combined, n= 17 and n= 16, respectively). 

B. Estimates of the coupling between the pgACC and left amygdala plotted against the relative 

decrease in HDRS17-scores per subject. Significant positive correlation with the % decrease in 

HDRS17 (2.25 ±1.00 [SE]; F1,28=5.082; p=0.032; r2=0.15) for patients who improve only 

(circles), but not for those who do not improve (squares). 
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Activation in other brain regions 

Study-entry scans: MDD-patients versus controls 

Contrasting all faces versus baseline showed higher activations in the left insula in 

MDD-patients compared with controls (Table S1A). For happy faces MDD-patients showed 

higher activation in the left subthalamic nucleus. 

With the all faces contrast, we found lower activations in MDD-patients relative to 

controls in bilateral ventrolateral prefrontal cortex (VLPFC), left posterior and anterior 

cingulate cortex, left DMPFC, bilateral DLPFC and fusiform gyrus (Table S1B). For negative 

faces, we found lower activations in MDD-patients in bilateral VLPFC, left posterior cingulate 

cortex, and bilateral fusiform gyrus. With happy faces, we found lower activations in right 

VLPFC, right premotor cortex, and left fusiform gyrus in MDD-patients relative to controls.  

In post-hoc analyses, final treatment responders showed higher activations at study-

entry in the right pregenual (rostral) cingulate (MNI 14, 44, 3; k=4; Z=2.77; p=0.003; negative 

faces), relative to final non-responders. In contrast, non-responders showed higher study-entry 

activations in the subgenual cingulate (MNI 0, 26, -3; k=11; Z=3.90; p<0.001; negative faces). 

 

Changes in activations after 6 and 12 weeks of paroxetine treatment 

After 6 weeks of treatment (T0), relative to study-entry, we found decreased activations 

in the right posterior hippocampus (all faces; Table S2A) and left cuneus (all and negative 

faces). Increased activations were found in - amongst other regions - the left posterior and right 

pregenual cingulate cortex and left DMPFC (all faces; Table S2B). For negative faces, 

activations of bilateral anterior cingulate cortex, left DMPFC and bilateral DLPFC were 

increased.  
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Table S1. Activations in other brain regions. MDD-patients vs. controls (study-entry scans) 
 
 Contrast Brain region L/

R 
x,y,z  

(MNI mm) 
Cluster 
size (k) 

Max. 
voxel Z 

 
p 

 

A. MDD > controls       
 All Faces Insula L -26   4  12 30 3.13 0.001  
 Neg. Faces Insula  L -28   6  15 32 3.26 0.001  
 Hap. Faces Subthalamic 

nucleus 
L -12  -6  -6 14 3.35 <0.001  

         
B. Controls > MDD       
 All Faces VLPFC R 50  20  -6 222 3.95 <0.001  
   L -34 22 -6 23 3.20 <0.001  
  DLPFC R 42 16 27 61 3.73 <0.001  
   R 48 -2 51 16 3.31 <0.001  
   L -54  16 0 25 3.48 <0.001  
  DMFPC L -4  10  63 76 3.49 <0.001  
  Fusiform gyrus L -42 -54 -21 61 3.61 <0.001  
  Cingulate cortex, 

Anterior 
L -8 26 42 58 3.36 <0.001  

  Posterior L -6 -20  51 23 3.59 <0.001  
 Neg. Faces DMFPC L -4  10  63 383 4.37 <0.001  
  VLPFC R 50  20  -6 241 3.74 <0.001  
   L -34 22 -6 41 3.09 0.001  
  DLPFC R 42  16  27 76 4.25 <0.001  
  Fusiform gyrus L -42 -54 -21 67 3.78 <0.001  
   R 46 -40 -24 49 3.10 0.001  
  Cerebellum L -16 -38 -21 13 3.28 0.001  
  Sup. temporal 

gyrus 
R 58  -6 -12 37 3.45 <0.001  

  Cingulate cortex, 
posterior 

L -12 -22 48 39 3.41 <0.001  

 Hap. Faces VLPFC R 54  32  3 81 3.51 <0.001  
  Precentral gyrus R 44  2   48 27 3.37 <0.001  
  Sup. Temporal 

gyrus 
R 54 -48  12 34 3.51 <0.001  

   R 48 -36   6 27 3.20 0.001  
  Fusiform gyrus L -40 -54 -18 50 3.13 0.001  
Abbreviations: see also Table 4. DMPFC= dorsomedial prefrontal cortex, VLPFC= 
ventrolateral prefrontal cortex;   
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Table S2. Activations in other brain regions. Changes after 6 (T0) and 12 weeks (T1) of 

treatment relative to study-entry. 

