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Introduction

SUMMARY

Background: Given the limited efficacy of current pharmacotherapy for major depres-
sive disorder (MDD) and the historical decline in antidepressant development, there is
increasing clinical urgency to develop more effective treatments. Objectives: To synthe-
size findings from clinical psychology and affective neuroscience related to the construct
of emotional temperament; to examine the effects of antidepressants on the temperament
dimensions of positive (PA) and negative affectivity (NA); and to propose a biobehavioral
research paradigm for the treatment of MDD. Methods: We begin with an introduction
to PA and NA, which emphasizes their construct development, historical context, and rele-
vance to psychopathology. We then review studies of antidepressant effects on PA and NA,
and explore two related hypotheses: (1) Cause-correction: The antidepressant response may
fundamentally occur through changes in emotional temperament, with subsequent spread
to syndrome or symptom changes; (2) preferential effects: Antidepressants with different
mechanisms of action may have preferential effects on PA or NA. Results: Preliminary
findings appear to support the cause-correction hypothesis; there is insufficient clinical
evidence to support the preferential effects hypothesis. Conclusions: PA and NA are bi-
ologically based temperament dimensions, which modulate emotional, motivational, and
behavioral responses to positive and negative incentives. They can be altered by antide-
pressants, and may independently contribute to depression improvement. In addition, the
distinct biobehavioral features of PA and NA suggest that combined pharmacological and
cognitive-behavioral treatments targeting these dimensions may have specific, and perhaps,
synergistic antidepressant effects.

emotional temperament, can help to account for the comorbid
features of mood and anxiety disorders [4], and may provide a

Early versions of The Diagnostic and Statistical Manual of Mental
Disorders (DSM I and II) did not clearly distinguish between well-
ness and sickness [1], or emotional and psychotic disorders [2].
To address these problems, the authors of DSM-III (1980-1987),
and its current iteration DSM-IV-TR (2000-), proposed diagnos-
tic categories, which represent mental disorders as present or ab-
sent (i.e., categorical variables), using temporal, functional, and
symptom-based criteria. This has helped to create a reliable lan-
guage for naming mental disorders [3]. However, the “splitting”
of psychopathology into nearly 400 disorders may have obscured
shared biological substrates and specific predictors of response.

In contrast, dimensional models seek to identify underlying fac-
tors, which influence phenotypic expression. Across emotional
disorders, psychology research has shown that positive affectiv-
ity (PA) and negative affectivity (NA), defined as dimensions of
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framework for transdiagnostic treatments [5]. However, PA and
NA have only recently become a focus of pharmacological re-
search (possibly related to the historical divide between psychol-
ogy and psychiatry; the specialized nomenclature surrounding
the constructs themselves; and their origin in quantitative meth-
ods [such as factor analysis and structural equation modeling;
SEM]).

Given the limited efficacy of current pharmacotherapy for major
depressive disorder [MDD; Refs. 6-9] and the historical decline in
the development of antidepressants [10], there is increasing clin-
ical urgency to develop more effective treatments. In this article,
we will synthesize findings from clinical psychology and affective
neuroscience related to the construct of emotional temperament;
examine the effects of antidepressants on PA and NA (Table 1);
and propose a biobehavioral research paradigm for MDD.
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Table 1 Important Studies®

D.P. Soskin et al.

