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Cognitive therapy versus medication
for depression: treatment outcomes
and neural mechanisms
Robert J. DeRubeis, Greg J. Siegle and Steven D. Hollon

Abstract | Depression is one of the most prevalent and debilitating of the psychiatric
disorders. studies have shown that cognitive therapy is as efficacious as
antidepressant medication at treating depression, and it seems to reduce the risk
of relapse even after its discontinuation. Cognitive therapy and antidepressant
medication probably engage some similar neural mechanisms, as well as mechanisms
that are distinctive to each. A precise specification of these mechanisms might one
day be used to guide treatment selection and improve outcomes.
Major depressive disorder is a serious illness
that in the United States alone is estimated to
affect 13 to 14 million adults each year. The
lifetime prevalence rate (16%) is even higher,
with an estimated 32 to 35 million US
residents expected to develop the disorder
at some point during their lifetime. Not
only can depression be debilitating on its
own, it also has a high rate of co-morbidity
with other mental illnesses. Indeed, nearly
three-quarters of people who meet the
criteria for depression at some point during
their lifetime will also meet the criteria for
another psychiatric disorder: approximately
three-fifths will be co-morbid for one of
the anxiety disorders, one-quarter for
substance-use disorders and one-third
for impulse-control disorders1.
Substantial impairment in social and
occupational functioning is also frequently
788 | O CTOBER 2008 | vOLUME 9

observed in depressed individuals2. Not surprisingly, the economic burden of depression is enormous. workplace-related costs
in the United States have been estimated
at more than 50 billion dollars annually3.
Although most episodes of depression
resolve without treatment, over one-quarter
of all patients suffer from chronic depression, and the vast majority of those who
do recover from a depressive episode
will experience recurrences. Owing to its
prevalence, its chronic and recurrent nature
and its frequent co-morbity with other
chronic illnesses — both as a contributing
factor and as a consequence — depression
is considered to be the condition that is
most responsible for health decrements
worldwide. It is therefore a global health
priority to understand, prevent and treat
depression4.

The nature of depression
Depression can be defined as both a syndrome and a disorder. As a syndrome it
involves episodes of sadness, loss of interest,
pessimism, negative beliefs about the self,
decreased motivation, behavioural passivity,
changes in sleep, appetite and sexual interest,
and suicidal thoughts and impulses. As a
disorder it comes in two forms. The unipolar
type, which affects approximately 10% of
men and 20% of women, includes only episodes of depression1. Heritability estimates
for this unipolar type have ranged from
approximately 25% in less-severe samples up
to 50% in more-severe samples5.
In the bipolar form, which is commonly
known as manic depression, patients also
(or exclusively) experience episodes of
mania or hypomania that are in many ways
the opposite of depression. Manic episodes
are marked by euphoria or irritability,
sleeplessness, grandiosity, recklessness and
uncontrollable impulses that can lead to
buying sprees and sexual promiscuity 6. This
Perspective concentrates on unipolar depression, as the phenomenology differs from
bipolar depression, as do the medication and
psychological treatments. In addition, more
is known about the neural mechanisms that
underlie unipolar disorder and its treatment,
and it is unclear how these mechanisms are
related to those of bipolar disorder.
Current treatment practices
The goal of acute treatment for unipolar
depression with antidepressant medication
(ADM), the current standard of treatment, is
generally to provide symptom relief. In this
context, response is defined as a noticeable
improvement, and remission is defined
by the near absence of symptoms7. Even
when remission is achieved, patients retain
a high risk of relapse (that is, the return of
symptoms within the same episode). For this
reason, patients who have been treated to the
point of remission with ADM are advised
to continue treatment for at least 6 months
(the period of greatest risk of relapse).
Patients whose remission lasts for 6 months
are said to have recovered. However, those
who recover from depression with ADM but
then discontinue the treatment have a risk
of experiencing a new episode of depression (recurrence) that is 3 to 5 times the
risk of a member of the general population
experiencing a first episode of depression.
Consequently, practice guidelines emphasize the benefits of maintaining recovered
patients on ADMs indefinitely, especially
for patients who have a history of recurrent
(or chronic) depression.
www.nature.com/reviews/neuro
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In addition to ADM, other treatments
are effective in alleviating depression.
These include cognitive therapy (CT) and
other forms of psychotherapy, such as
interpersonal therapy8, electroconvulsive
therapy9 and electrical stimulation of the
vagus nerve10. Newer interventions, such as
behavioural activation11, neurofeedback12,13
and chronic stimulation of the subgenual
cingulate region (Brodmann area 25)14
have also shown promise in recent clinical
trials. The fact that there are various means
through which depression can be alleviated
suggests that different treatments might
engage common neural mechanisms,
although they might affect a final common
pathway through widely differing processes.
This Perspective focuses on a comparison
of CT and ADM because, among the
common effective treatments, these two
treatments have been the focus of the most
intensive research efforts, both with regard
to the outcomes that they produce and the
mechanisms that might explain their effects.
we argue that comparative investigations
of CT and ADM promise to further our
understanding of the nature of depression,
as these treatments use very different routes
of administration and because CT, but not
ADM, seems to alter the subsequent course
of depression.
Antidepressant medication
ADMs fall into a few main classes, including
older types of medication such as monoamine oxidase inhibitors (MAOIs) and tricyclic antidepressants (TCAs). More recently
developed treatments include agents that
block the reuptake of serotonin, noradrenaline or dopamine — their names refer to
the neurotransmitter systems that they are
believed to affect the most. The selective
serotonin-reuptake inhibitors (SSRIs) have
been the most widely prescribed ADMs
to date, although the newer serotonin/
noradrenaline-reuptake inhibitors (SNRIs)
are now also coming into widespread use.
The efficacy of ADM has been established
in literally thousands of placebo-controlled
clinical trials15,16. Approximately one-half of
all patients will respond to any given ADM
irrespective of its class, and many of the other
half will respond to another ADM or to a
combination of ADMs17. However, ADMs
seem to be symptom-suppressive rather than
curative18. That is, although ADM is effective in the treatment of the acute depressive
episode and is preventive so long as its use
is maintained, no published findings to date
suggest that ADMs reduce future risk of
depressive episodes once their use is
NATURE REvIEwS | neuroscience