 Contrast Brain region L/R x,y,z  
(MNI mm) 

Cluster 
size (k) 

Max. 
voxel Z 

 
p 

 

After 6 weeks of treatment 
A. Study-entry > T0 

      

 All Faces Cuneus LR   0 -66  12 67 4.27 <0.001  
  Hippocampus, 

posterior 
R 28 -36   0 31 3.27 0.001  

 Neg. Faces Cuneus L -2 -66  12 51 3.97 <0.001  
 Hap. Faces Sup.temporal 

sulcus 
L -48 -46   6 11 3.48 <0.001  

  Insula L -36  16 -18 31 3.36 <0.001  
         
B. T0 > study-entry       
 All Faces Cingulate cortex, 

posterior 
L -12 -18  48 21 4.13 <0.001  

  anterior L   2   4  33 70 3.37 <0.001  
  pregenual  R   4  36   3 15 3.41 <0.001  
  Hippocampus, 

dorsal 
R 28 -28 -12 31 3.74 <0.001  

  DMFPC L -10  22  60 32 3.39 <0.001  
  Inf. temporal 

gyrus 
L -44  -4 -39 14 3.28 0.001  

 Neg. Faces DMFPC L -4  22  60 288 4.56 <0.001  
  Cingulate cortex, 

anterior 
R   2  30  33 133 3.21 0.001  

  anterior LR   2   2  36 69 3.27 0.001  
  VLPFC L -24  58  30 82 3.89 <0.001  
  DLPFC L -50  26  -3 16 3.65 <0.001  
   L -28  44  42 55 3.51 <0.001  
   L -30  22  54 14 3.28 0.001  
   R 32  -2  54 12 3.22 0.001  
   R 24  42  48 136 3.09 0.001  
  Hippocampus, 

dorsal 
R 30 -28  -9 48 3.53 <0.001  

  Cerebellum L -22 -34 -27 15 3.21 0.001  
 Hap. Faces Cerebellum L -24 -32 -24 23 3.78 <0.001  
 
After 12 weeks of treatment 
C. Study entry > T1 

      
 

 All Faces Sup.Temporal 
Gyrus 

R 50 -48  18 101 3.67 <0.001  

  Hippocampus 
posterior 

R 22 -36   0 34  3.30 <0.001  

 Neg. Faces -       
 Hap. Faces OFC L -34  30  -9 140 3.91 <0.001  
  Hippocampus, 

dorsal 
R 20 -36   0 34 3.80 <0.001  
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  Insula L 36  12  -3 12 3.33 <0.001  
         
D. T1 > Study entry       
 All Faces DLPFC, middle 

frontal gyrus 
R 28   6  48 194 6.02 <0.001  

   R 10 -12  63 16 3.25 0.001  
   L -48  22  18 32 3.58 <0.001  
      L -28   4  51 21 4.15 <0.001  
   L -4   0  60 97 3.19 0.001  
  DLPFC L -38   2  48 23 3.62 <0.001  
 Neg. Faces DLPFC, middle 

frontal gyrus 
R 28   6  48 487 5.14 <0.001  

   R 12  -4  66 20 3.31 0.001  
   L -28   4  51 107 4.82 <0.001  
   L -46  20  24 114 3.82 <0.001  
   R 42  20  21 30 3.66 <0.001  
  DLPFC R 60 -20  30 65 3.63 <0.001  
   L -46   8  30 35 3.44 <0.001  
  Precentral gyrus L -26 -16  57 39 3.67 <0.001  
  Cingulate cortex, 

posterior 
R   6 -12  30 106 3.53 <0.001  

 Hap. Faces DLPFC L -26  -6  51 30 3.84 <0.001  
  Hippocampus R 24 -16 -18 19 3.23 0.001  
Abbreviations: see Table 4 and S1. 
 

After 12 weeks of treatment (T1), relative to study-entry, we found decreased 

activations in the right posterior hippocampus for the all faces contrast (Table S2C). We found 

no significant decreases for negative faces, and decreased activation in the left insula and right 

dorsal hippocampus for happy faces. At T1, we found increased activations in left DLPFC for 

all three contrasts. Furthermore, increased activations were found in bilateral premotor and 

motor cortices (all faces and negative faces contrasts), posterior cingulate cortex (negative 

faces) and in the right hippocampus (happy faces contrast; Table S2D). 

 

Activations in responders and non-responders (T0 and T1 scans combined; Table available on 

request) 

Non-responders showed significant (p≤0.001) higher activations in right OFC, right 

insula and right dorsal hippocampus (all faces and negative faces), brainstem (all faces), 

relative to non-responders after 6 and/or 12 weeks of treatment. In contrast, treatment 
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responders showed higher activations in right DLPFC (all faces) and left nucleus accumbens 

(all and negative faces). Furthermore, with the happy faces contrast, responders had higher 

activations in the left dorsal hippocampus, bilateral cingulate cortex, left insula and right 

mediodorsal thalamus. Controlling for anxiety and dosage by including these variables as 

covariates did not alter these effects.  
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