Authors Design Finding(s) Significance
McCabe et al., Comparison of neural responses to Unmedicated, recovered depressed patients 1. Patients with a history of
2009 [36] reward-related and aversive stimuliin exhibited reduced response to reward, depression may have neural deficits
unmedicated, recovered depressed measured as hypoactivity in the ventral in reward processing.
subjects versus healthy controls. striatum, despite self-reported levels of 2. Deficits may also represent an
pleasure similar to healthy controls. endophenotype for depression
and/or a target for treatment and
prevention strategies.
Gotlib etal., Comparison of neural processing of High risk children showed decreased activity 1. Abnormal neural processing of
2010 [35] reward and loss conditions in healthy in putamen and left insula during reward may be a susceptibility
children with strong genetic loading for anticipation of reward and increased factor for depression.
depression (high risk) versus healthy activity in right insula compared to low risk
children with no family history of controls.
depression (low risk).
Tangetal, Double-blind, controlled trial of 240 MDD 1. Linear regression analysis: all 3 groups 1. Supports the cause-correction
2009 [52] subjects randomized to 16 weeks of showed improvement in depression over hypothesis.
cognitive therapy, paroxetine, or 8 the first 8 weeks, but changes in trait 2. Partially supports the preferential
weeks of placebo. Placebo completers extraversion/neuroticism on the NEO-FI effects hypothesis.
could then elect to enter into an were 4-8 times greater with paroxetine
additional open-label trial of an SSRI. than placebo.
2. Matching analysis: Paroxetine-treated
patients demonstrated 3.5 times greater
change in PA and 6.8 times greater change
in NA compared to placebo-treated
subjects; paroxetine-treated patients had
1.9 times greater improvements in NA
relative to PA.
Quilty et al., Data from naturalistic and randomized, 1. MDD subjects receiving SSRIs exhibited 1. SSRIinduced reduction in NA may
2010 [54] controlled trials combined in a greater trait NA/neuroticism change than mediate depression symptom
structural equation modeling analysis those receiving noradrenergic and changes.
comparing MDD patients who received dopaminergic reuptake blockers (NDMs) 2. SEM may also be a valuable
SSRIs with those receiving and reversible monoamine oxidase technique for modeling
noradrenergic and dopaminergic inhibitors (RIMASs). antidepressant effects through the
reuptake blockers (NDMs) or reversible 2. Goodness-of-fit indices favored a mediation dimension of PA.
monoamine oxidase inhibitors (RIMAS). rather than complication model.
Harmer et al., Double-blind, controlled study of 31 Depressed patients treated with reboxetine 1. Emotional processing in depressed
2009 [55] depressed patients and 31 matched exhibited a reversal in emotional appraisal patients can be modified by the
healthy controls randomized to a single deficits, including recognition of positive acute administration of an NRI
dose of reboxetine (4 mg) or placebo. facial expressions, response speed to antidepressant in the absence of
Subjects given a battery of emotional positive self-relevant personality adjectives, symptom changes.
processing tasks before and 3 h after and memory for these positive adjectives 2. Reversal of these emotional
administration of treatment. compared to placebo. processing deficits may provide a
key substrate for synergistically
combining pharmacological and
psychological interventions.
Murphy et al., Double-blind study of 26 healthy Subjects treated with citalopram 1. Emotional processing in healthy
2009 [56] volunteers randomized to a single dose demonstrated a significantly reduced controls can be modified by the

of citalopram (20 mg) or placebo. 3 h
after administration subjects
performed an fMRI block design task
which measured neural response to
backwardly masked and unmasked
presentations of fearful, neutral, and
happy facial expressions.

amygdala response to fearful facial
expressions compared to placebo.

N

acute administration of an SSRI
antidepressant.

. Early modification of emotional

appraisal may represent a
functional mechanism for the
delayed, clinical effects of SSRI
antidepressants.
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Table 1 Continued

Antidepressant Effects on Emotional Temperament

Authors Design

Finding(s)

Significance

Knutson et al.,
1998 [67]

Double-blind, controlled trial of 51 healthy
participants randomized to a fixed dose
of paroxetine (20 mg/day) or placebo
over a 4-week period.

McCabe et al,
2010 [78]

Randomized, controlled study of 45
healthy participants randomized to 7
days of treatment with citalopram,
reboxetine, or placebo. Neural
responses to rewarding (sight and/or
avor of chocolate) and aversive stimuli
(sight of moldy strawberries and/or an
unpleasant strawberry taste) assessed
with fMRI.

Tanejaetal,
2007 [80]

Double-blind, crossover trial of 12 healthy
individuals randomized to modafinil
(400 mg) versus placebo, with 4-day
washout period between phases.

Tomarken Double-blind, controlled trial of 10

etal., 2004 depressed patients and 9 matched

(88] healthy controls randomized to 300
mg/day of bupropion SR versus
placebo. Subjects previously in the
bupropion group had their dose
increased to 400/day during a second
6-week phase, and subjects previously
in the placebo group were titrated to
300 mg/day.

Dichter etal.,
2005 [92]

Double-blind, controlled trial of 20
outpatients with MDD randomized to
fixed doses of venlafaxine XR 225
mg/day, or paroxetine 30 mg/day, over
12 weeks.

. Ratings of NA on the PANAS decreased
significantly in the paroxetine group
compared to placebo. The bulk of these
changes occurred within the first week.

2. No significant changes in PA were detected

in either the paroxetine or the placebo

group.

. Citalopram reduced neural processing of
rewarding stimuli in the ventral striatum
and the ventral medial/orbitofrontal cortex
and aversive stimuli in the lateral
orbitofrontal cortex.

2. Reboxetine, increased neural responses to

reward within the medial orbitofrontal

cortex, and had weaker effects on neural
processing of aversive stimuli.