terminated19. This suggests that causal mechanisms of depression are unchanged by ADM
treatment, and so patients are left with an
elevated risk for subsequent episodes if they
stop taking their medications. Because the
risk is not absolute — not all patients experience a return of depression after they stop
taking ADM — it is likely that these causal
mechanisms take the form of stable diatheses
that interact with negative life events to
determine the onset of subsequent episodes.
These causal diatheses might be represented
by neural processes, and research that aims to
specify these processes is ongoing.
Research on humans and animals
indicates that ADMs alter the regulatory
processes of monoamine systems, especially
the serotonin, noradrenaline and dopamine
systems, in such a way as to reverse pathological patterns of functioning that arise
during the depressive episode. These agents
affect neurotransmitter degradation (in the
case of MAOIs) or reuptake mechanisms (in
the case of TCAs, SSRIs and SNRIs) in areas
of the limbic system that subserve emotional
responses, appetite, sexual interest and
sleep, all of which are notably disordered in
depression. Changes in neurotransmitter
availability are known to trigger various
other changes in the brain, such as decreases
in amygdala activity20 and decreases in
neurogenesis in the hippocampus21. They
also affect higher cortical processes, through
direct projections as well as indirect connections. However, the long-term effects of
these changes on cognition and behaviour
have not been examined. Moreover, the lack
of evidence that in humans ADM treatment
reduces the risk of developing subsequent
depressive episodes suggests that the changes
in brain function and structure that are
thought to result from ADM treatment do
not confer protection against the return of
symptoms once ADM is discontinued.
Cognitive therapy
CT is the best-known and most widely tested
of a larger family of cognitive behavioural
interventions. Like ADM, it is a safe and
efficacious treatment for acute episodes of
major depressive disorder. CT is based on
the premise that inaccurate beliefs and maladaptive information processing (forming
the bases for repetitive negative thinking)
have a causal role in depression. This ‘cognitive model’ posits that when maladaptive
thinking is corrected, both acute distress
and the risk for subsequent symptom return
will be reduced. Contrasting with the lack
of evidence of enduring effects of ADMs is
the substantiation of claims that CT provides

protection against relapse and, possibly,
recurrence18.
Aaron T. Beck developed CT for
depression in the 1960s. By 1979 he and
his colleagues had codified the treatment
in a detailed manual22. In CT, therapists
aim to help patients acquire the abilities to,
first, identify the thoughts and images that
accompany and precede the experience of
upsetting emotions; second, distance themselves from the beliefs that are embedded in,
or implied by, these thoughts and images;
third, question, often through experiments,
the validity of their beliefs (for example,
what is the evidence for this belief? Are
there alternative explanations for the event
that triggered the beliefs?); and fourth, identify the themes in the content of the thoughts
and images that occur across a range of
situations.