. Ratings of PA on the PANAS increased
significantly in the modafinil group
compared to placebo.

2. Ratings of NA also increased in the

modafinil group compared to placebo.

. Bupropion produced significantly greater
improvement in PA deficits (MASQ)
compared to placebo.

. Placebo had weaker effects on PA than on
other symptom or dimensional measures.

N

1. Both agents produced similar amounts of
improvement in NA (MASQ) and depression
severity.

N

N

N

N

w

N

. First randomized, controlled study

to find that SSRIs may reduce NA in
healthy participants.

. Absence of SSRI-induced

improvement in PA is consistent
with animal and human studies
indicating SSRIs may not be
effective for anergic symptoms in a
subgroup of MDD patients

. First study to demonstrate that

SSRIs diminish the neural
processing of both rewarding and
aversive stimuli.

. May also help to explain the

often-reported emotional flattening
effect of SSRIs.

. First study to demonstrate that a

pro-dopaminergic agent may
increase PA and NA in healthy
individuals.

. May help to understand potential

for improved mood and worsened
anxiety in patients with depression.

. Suggests specific

catecholaminergic effects on PA in
MDD and supports previous studies
relating dopaminergic dysfunction
in depression to impairments in
reward processing.

. Dose/duration effect of buproprion

corroborates other studies
suggesting targeted treatment of
low PA in depression should be
sequenced in conjunction with, or
after stabilization of high NA.

. Given the weak placebo effects on

PA deficits, dimensional ratings may
provide a more generative metric
for separating antidepressant and
placebo effects.

. Did not support the hypothesis that

antidepressants with different
mechanisms have preferential
effects on PA or NA.

. Venlafaxine did not separate from

paroxetine on ratings of PA.
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Table 1 Continued

D.P. Soskin et al.

Authors Design Finding(s)

Significance

Within-subject, double-blind, placebo
controlled study of 8 healthy volunteers
to assess the effects of oral
dextroamphetamine (AMPH) on neural
processing of incentives. Subjects were
scanned during a monetary incentive
delay task, which separates
anticipatory and consummatory
incentive processing.

Knutson et al.,
2004 [102]

1. Healthy subjects receiving AMPH
demonstrated increased positive arousal
for anticipating gain and avoiding loss, as
measured by increased cue-related
excitement and changes in ventral striatum
(VS) activity.

2. AMPH subjects displayed increased right
NAcc activation during loss anticipation.

1. These data are consistent with the
“incentive salience” model of
dopamine function (103), which
posits that dopamine
predominantly mediates “incentive”
(how much work the organism will
do in relation to the reward value
assigned) and “salience” (how
attractive a stimulus is to an
organism).

. Suggests a neural mechanism for
how increased positive arousal may
facilitate reframing of potential
losses as potential gains.

N

2In order of reference.

AMPH, amphetamine; MASQ, Mood and Anxiety Symptom Questionnaire; MDD, major depressive disorder; NA, negative affect; NEO-FFI, NEO Five-Factor
Inventory; PA, positive affect; PANAS, Positive and Negative Affect Schedule; SSRI, selective serotonin reuptake inhibitor.

Dimensions of Emotional Temperament
A Working Definition of Emotional Dimensions

PA and NA can be defined as an individual’s propensity to feel pos-
itive (e.g., excitement, interest) and negative (e.g., fear, shame)
emotions, respectively. Quantitatively, they are derived from fac-
tor analysis: a technique, which summarizes a large number of
independent variables into a smaller number of latent, or un-
observed variables, referred to as “factors” or “dimensions” [11].
Watson and Tellegen initially factor analyzed multiple mood
descriptors (e.g., “delighted,” “frightened,” “jittery,” “sluggish”)
taken from studies of emotions in healthy individuals. They iden-
tified 10 specific positive and negative “affects,” or emotional fac-
tors. They then factor analyzed the 10 emotional factors, and iden-
tified two “higher order factors” [i.e., factors of factors; Ref. 12],
termed positive and negative “affectivity.”

Two principles of these dimensions are particularly relevant for
psychiatrists. The first is convergence, meaning that emotions of the
same valence strongly co-vary [13], and cluster together, particu-
larly in the high PA and NA octants (Figure 1). The second is dis-
criminance, meaning that emotions of the opposite valence weakly
co-vary [13], and may change relatively independently. Just as
convergence helps to understand why depressed mood, anger,
and irritability often co-occur [14,15], discriminance evokes Krae-
pelin’s independent dimensions of manic-depression, and may
help to explain why fluctuations and mixed mood states (e.g., ex-
citement and nervousness; euphoria and anxiety) are present in
everyday life and in emotional disorders (such as bipolar mixed
episodes).