…even if CT and ADM work
through the same mechanisms
in the same temporal order
to relieve the acute distress
associated with depression, any
enduring effects of CT must be
produced by mechanisms that
are not mobilized in the same
way by ADM.
Outcomes of CT versus ADM
Findings from initial studies that compared
CT with ADM, which were conducted in the
1970s and 1980s, suggested that CT is as efficacious as ADM in reducing acute distress,
and that its effects are more enduring23–30.
However, in a major placebo-controlled trial
of ADM versus CT, Elkin et al. reported that,
for patients who began the trial with severe
symptoms, ADM was more efficacious than
CT, and CT was not demonstrably more
efficacious than placebo31. Moreover, there
was little evidence for an enduring effect of
CT32. However, there were suggestions in
these data that the outcome of CT varied
across research sites as a function of therapist experience, which might account for the
apparent discrepancy between these findings
and those that have been obtained in other
randomized trials of CT and ADM33. Indeed,
a mega-analysis of data pooled across the
major CT–ADM comparisons showed that
the two types of treatment are comparably
effective in severely depressed patients34.
None of the above-cited studies was
designed to test these treatments specifically
vOLUME 9 | O CTOBER 2008 | 789
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sant medication have
comparable
short-term
effects. This graph shows the response of outpatients who had moderate-to-severe depression
to cognitive therapy (CT), antidepressant medication (ADM) or placebo. Patients who were
assigned to ADM or to CT showed a significantly
higher response rate after 8 weeks of treatment
than those who were assigned to placebo. After
16 weeks of treatment the response rates of ADM
and CT were almost identical35.

in severely depressed patients. Even in
the Elkin et al. study, the sample sizes of
severely depressed patients were under 30
per condition. In a more recent CT–ADM
placebo-controlled comparison, 240 severely
depressed patients were randomized to
ADM (n = 120), CT (n = 60) or a (pill)
placebo control (n = 60) treatment35. ADM
involved paroxetine (an SSRI), augmented
with lithium or desipramine as needed. The
providers of both the ADM and the CT were
experienced practitioners who received
feedback and supervision throughout the
period of the study. As shown in FIG. 1, both
CT and ADM outperformed placebo at
the 8-week assessment point (after which the
placebo condition was discontinued). At the
end of the 16-week treatment phase of
the study, there were no differences in
outcome between ADM and CT, with 58%
of patients in both treatment groups meeting
the criteria for ‘response’. Curiously, there
was no indication that the two treatments
affected different symptom clusters of
depression: patients treated with either
ADM or CT showed comparable rates of
change of both cognitive and vegetative
symptoms of depression36. This contrasts
with results from studies that compared
ADM with other psychosocial interventions.
For example, one study reported that ADM,
790 | O CTOBER 2008 | vOLUME 9

when compared with interpersonal psychotherapy, produced a more rapid resolution
of vegetative symptoms such as insomnia,
despite the fact that both treatments caused
comparable levels of overall improvement in
depression-symptom severity37.
In the continuation phase of the recent
CT versus ADM study, patients who
responded to 16 weeks of ADM were
randomly assigned to either continue the
treatment or change to a (pill) placebo condition38. Patients who responded to 16 weeks
of CT were withdrawn from treatment and
allowed no more than three booster sessions
(never more than one per month) during
the first year of the follow-up period. As
shown in FIG. 2, 76% of the ADM responders
relapsed following medication withdrawal,
compared with only 31% of the patients who
had been treated with CT38. Patients who
continued ADM also fared better than
patients who were assigned to the placebo
treatment, with a relapse rate of 47% (which
did not differ significantly from the 31%
relapse rate in the CT group). After the continuation phase had ended, the patients who
had not relapsed while on ADM were withdrawn from medication. Of these patients,
54% experienced a recurrence (the onset of
a new depressive episode), compared with
only 17% of the patients who had previously
been given CT.
These findings, which are consistent with
the pattern that has been observed in previous studies, indicate that CT has an enduring effect that is not found with ADM. This
suggests that, whereas the acute responses
to CT and ADM might be due to changes
in similar mechanisms (consistent with the
similar rates of change of different symptom
clusters resulting from the two types of treatment), CT can be assumed to also produce
changes that ADM does not. Attempts to
determine whether the two types of treatment affect different symptom domains,
which could acount for the difference
in their enduring effects, have not thus far
succeeded. It might therefore be useful to
consider differences in more-subtle underlying mechanisms of change that are not
apparent at the symptom level.
Some relevant brain mechanisms
For two reasons, neuroscience provides
an excellent platform for studying the
mechanisms that underlie depression and
the effects of ADM and CT treatment.
First, understanding how alterations in
brain activity are associated with the initial
response to treatment and subsequent
symptom return could contribute to a