Convergence and discriminance can also be related to patterns
of symptom change [16,17]. If a patient in remission from an
episode of MDD were feeling “enthusiastic,” he would also be

"oy

more likely to feel “alert,” “interested,” and “energetic” (conver-

gence). However, recovery of function in NA-that is, a diminution
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Figure 1 The two-factor structure of affect.

of NA-would not be expected to correlate strongly with changes
in PA (discriminance). This may underlie the finding that several
common residual symptoms of depression, such as fatigue and lack
of motivation, cluster together as deficits in PA [18]. Deficits in PA
may be less responsive to first-line treatment with serotonergic
agents, and are likely underrepresented by clinician-rated mea-
sures, such as the Hamilton Rating Scale for Depression (HAM-D)
and the Montgomery—-Asberg Depression rating Scale (MADRS),
which demonstrate bias toward the presence of general distress
rather than the absence of PA and engagement [19].

© 2012 Blackwell Publishing Ltd
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Relevance to Psychopathology

The Integrative Hierarchical Model of Mood and Anxiety Disorders
(IHHM) (20) correlates variations in emotional temperament with
discrete DSM-IV-TR affective disorders, and characterizes PA and
NA as predispositional factors, which may influence the develop-
ment and treatment responsivity of MDD. Multivariate analyses of
cross-sectional and prospective cohorts have found that depressive
and anxiety disorders are correlated with high levels of NA; panic
disorder and specific phobias are distinguished by elevation of an
additional factor, termed Autonomic Arousal (AA); and MDD and
social phobia are specifically correlated with low PA [21,22].

Directionality

It is important to remember that factor analysis models corre-
lations, but does not provide information about causal relation-
ships between variables. PA and NA can be measured as state
or temperament variables, depending on the retrospective time-
course assessed (reviewed by Clark L.A., 2005 [23]). The direc-
tion of influence relating PA and NA to emotional disorders may
involve at least four pathways: (1) predispositional—emotional
temperament may influence the development of emotional dis-
orders; (2) pathoplastic—emotional temperament may influence
the course of emotional disorders; (3) complication—emotional
temperament may be influenced, or reshaped, by the experience
of emotional disorders; and (4) spectrum—emotional dimensions
and emotional disorders may reflect a shared genetic diathesis
[23,24].

There is increasing evidence to support the predispositional
hypothesis (Figure 2). Twin studies have found a high degree
of overlap between the genetic factors thought to underlie high
NA, measured as neuroticism, and anxiety and depressive dis-
orders [25,26]. Several of the most compelling fMRI studies
have found that healthy daughters of mothers with recurrent
MDD show attenuated neural responses during reward process-
ing tasks, also characterized by decreased striatal activity, com-
pared to daughters without known genetic loading [27]; and that
unmedicated, recovered depressed patients exhibit abnormalities
in the neural representation of reward (measured as decreased
blood flow in the ventral striatum) despite reporting levels of plea-
sure similar to healthy controls [28]. Chemical depletion stud-

. ) . Env
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Envirenment /,t Hedonic Disorders
(Env) PA S Env
l Motivational l
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Functioning
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Figure 2 Predispositional Hypothesis.
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ies also suggest that catecholamines—dopamine in particular—are
prominently involved in impaired reward processing and that
low PA represents a good candidate endophenotype for MDD
[29].

Value of Dimensional Models for Classification of
Emotional Disorders

The IHHM has been extensively reviewed in the psychology lit-
erature, and is closely aligned with the NIMH Research Domain
Criteria (RDoC)—a dimensional framework for classifying mental
disorders stemming from basic behavioral neuroscience [30]. The
RDoC proposes a nosological matrix of “positive affect,” “
affect,” and three other functional dimensions, which can then be

negative

analyzed by units of “genes, molecules, cells, circuits, behavior,
and self-reports.” The RDoC Project represents an important cur-
rent approach to elucidating the pathophysiology of psychiatric
disorders recognizing that genomic and neurobiological data have
not fit neatly into DSM-IV diagnostic categories and instead may
be more relevant to broad domains that cut across several or more
disorders and/or may relate to subgroups within heterogeneous
disorders. Other potential benefits of the RDoC Project include:
(1) Preservation of psychopathology and treatment data, which
are currently lost by the exclusion of subthreshold disorders [31];
(2) Greater ability to account for high rates of comorbidity be-
tween anxiety and depressive disorders, which, as modeled by the
IHHM, are phenotypically related by high levels of NA [21]; and
(3) Greater likelihood of mapping emotional disorders onto ge-
nomic and neurobiological factors.

Studies of Antidepressant Effects on
Positive and Negative Affectivity

Value of Dimensional Models for Therapeutic
Studies in MDD

Current pharmacological treatments for MDD are considered to
be suboptimal [7]: only approximately 50% of outpatients start-
ing treatment with a serotonin reuptake inhibitor (SRI) will re-
spond [32] and fewer will remit [9]. Perhaps more problematic,
between 40% and 60% of responders will relapse within 1 year
[6,8].

In addition to the systemic limitations of large, multisite trials
[33], signal detection has likely been limited by the phenotype prob-
lem, defined here as the inclusion of heterogeneous depressive
samples in antidepressant trials. Following the RDoC approach,
we propose this problem may be mitigated by shifting research
paradigms away from depressive phenomenology and toward bi-
ologically based emotional dimensions. We examine two related
and not necessarily mutually exclusive hypotheses:

(1) Cause-correction: The antidepressant response may funda-
mentally occur through changes in emotional temperament,
with subsequent spread to syndrome or symptom changes;

(2) Preferential effects: Antidepressants with different mecha-
nisms of action may have preferential effects on PA or NA.

CNS Neuroscience & Therapeutics 18 (2012) 441-451 445
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Measures

The dimensional scales used in the antidepressant trials reviewed
below include: (1) the Positive and Negative Affect Schedule
[PANAS; Figure 3; Ref. 34], (2) the Behavioral Inhibition and Ac-
tivation System Scales [35], (3) the Revised Personality Inventory
and Five-Factor Inventory [NEO-FL; Ref. 36], and (4) the Mood
and Anxiety Symptom Questionnaire [MASQ; Ref. 17]. All four
scales measure independently derived emotional constructs, but
demonstrate high convergent and discriminant validity in non-
clinical and MDD samples [13,22,31,37]. It should also be noted
that these constructs differ importantly from Cloninger’s tridimen-
sional theory of temperament (“harm avoidance,” “reward depen-
dence,” and “novelty seeking”), which may be limited by mea-
sures, such as the Tridimensional Personality Questionnaire and
the Temperament and Character Inventory, with unstable fac-
tor structures [23]. The specific properties and limitations of the
PANAS, BIS-BAS, NEO-FI, and MASQ have been reviewed else-
where [38].

Cause-Correction
Empirical Data

Historically, changes in emotional temperament reported during
treatment were often interpreted as “state effects” [meaning “ef-
fects” of rather than “causes” of depressive change; Refs. 39-42].
However, there is growing support for the cause-correction hypoth-
esis [43], which posits that changes in emotional temperament
may cause, or independently contribute to depression improve-
ment. To test this hypothesis directly, Tang and colleagues re-
analyzed data from a double-blind MDD treatment study, which
included the NEO-FI [44]. Two hundred and forty MDD sub-
jects were randomized to treatment with 16 weeks of cogni-
tive therapy (CT), 16 weeks of paroxetine (flexibly dosed; mean
38.8 mg), or 8 weeks of matched placebo. Though all three
groups showed substantial improvement in depressive symp-
toms over the first 8 weeks, changes in PA and NA, as mea-
sured by extraversion and neuroticism scores on the NEO-PI,
were 4-8-times greater with paroxetine than placebo. Remark-
ably, when the authors controlled for changes in temperament,
the efficacy advantage of paroxetine versus placebo was no longer
significant.

The authors also compared 44 paroxetine responders with 44
placebo responders, each paired by equal amounts of depression
improvement on the HAM-D-17. They found that paroxetine-
treated patients demonstrated 3.5 times greater change in
extraversion and 6.8 times greater change in neuroticism com-
pared to placebo-treated subjects. Finally, the authors performed
a within-subject analysis of 31 patients who completed 8-weeks
of placebo-treatment followed by crossover to another 8 weeks
of selective serotonin reuptake inhibitor (SSRI)-treatment. If the
state-effect hypothesis were correct, greater temperament changes
would be expected to occur during periods of greater state
changes. However, the authors found the reverse to be true: HAM-
D scores decreased by 6.4 points during the placebo phase and
by 2.4 points during the SSRI phase; extraversion and neuroti-
cism were relatively unchanged during the placebo phase, but im-

446 CNS Neuroscience & Therapeutics 18 (2012) 441-451
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proved significantly during the SSRI phase, suggesting indepen-
dent and specific SSRI effects on emotional temperament dimen-
sions.