mechanistic explanation for the treatment
patterns that have been observed (and which
were described above). Second, initial data
are already suggestive, in that changes in
brain activity that have been associated with
depression have also been observed in individuals who have recovered from depression
but are at risk for recurrence39,40. These data
suggest that assessments of brain function
could be used to predict the onset and
recurrence of depressive episodes.
The following sections thus introduce
one account of how changes in activity in
brain areas that are thought to be involved in
depression might interact, and also describe
some implications for an understanding of
the short-term similarities and long-term
differences between the effects of CT and
ADM. what follows is not meant to be
a comprehensive summary of the many
investigations that have contributed to our
understanding of the nature of brain function in depression. Rather, as the direct aim
of CT is to bring about changes in the way
that patients process emotion-relevant information, with the assumption that the behavioural and vegetative features of depression
will remit as a consequence of the cognitive
changes, we emphasize evidence from studies
that made use of emotional stimuli or that
focused on the brain circuits that have been
found, experimentally, to be involved in
emotion regulation. In particular, aspects of
emotional information processing that are
often observed in patients with depression,
such as repetitive negative thinking, have
been associated with increased limbic activity
and decreased activity in the prefrontal cortex. As described below, converging evidence
for these associations has been obtained with
various neuroimaging methods, predominantly positron-emission tomography (PET)
and functional MRI (fMRI).
Increased or sustained amygdala activity.
The amygdala, a limbic region that is important for processing the emotional aspects
of information and generating emotional
reactions41, projects to cortical and subcortical regions, such as the hippocampus, which
subserves the creation and maintenance
of emotional associations in memory42.
Through these connections, increases in
amygdala activity could foster sustained
repetitive negative associations. Alterations
in amygdala volume and activity have been
observed in samples of depressed patients43,
with the most-consistent evidence suggesting increased and relatively unmodulated
amygdala activity20,44–46. Such abnormalities
in neural processes and associated cognitive
www.nature.com/reviews/neuro
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Decreased prefrontal control. Given that
the prefrontal cortex exerts an inhibitory
effect on limbic regions such as the amygdala49–54, sustained emotional reactivity
might result from decreased prefrontal
executive control. The existence of inhibitory connections from the orbital prefrontal
cortex (OFC) and ventromedial regions,
such as the rostral and subgenual cingulate
gyri, to the amygdala55,56 suggests that these
regions might exert a ‘damping’ effect on
the amygdala, and therefore on emotional
reactivity. In particular, alterations in
the activity of the rostral and subgenual
cingulate regions (Brodmann areas 24 and
25), which have direct connections to the
amygdala, have been consistently implicated
in depression53,57,58. However, it is likely
that these regions are themselves enervated
by ‘upstream’ processes in regions that are
directly involved in executive control. The
dorsolateral prefrontal cortex (DLPFC),
in particular, is implicated in activating
brain mechanisms that are necessary for
completing tasks59, yielding decreased
activity in other, non-task-relevant regions.
The DLPFC might specifically inhibit the
amygdala through cortico-cortical connections to the OFC60. Consequently, depressed
individuals might suffer from decreased
control of amygdala activity as a result of
deficits in early automatic prefrontal mechanisms and in the higher-level areas that have
been implicated in executive control, such
as the DLPFC44,50,61,62. An important result
of this disinhibition is continued increased
amygdala activity, potentially facilitating
prolonged emotional reactivity. Inhibitory
connections from the amygdala back to the
prefrontal cortex could further contribute to
these deficits in the regulation of emotion.
In support of the hypothesis of decreased
prefrontal control in depression, findings
from both resting-state PET imaging and
task-related fMRI studies suggest that
depressed individuals have decreased
prefrontal activity compared with healthy
individuals46,52,63–65. Depressed individuals
also perform poorly on tasks that assess
executive control and working memory66,67,
particularly those that engage the DLPFC68,69.
Impairment in these functions in depressed
individuals is especially evident under conditions that require sustained activation of
executive resources. For example, in a study
in which the participants’ task was to judge
NATURE REvIEwS | neuroscience
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second phase of the parent antidepressant medication (ADM) versus cognitive therapy (CT) study35
followed patients who had responded to ADM or to CT38. Patients who had responded to ADM were
randomly assigned to either continue ADM treatment for one year (beige and red lines) or to change
to placebo treatment for 1 year (green line). Patients who responded to CT were allowed three sessions
of CT during the 1-year continuation period. in the follow-up period, none of the patients received
any treatment. The figure shows that prior treatment with CT protected against relapse of depression
at least as well as the continued provision of ADM, and better than ADM treatment that was subsequently discontinued. Note that the patient group that was given ADM in the continuation year
contained a number of patients who did not adhere to the medication regimen. The red line indicates
the response of the ADM-continuation group including these non-compliant patients, whereas the
beige line shows the response of the patients in this group after the non-compliant patients had been
removed from the analysis. Figure modified, with permission, from REF. 38  (2005) American Medical
Association.

whether degraded pictures of digits were
zeros, depressed individuals’ performance
worsened over time to a greater extent than
controls’ performance70. In support of the
idea that increased limbic activity interferes
with prefrontal regulatory function,
processes that engage sustained elaborative
emotional processing, such as rumination,
also seem to interfere with cognitive tasks
in patients with depression71. Findings from
several studies that examined resting-state
electroencephalograms (EEGs) suggest that
there is decreased left prefrontal activity
in depressed individuals, relative both to
depressed participants’ right frontal EEG
activity and to EEG measures taken from
the left prefrontal regions of healthy individuals60. Consistent with the picture that is
suggested by findings from other studies, a
recent study used fMRI to demonstrate, in
a sample of depressed patients, decreased left
DLPFC recruitment during executive control and emotional information-processing
tasks, as well as decreased functional
relationships between DLPFC activity and
amygdala activity 46.