The cause-correction hypothesis, supported by the Tang et al.
study above, has also been explored through SEM. Quilty, Meusel,
and Bagby performed an SEM analysis, which combined data
from a naturalistic, clinic-based sample and a randomized, con-
trolled trial [RCT; Ref. 45]. Subjects with MDD receiving SSRIs
exhibited greater trait NA change, as measured by neuroti-
cism ratings on the NEO-PI, than those receiving noradrener-
gic and dopaminergic reuptake blockers (NDMs) or reversible
monoamine oxidase inhibitors (RIMAs). Goodness-of-fit indices
favored a mediation rather than complication model, meaning
that SSRI-induced reduction in NA may mediate depressive symp-
tom changes. These data require replication in additional con-
trolled treatment trials, and suggest that SEM may also be a valu-
able technique for modeling antidepressant effects through PA.

The cause-correction hypothesis is also indirectly supported by
recent affective neuroscience research exploring medication ef-
fects on emotional appraisal. Emotional appraisal can be defined as
the process of automatically assigning emotional valence to en-
vironmental stimuli. Like emotional temperament, emotional ap-
praisal appears to be pharmacologically malleable in depressed pa-
tients before symptom changes. A recent study by Harmer and
her colleagues randomized 31 depressed patients and 31 matched
healthy controls to a single dose of reboxetine (4 mg) or placebo.
Subjects were given a battery of emotional processing tasks be-
fore and 3 h after administration of treatment. Although no mood
or anxiety changes were reported in either group, depressed pa-
tients treated with reboxetine exhibited a reversal in positive emo-
tional processing deficits (including recognition of positive facial
expressions, response speed to positive self-relevant personality
adjectives, and memory for these positive adjectives) compared to
placebo [46]. Harmer and her colleagues also found that early,
antidepressant-induced changes in emotional learning and ap-
praisal occur in healthy individuals. In a study of healthy vol-
unteers, they assessed the neural effects of treatment of a sin-
gle dose of citalopram (20 mg) on emotional processing of facial
expressions. Functional MRI performed 3 h after administration
demonstrated a significantly reduced amygdala response to fearful
facial expressions compared to placebo [47]. Similar reductions in
limbic reactivity have been found in healthy individuals treated
with citalopram over 7 days [48], and the emotional processing
effects of antidepressants have also been partially replicated with
the neurokinin-1 (NK[1]) receptor antagonist, aprepitant [49].

Clinical Translations

The studies summarized above support the hypothesis that
antidepressant-induced changes in emotional temperament inde-
pendently contribute to depression improvement. If these findings
can be replicated, they would support a rationale for targeting
emotional temperament in the treatment of patients with MDD,
and perhaps, would also promote “intelligent phase 1” studies, in-
volving single administration of novel treatments in the context of
cognitive neuroscience paradigms. Early antidepressant-induced
changes in emotional processing may also provide a key substrate

© 2012 Blackwell Publishing Ltd
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for synergistically combining pharmacological and psychological
interventions [50].

Preferential Effects
The Phenotype Problem

Historically, =~ we can trace three different research
paradigms—subtyping by syndromes [51,52], mechanisms [53],
and symptom differences [54,55]—for studying heterogeneous
MDD patient samples and treatment effects. Despite decades of
research, depressive subtypes have not proven particularly helpful
for guiding choice of antidepressant. For example, although a
number of studies suggest that tricyclic antidepressants are more
effective than SSRIs for inpatients with endogenous or melan-
cholic depression [51,52], and are inferior to monoamine oxidase
inhibitors (MAOIs) for patients with atypical depression [56],
these findings have relatively little relevance to contemporary
clinical decisions given the very limited use of these agents [57].
To examine the related hypothesis—that antidepressants with
different mechanisms of action may have preferential effects on

PA or NA-we review the studies below.

Studies in Healthy Subjects

Knutson and colleagues conducted the first double-blind, RCT to
investigate the hypothesis that SSRIs may have different effects
on NA and PA in healthy individuals [58]. They randomized 51
participants to a fixed dose of paroxetine (20 mg/day) or placebo
over 4 weeks, and found that NA decreased significantly in the
paroxetine group compared to placebo; no significant changes in
PA were detected in either group.

Several findings from this study presaged temperament dimen-
sions as potentially novel, biologically based treatment targets in
MDD. The early dampening effects of serotonergic antidepressants
on NA and the related construct, negative emotional appraisal,
have now been established in clinical [46,59] and nonclinical sam-
ples [48,60]. The absence of a direct effect on PA is consistent with
evidence from animal studies of opponency between serotonergic
(2B and 2C receptors) and dopaminergic subsystems [61-63] and
with clinical trials indicating SRIs may not be effective for anergic
symptoms in a subgroup of MDD patients [64-68].

Although the serotonin system is complex and likely con-
tains multiple, dynamic subsystems (e.g., SHT1 vs. 5HT2), an-
other study by Harmer and colleagues suggests that serotoner-
gic antidepressants may “constrain” emotional responses across
both NA and PA and that noradrenergic/dopaminergic agents may
specifically enhance PA [69]. The study randomized 45 healthy
participants to 7 days of treatment with citalopram, reboxetine,
or placebo, and used functional magnetic resonance imaging to
assess neural responses to rewarding (sight and/or avor of choco-
late) and aversive stimuli (sight of moldy strawberries and/or an
unpleasant strawberry taste). The SSRI, citalopram, reduced neu-
ral processing of rewarding stimuli in the ventral striatum and the
ventral medial/orbitofrontal cortex and aversive stimuli in the lat-
eral orbitofrontal cortex. Consistent with previous studies linking
catecholaminergic effects to PA, the norepinephrine reuptake in-

© 2012 Blackwell Publishing Ltd
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hibitor (NRI), reboxetine, increased neural responses to reward
within the medial orbitofrontal cortex, and had weaker effects on
neural processing of aversive stimuli. This was the first study to
show that SSRIs diminish the neural processing of both reward-
ing and aversive stimuli, and may also help to explain the often-
reported emotional flattening effect of SSRIs [67,70].

Studies of dopaminergic agents have generated particularly
strong and selective effects on PA. Historically, stimulants have
often been prescribed to soldiers to combat fatigue and to en-
hance attention [24]. The dopaminergic anti-narcolepsy agent,
modafinil, has also been shown to increase PA in a random-
ized, double-blind crossover trial of healthy individuals [71].
Amphetamine-induced increased release of dopamine in the ven-
tral striatum is associated with increased PA [72], and radioligand-
based positron-emission tomographic (PET) studies have found in-
creased activity in dopamine-rich regions of the ventral striatum in
response to rewarding stimuli [73-75]. Functional imaging suggest
that anticipatory reward may localize to dopaminergic areas in the
nucleus accumbens, ventral tegmental area, and orbital-frontal
cerebral cortex, and that processing of consummatory rewards
predominates in the orbital-frontal cortex, medial-prefrontal cor-
tex, and putamen [76].

Open-Label and Case-Control Studies of Patients
with Major Depression

Only a small number of open-label and case-control studies have
investigated the hypothesis of preferential effects in depressed
patients. Two case-control studies suggested that SRIs may be
particularly effective for depressive symptoms (anxiety, rumina-
tion, and compulsions) related to NA [64,77]. The norepinephrine
dopamine reuptake inhibitor (NDRI), bupropion, also appeared to
reverse symptoms (fatigue, anergia, and poor concentration) re-
lated to low PA. However, both studies were limited by small sam-
ple sizes, absence of psychometrically validated dimensional mea-
sures, and retrospective designs. In contrast, two open-label tri-
als comparing depressed patients treated with SSRIs or serotonin-
norepinephrine reuptake inhibitors (SNRIs) showed nonspecific
improvements of NA and PA in both groups [40,78].

Effects of Bupropion on Low PA in Subjects with
MDD

The first double-blind, randomized trial to investigate antidepres-
sant effects on low PA in MDD was conducted by Tomarken and
colleagues [79]. The study randomized 19 subjects with MDD to
treatment with 300 mg/day of bupropion SR versus placebo. Sub-
jects previously in the bupropion group had their dose increased
to 400/day during a second 6-week phase, and subjects previously
in the placebo group were titrated to 300 mg/day of bupropion.
Bupropion produced greater improvement in PA deficits compared
to placebo, and the rate of change increased at higher doses and
with greater duration of time. In addition, placebo had weaker ef-
fects on PA than on other symptom or dimensional measures.
Despite several limitations (including a small sample and the
absence of a drug comparator), the study’s finding that bupropion
had prominent and specific effects on low PA is consistent with
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previous studies relating dopaminergic dysfunction in depression
to impairments in reward processing [80]. The authors described
a duration and/or dose-response relationship between bupropion
and PA. Given studies showing increased correlation between NA
and PA with more severe depression [81,82], it is also possible
that high initial levels of NA inhibited the activation of PA. This
dynamic affect model has not been tested in pharmacologic stud-
ies, but if correct, would suggest treatments targeting low PA in
depression should be sequenced in conjunction with, or after sta-
bilization of high NA.