In the following sections we thus consider
two mechanisms that could be implicated in
maintaining depressive functioning: abnormally increased and sustained limbic (especially amygdala) activity, and abnormally
low prefrontal control. The amygdala and
the prefrontal cortex are but two of the brain
regions for which there is evidence of dysfunction in depression61, and some accounts
of brain abnormalities in patients with
depression have emphasized the significance
of neurochemical systems rather than brain
regions50,52,58,72–74. For example, Mayberg and
colleagues have cited evidence in support
of their hypothesis that an extensive brain
network is impaired in individuals with the
full syndrome of depression74,75. Their work
has included examinations of activity in the
DLPFC, the rostral and posterior cingulate
gyri and the OFC in association with cognitive processes, including attention and selfreferential focus. They have also reported
evidence that links the vegetative and
circadian aspects of depression to the insula,
the subgenual cingulate gyrus and the hypothalamus76. These regions have been shown
vOLUME 9 | O CTOBER 2008 | 791
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and emotional tasks associated with cognitive therapy. in one study,
9 depressed
participants
and 24 control participants completed tasks that involved rating the personal relevance of negative
words (a) and arranging digits in numerical order (b) before and after 12 weeks of cognitive therapy
(CT). As shown, CT was associated with (a) normalization of amygdala activity (arrow in brain image)
in response to emotional words and (b) with normalization of dorsolateral prefrontal activity (circle in
the brain image) during a cognitive task that involved putting digits in numerical order in working
memory86. Figure based on unpublished observations by G.J.s. and Michael Thase (University of
Pittsburgh Medical Center).

not only to interact with the regions that we
are concentrating on in this article, but also,
as a full network, to yield insights into differential aspects of remission and recovery
in CT and ADM treatments75. This broader
conception has also led this group to consider, for example, non-pharmacological and
non-psychotherapeutic interventions that
might have specific effects on this circuitry14.
However, the purpose of this Perspective is
to formulate a hypothesis that on the one
hand describes the brain functions that are
thought to be disrupted during depression
and ameliorated by short-term treatments
with ADM or CT, and that on the other
hand can account for the observation that
the effects of CT endure, relative to those of
ADM. This approach emphasizes the cognitive and emotion-dysregulation aspects of
depression rather than the neurovegetative
symptoms, and consequently focuses on the
brain regions that are typically associated
with those features.
Effects of treatment on brain circuitry
Both CT and ADM probably affect limbic
and prefrontal circuitry, although their
proximal mechanisms of action might differ.
A primary goal of CT is to replace automatic
emotional reactivity with more-controlled
processing77. CT might thus increase
792 | O CTOBER 2008 | vOLUME 9

inhibitory executive control, helping to
interrupt or dampen automatic limbic
reactions. In fact, functions of the PFC
that are impaired in depression, such as
task-related direction of attention66, willful
regulation of emotional responses53,54,78,79,
and reappraisal80, are the focus of therapeutic
activity in CT. Many of these cognitive
processes are also associated with decreased
limbic, especially amygdala, activity53,54,78,79.
Possibly as a consequence, probable correlates of sustained limbic reactivity, such
as dysfunctional negative cognitions, are
decreased following CT81–84, although these
causal links have yet to be firmly established.
The few findings that have emerged
from neuroimaging studies of changes in
emotional reactivity during CT are consistent with this formulation. One of the
authors of this Perspective (G.J.S.) observed,
using fMRI, increased amygdala activity
in depressed patients, relative to controls,
before CT in a task that required them to
rate the personal relevance of emotional
information, and decreased DLPFC
activity, relative to controls, in a task that
required them to arrange digits in numerical order46,85. As shown in FIG. 3, in a small
sample of 9 participants46 that was assessed
after 14 weeks of CT, these abnormalities
normalized: amygdala activity in response

to emotionally relevant information
decreased86 (FIG. 3a, traced left amygdala
region, mixed effects analysis as in REF. 46;
pre-treatment group × scan: F7,209.2 = 7.9,
p <0.0005; post-treatment group × scan:
F7,207.4 = 1.3, p = 0.24; significant pre-topost-treatment reduction from 6 to 12 s:
t(8) = –3.55, p = 0.01, d = –1.18), and
prefrontal activity during the cognitive
digit-sorting task increased, nearly to the
level observed in healthy controls86 (FIG. 3b,
empirically detected dorsolateral prefrontal
region46 displaying pre-treatment decreased
activity in depressed compared with control
participants in response to putting five
digits in numerical order: pre-treatment
group × scan: F11,416.6 = 7.9, p <0.005;
post-treatment group × scan: F11,418.2 = 0.63,
p = 0.64). This result is conceptually similar
to results that have been obtained in fMRI
studies of cognitive-behavioural therapy for
specific phobia, in which patients who were
treated successfully with cognitivebehavioural therapy showed normalization
in the activity of structures that have been
implicated in emotional reactivity 87,88. In further support of the idea that CT is associated
with increased functional use of the DLPFC
is the finding that training in prefrontal
executive tasks is associated with increased
DLPFC activity during cognitive tasks
and with decreased amygdala reactivity in
response to emotional stimuli after therapy 89.
Yet Mayberg et al. have described, using
resting-state PET studies, that recovery in
CT is associated with decreased, rather than
increased, resting DLPFC metabolism90. The
apparent contrast between this finding and
those that suggest that CT results in greater
frontal activity during frontal tasks could be
resolved if one considers that recovery might
involve the lowering of tonic resting-state
activity, to allow for greater reactivity when
executive control is recruited; however, this
hypothesis has yet to be tested in the context
of neuroimaging investigations.
ADM might target limbic regions
directly, rather than relying on inhibition
through the prefrontal cortex. SSRIs increase
the availability of serotonin at the synapse,
which could lead to inhibition of the
amygdala as well as of other ventral limbic
regions, as has been observed in resting-state
neuroimaging studies91–98. Although activity
in dorsal prefrontal regions also increased in
these studies, such effects could have
resulted from decreased limbo-cortical
inhibition. Findings from fMRI studies suggest that symptom decreases produced by
SSRIs lead to a functional decrease in limbic
reactivity to emotional faces20,99. Increases in
www.nature.com/reviews/neuro
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DLPFC and perigenual cingulate activity as
the result of treatment with SSRIs and SNRIs
have also been observed99,100, again consistent with the possibility that SSRIs and SNRIs
act on inhibitory mechanisms. However,
direct comparisons of these results with
those that have been obtained with CT have
not been made.
FIGURE 4 shows the patterns of response
to CT and ADM that we propose on the
basis of the evidence and theory that are
summarized in this Perspective. As shown
in the figure, acutely depressed individuals could be characterized by decreased
prefrontal function, possibly arising in
part from increased amygdala reactivity.
we propose that CT operates by bolstering prefrontal function, whereas ADM
operates more directly on the amygdala.
These treatments might thus result in end
states that are, in one important respect,
similar: normalized amygdala and PFC
activity might result from either ADM or
CT. Further investigation of the differences
in short-term responses will be crucial,
then, for understanding why CT produces
a sustained effect whereas ADM does not.
If the amygdala is the ‘point of entry’ for
environmental stressors, cessation of ADM
treatment could leave a person at risk of
having strong maladaptive reactions to new
environmental insults. By contrast, if CT
works by building skills that require the
active operation of the PFC, the effects of
CT on PFC activity and function might be
relatively enduring.
Consistent with this conceptualization,
some of the mechanisms of action would be
expected to differ between CT and ADM.
Findings from randomized comparisons
of CT and ADM suggest that they indeed
engage different psychological mechanisms.
For example, a change in negative expectations predicts subsequent change in depression in people treated with CT but not in
people treated with ADM84, and a change in
information-processing biases, such as the
kinds of causal attributions that people make
for negative life events, predicts absence of
relapse following treatment termination
and seems to mediate the enduring effect of
CT101. Although there are as yet no published
fMRI studies that compare patients treated
with CT and patients treated with ADM,
PET studies have shown post-treatment
differences in resting-state measures of brain
function between these groups75,90,93,102,103. As
discussed previously, the response to CT has
been associated with decreased resting-state
activity in the prefrontal cortex, and with
increased resting-state activity in the
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a Before ADM or CT

Amygdala hyperactivity leads to
decreased PFC function or efficiency

b CT

Increases PFC functioning

Increased PFC function
leads to decreased
amygdala reactivity

d After ADM or CT
c ADM

Decreases amygdala hyperactivity directly

Figure 4 | Hypothetical time course of the changes to amygdala and prefrontal function that
Nature
| Neuroscience
are associated with antidepressant medication and cognitive therapy.
a |Reviews
During acute
depression, amygdala activity is increased (red) and prefrontal activity is decreased (blue) relative to activity
in these regions in healthy individuals. b | Cognitive therapy (CT) effectively exercises the prefrontal
cortex (PFC), yielding increased inhibitory function of this region. c | Antidepressant medication (ADM)
targets amygdala function more directly, decreasing its activity. d | After ADM or CT, amygdala function
is decreased and prefrontal function is increased. The double-headed arrow between the amygdala
and the PFC represents the bidirectional homeostatic influences that are believed to operate in
healthy individuals.