Effects of Venlafaxine versus Paroxetine on PA
and NA in Subjects with MDD

The first randomized, controlled antidepressant trial to investigate
preferential effects on PA and NA was conducted by Dichter and
colleagues [83]. They hypothesized that a combined serotoner-
gic and noradrenergic antidepressant would produce greater in-
creases in PA and similar decreases in NA compared to a predomi-
nantly serotonergic antidepressant. The study randomized 20 out-
patients with MDD to fixed doses of venlafaxine XR 225 mg/day,
or paroxetine 30 mg/day, over 12 weeks. As predicted both agents
produced similar amounts of improvement in NA and depression
severity (as measured by the HAM-D-17); however, venlafaxine
failed to separate from paroxetine on MASQ ratings of PA deficits.
The authors discussed several possible explanations for this result,
including issues of power; the absence of a placebo comparator;
the final common pathway hypothesis (“drugs with an NA or 5-HT
mechanism of action might act through a final common pathway
resulting in similar response in the core symptoms of depression
[84]”); and the weak but potentially confounding noradrenergic
properties of paroxetine [85]. It is also possible that insensitivity
measure bias affected the results, because the HAM-D-17 is pre-
dominantly composed of items related to NA.

Changes in Trait Measures of PA and NA within
MDD Subjects Treated with Paroxetine versus
CBT

The largest study to compare treatment changes across emotional
dimensions was discussed above in the cause-correction hypothesis
section of this review [43]. Tang, DeRubeis, Hollon, et al. re-
analyzed data from a double-blind study of 240 MDD subjects,
randomized to 16 weeks of CT, 16 weeks of paroxetine (flexi-
bly dosed; mean 38.8 mg), or 8 weeks of matched placebo [44].
They found that both paroxetine and CT were more effective
than placebo as measured by improvement on the HAM-D, but
paroxetine produced greater changes on extraversion and neu-
roticism, with effect sizes of 0.63 (extraversion) and 0.57 (neu-
roticism). In addition, although CT separated from placebo
in reducing neuroticism, this advantage was no longer sig-
nificant after controlling for changes in depression. In the
matching analysis—a purer comparison of dimensional and
symptom change—paroxetine-treated patients had 1.9 times
greater improvements in neuroticism relative to extraver-
sion, providing partial support for the preferential effects
hypothesis.
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Clinical Translations

Given the paucity of RCTs, there is currently insufficient evidence
to support the preferential effects hypothesis. However, there are
strong neurobiological and nonclinical data indicating that stimu-
lants can serve as a powerful fulcrum for the motivational drives
and approach behaviors impaired in depression.

Biobehavioral Features

In healthy individuals, PA and NA have distinct daily patterns. PA
demonstrates a diurnal variation, with lower levels in the morn-
ing, rising and peaking as interpersonal and goal-related activ-
ities increase throughout the day, and then ebbing during the
evening, toward a nadir in sleep [13]. The distribution of NA over
24 hours can be plotted as a predominantly flat curve, with occa-
sional, sharp spikes that seem to be stimulated by perceived en-
vironmental threats. Electroencephalography (EEG) measures of
healthy subjects exhibit lateralization of electrical activity in the
left prefrontal cortex for approach behaviors (PA sensitivity) and
in the right prefrontal cortex for avoidance behaviors [NA sensitiv-
ity; Refs. 86,87]. This has been extended to MDD with four studies
showing a relative decrease in left frontal activity in depressed pa-
tients compared to controls [88-90].

Radioligand-based positron-emission tomographic (PET), func-
tional magnetic resonance imaging (fMRI), and pharmacological
studies have also linked PA and NA to two distinct motivational
systems—the behavioral activation system (BAS) and the behav-
ioral inhibition system (BIS)—for modulating approach and avoid-
ance behaviors in response to positive and negative incentives
[91,92]. Evolutionarily conserved across species, these systems
may have a unique emotional core in humans.

Clinical Translations

As discussed in the cause-correction hypothesis section, both emo-
tional temperament and emotional autoappraisal can be altered
by medications, and antidepressant induced effects may be mobi-
lized by early psychological interventions. The convergence of be-
havioral, pharmacological, and neurobiological findings supports
a biobehavioral treatment paradigm for MDD. Proof-of-concept
studies to assess for synergy between combined pharmacological
and cognitive-behavioral treatments could be of considerable im-
portance for advancing MDD treatment research.
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