hippocampus and the dorsal cingulate91.
This pattern was in some important respects
the opposite of that which was exhibited by
a matched group of patients who responded
to the ADM paroxetine, in whom prefrontal
increases and hippocampal and subgenual
cingulate decreases were observed90. Thus,
whereas CT might allow a resetting of tonic
prefrontal activity, to yield greater capacity
for ‘top-down’ emotion regulation when it is
needed (such as when skills taught in CT are
engaged), ADMs might increase subcortical
cingulate metabolism tonically, creating a
‘bottom-up’ effect whereby relevant limbic
regions are tonically inhibited during ADM
administration.
This interpretation, although speculative, is consistent with fMRI data obtained
from patients who had responded to ADMs,
in whom decreased amygdala responses
to neutral as well as emotional faces was
observed20. In another fMRI study, depressed
patients who were treated successfully with

SSRIs displayed increased corticolimbic
connectivity at rest, but not in response to
emotional stimuli104. This finding is consistent with the idea that ADM decreases limbic
activity, which in turn leads to prefrontal
disinhibition.
prediction of change
A neuroimaging-informed understanding
of the brain mechanisms that are engaged
by CT and ADM treatment could lead to
the development of algorithms that predict
which treatment is more likely to benefit a
given patient76. Moreover, given the evidence
of enduring effects for CT, there is reason to
think that changes in the brain mechanisms
that are mobilized by CT should be especially likely to endure. Measures of alterations in these mechanisms might thus allow
one to differentiate between patients who
would benefit most from CT or from ADM,
and might predict resistance to relapse and
recurrence following the termination of
vOLUME 9 | O CTOBER 2008 | 793
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treatment74. Ideally a model such as the one
we have proposed could be used to explain
the heterogeneity of depressive symptoms,
and thereby serve as a basis for guiding treatment selection. whereas the ultimate goal
of treatment would be to produce the kind of
synchronized modulation of the final, common limbic-cortical pathways that is considered to be crucial for illness remission74,
the targeted mechanisms would depend on
individual vulnerability factors. To the extent
that CT and ADM both address abnormal
limbic function, high levels of amygdala
reactivity should predict recovery in either
intervention. In fact, fMRI data suggest
that high levels of amygdala reactivity to
emotional stimuli predict recovery from
depression with CT85 as well as with other
interventions, including ADM105. Amygdala
reactivity has similarly been shown to
predict recovery after both CT and ADM in
patients with anxiety pathology106.
CT’s focus on helping depressed individuals to increase their emotion-regulation
skills could similarly explain why patients
with the lowest levels of activity in regulatory
structures, such as the rostral and subgenual
anterior cingulate gyri, would benefit most
from CT85,107. By contrast, because ADM
targets limbic activity directly, patients with
decreased rostral and subgenual cingulate
activity would not be expected to recover
from depression on ADM treatment. Rather,
increased rostral cingulate activity, both in
resting-state studies and in an fMRI study
of reactivity, has predicted recovery during
ADM treatment76,93,100,108–110. Taken together,
these findings suggest that amygdala activity
might represent a general predictor of recovery. Decreased rostral and subgenual cingulate activity might predict a good response to
CT, whereas increased rostral and subgenual
cingulate activity might predict a better
response to ADM. An algorithm of this
kind might therefore be used for selecting
treatments for individual patients.
Conclusions and future directions
The prevalence of depression is high, and the
burdens that it places on society are enormous. Research in the past few decades has
led to the discovery, refinement and testing
of new, effective treatments for depression.
Nonetheless, our best treatments currently
produce symptom remission in fewer than
two-thirds of the patients who receive
them, and sustained recovery is achieved in
approximately one-third of treated patients.
Neuroscience research has the potential to
enhance our ability to match patients to the
treatments that would most benefit them,
794 | O CTOBER 2008 | vOLUME 9

and to provide clues as to how to refine the
treatments so that they can be delivered
more effectively and efficiently.
Future investigations should include, in
addition to neuroimaging studies aimed at
identifying potential predictors, assessments
of other important depression-relevant
phenomena, so that imaging, symptom,
cognitive, genetic and patient-history
variables can be linked to the outcomes
of psychotherapeutic or medication treatments. A study by Nemeroff and colleagues
provides an excellent example of the prediction of differential outcomes of ADM and
Cognitive Behavioural Analysis System of
Psychotherapy (CBASP111, a variant of CT),
using an important early-history variable112.
Adult patients who reported early-childhood
trauma before randomization to ADM or
CBASP improved more with CBASP than
with ADM, suggesting a correspondence
between the targets of CBASP and the
pathological processes that were set in
motion by the early-childhood trauma112.
Genetic studies have also shown the potential to reveal links between polymorphisms
and the cognitive processes that are targeted
in psychotherapies such as CT113, suggesting
the possibility that in the future genotyping
could be used as a prognostic tool.
The formulation of depression that we
have discussed, which focuses on uncontrolled limbic reactivity in conjunction
with decreased prefrontal control, could
inform the development and refinement
of treatments for depression, as well as the
differential prediction of response to generally effective treatments. Detecting such
moderating effects for treatment response is
in its infancy. The formulation suggests that
patients with increased limbic reactivity in
the absence of decreased regulatory control
would be prime candidates for ADM,
whereas those with prominent difficulties
in emotion regulation, especially if it is
associated with decreased prefrontal function, might benefit more from CT. As noted
by Kazdin, differential moderation always
implies differences in the mechanisms that
are engaged by the treatments114. Direct
comparisons in which patients who are
heterogeneous with respect to these underlying neural characteristics are randomized
to the respective modalities are needed if
models such as the one we have proposed
are to be subjected to rigorous tests.
The evidence shows that CT is as efficacious as ADM, and that its effects are more
enduring. Thus, even if CT and ADM work
through precisely the same mechanisms in
exactly the same temporal order to relieve

the acute distress that is associated with
depression, any enduring effects of CT must
be produced by mechanisms that are not
mobilized in the same way by ADM. The
model that is proposed in this article suggests that CT helps patients learn to recruit
prefrontal regulatory mechanisms — a skill
that these patients could continue to use
long after treatment ends. Exploring the
neural bases of these effects should enhance
our understanding of the nature of depression and allow us to develop more powerful
and targeted preventive interventions.
Most of the published research that
compared the changes in brain function
that are associated with CT and ADM used
resting-state assessments. Challenge
paradigms, in which emotional stimuli are
presented to depressed individuals during
neuroimaging assessment after the end
of treatment, could elucidate some of the
mechanisms of recovery that are associated with online emotion regulation. Such
paradigms, alone or in combination with
resting-state studies, could also indicate
which neurocognitive features can be used
to predict which patients are most likely to
benefit from continued treatment.
Another virtually unexplored area is the
examination of the time course of recovery
from depression after treatment. That is,
although CT and ADM might initially work
through different mechanisms, the initial
increases in PFC activity that are associated
with CT could lead, after a prolonged period
of recovery, to stable decreases in the activity or reactivity of the amygdala. Similarly,
decreased amygdala activity associated with
ADM treatment could disinhibit prefrontal
resources and lead, over time, to increased
reliance on prefrontal function, so that
in the presence of an affective stimulus
normal emotion regulation can occur. Thus,
examination of brain function months or
years into recovery could reveal similar
effects of CT and ADM. Research examining
these hypotheses would require the imaging
of depressed individuals not only before and
immediately following treatment, but also
long after recovery.
Careful attention to the temporal relations between cognition and emotion and
their underlying neural substrates might be
needed to tease apart the mechanisms that
underlie different interventions, especially
when these interventions produce comparable short-term outcomes, as seems to be the
case for CT and ADM. Different treatments
might produce similar outcomes through
the same or different mechanisms, whereas
different outcomes always reflect differential
www.nature.com/reviews/neuro
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mechanisms or between-treatment differences in the potency of the effects on
common mechanisms115. Given that a
measure of an underlying process might
reflect a cause of change in one modality
and a consequence of change in another, it is
important to assess purported mechanisms
repeatedly across the course of treatment
and to examine temporal patterns of covariation with subsequent outcomes as a function
of differential treatment84.
Clinical experience suggests that patients
treated with CT first learn to apply the CT
strategies each time they experience their
habitual tendency to process information
in a negatively biased manner. That is, they
acquire and then implement ‘compensatory skills’. Repeated application of these
skills seems to result in the alteration of the
patient’s general beliefs about themselves, as
inferred from an increasing tendency, over
time, for patients’ prepotent reactions to be
free of the negative biases that are characteristic of depressed people and of people
who are prone to depression. This process is
referred to as the ‘accommodation’ of beliefs
to new evidence116. It is tempting to speculate
that this progression in clinical course reflects,
and is reflected by, a progression of changes in
distinct neural mechanisms, with initial gains
being mediated by increased inhibitory cortical control exercised by conscious processes,
and the maintenance of these gains resulting
from a reduction in the frequency and intensity of maladaptive negative reactions to life
events, produced by a tempered reactivity in
relevant limbic regions.
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