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Abstract
In this Seminar we discuss developments from the past 5 years in the diagnosis, neurobiology, and
treatment of major depressive disorder. For diagnosis, psychiatric and medical comorbidity have
been emphasised as important factors in improving the appropriate assessment and management of
depression. Advances in neurobiology have also increased, and we aim to indicate genetic,
molecular, and neuroimaging studies that are relevant for assessment and treatment selection of
this disorder. Further studies of depression-specific psychotherapies, the continued application of
antidepressants, the development of new treatment compounds, and the status of new somatic
treatments are also discussed. We address two treatment-related issues: suicide risk with selective
serotonin reuptake inhibitors, and the safety of antidepressants in pregnancy. Although clear
advances have been made, no fully satisfactory treatments for major depression are available.

Epidemiology, comorbidity, and diagnosis
Worldwide, depression is a seriously disabling public health problem of very high
prevalence.1 Major depressive disorder has a 12-month prevalence of 6·6% and a lifetime
prevalence of 16·2%, is twice as common in women as in men, and causes considerable
impairment. Age-of-onset distributions suggest that depression is prevalent for the entire
lifespan.2 The disorder not only produces decrements in health that are equivalent to those of
other chronic diseases (eg, angina, arthritis, asthma, and diabetes), but also worsens mean
health scores substantially more when comorbid with these diseases, than when the diseases
occur alone.3 A crucial implication is that primary care providers should not ignore the
presence of depression when patients have a chronic physical disorder.

Overdetection and underdetection are important factors that should be considered to ensure
the appropriate diagnosis and management of clinical depression.4 Although a meta-
analysis5 concluded that general practitioners correctly exclude depression in most
individuals who are not depressed, overdetections (false positives) can outnumber missed
cases. The presence of anxiety with depression can increase difficulties in diagnosis. Some
researchers have argued that the establishment of anxious depression as a specific diagnosis
would substantially improve identification of depression in primary care settings, and such a
category has been proposed for the fifth edition of the diagnostic and statistical manual of
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mental disorders (DSM-5) and for the 11th revision of the international classification of
diseases (ICD-11).6

Although in this Seminar we focus on major depressive disorder (bipolar disorder has been
addressed in other Seminars in The Lancet7), studies that better elucidate the boundaries and
phenotypical description of the disorder are highly relevant. In up to 40% of patients, major
depression is associated with lifetime occurrences of isolated manic or hypomanic
symptoms that do not cluster in a way that is consistent with a diagnosis of hypomania.
Furthermore, such symptoms can be concurrent with syndromal-level major depressive
disorder.8,9 Further investigation is needed to examine the treatment and prognosis of major
depression that is associated either concurrently, or at other points in the patient’s history,
with hypomanic symptoms.10 This investigation could be facilitated by proposed changes in
DSM-5, which include the possibility of a mixed specifier indicating the presence of sub-
threshold hypomanic symptoms in those with unipolar disorder.

Major depressive disorder was assumed to precede generalised anxiety disorder until a 32-
year prospective follow-up study11 challenged this notion. Indeed, the reverse pattern seems
to be frequently present, and the combination of generalised anxiety disorder and major
depression might represent an additional burden. Social anxiety disorder (social phobia) is
now also regarded as an important and consistent risk factor for the development of severe
depression.12 Furthermore, comorbid personality disorder seems to confer a worse prognosis
and poorer treatment response than does major depression alone.13 Some of the risk factors
for the metabolic syndrome (eg, obesity), might also increase the risk of depression and, in
turn, depression increases the risk for development of obesity.14 These two-way relations
might be the reason for the increased association between depression and coronary artery
disease.

Kendler and colleagues15 have shown a major relation between depression and coronary
artery disease, mainly in acute states. A high severity of depression within several weeks of
admission to hospital for an acute coronary syndrome, or an inadequate treatment response
in depression, can double cardiac mortality in 6·7 years of follow-up.16 Studies examining
depression and anxiety as predictors of 2-year cardiac events in patients with stable coronary
artery disease have shown a high likelihood of major adverse cardiac events in those with
depression.17 These results have led to the recommendation that all patients with coronary
artery disease be screened for depression;18 however, this recommendation is somewhat
controversial.19 Studies of the relation between depression and diabetes have led to new
conclusions—eg, that clinical depression is associated with a 65% increased risk of diabetes
in elderly people.20 Major and minor depressions seem to be implicated in this relation.21

These studies22 emphasise the importance of identification and treatment of depression in
the physically ill.

Advances in neurobiology
Genetic studies

Genetic, molecular, and neuroimaging studies continue to contribute to advances in our
understanding of the neurobiological basis of major depressive disorder. However, the
extent to which findings from neurobiological studies can help improve the clinical and
functional outcome of individuals with the disorder is still uncertain. Thus, in the past 5
years, neurobiological research of depression has become two-tiered to: (1) understand the
pathophysiology of the illness; and (2) identify the neurobiological measures for guiding
treatment choice.

Kupfer et al. Page 2

Lancet. Author manuscript; available in PMC 2012 July 16.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



The identification of single candidate genes associated with major depression has been
difficult because of the likelihood that complex psychiatric illnesses are under polygenic
influence and are associated with interactions between genetic variants and environmental
exposures.23 One approach has been to go beyond the conventional focus on monoamines in
the search for a genetic association.24 For example, major depressive disorder has been
associated with polymorphisms in the glucocorticoid receptor gene NR3C1,25 the
monoamine oxidase A gene,26 the gene for glycogen synthase kinase-3β (which has a key
role in the phosphorylation and regulation of metabolic enzymes and many transcription
factors27), and a group-2 metabotropic glutamate receptor gene (GRM3).28 Success has been
greater in the identification of candidate genes that are associated with known biological
mechanisms and metabolic pathways for antidepressant drugs and, that in turn, can help
predict the response from antidepressant treatment.

Many studies have focused on the functional insertion-deletion promoter variant (serotonin
transporter-linked polymorphic region [5HTTLPR]) in the serotonin transporter gene
(SLC6A4). A meta-analysis29 showed two associations, first between the 5HTTLPR long
allele and increased response to selective serotonin reuptake inhibitor (SSRI) antidepressant
drugs (although not to nortriptyline30), and reduced side-effects to SSRIs;31 and second
between the 5HTTLPR short allele and increased paroxetine-induced, but decreased
mirtazapine-induced adverse effects.32 Several single-nucleotide polymorphisms (SNPs) in
the gene for the serotonin type-2a receptor are associated with outcomes of SSRI
treatment.31,33–35

Studies36–38 of candidate genes associated with other biological mechanisms have
emphasised associations between glutamatergic genes (eg, GRIK4) and citalopram response
and adverse effects; between the Met allele of the functional Val/Met polymorphism
(rs6265) in brain-derived neurotrophic factor (BDNF) and SSRI response;39 and between
several other BDNF SNPs and desipramine response.31 Genetic variation in FKBP5—a
protein that helps to regulate cortisol binding to the glucocorticoid receptor40—is associated
with antidepressant response;41,42 whereas genetic variants in TREK1—a potassium channel
mediating SSRI mechanism of action—are associated with non-response to several
antidepressants.43 Genetic variation in the catechol-O-methyltransferase (COMT) gene,
which alters COMT activity, is associated with response to treatment with several
antidepressants.44,45

Genome-wide association studies further suggest that effectiveness of antidepressants can be
predicted by genetic markers other than traditional candidate genes. These genes include
those for the corticotrophin-releasing hormone (CRH) receptor-1 (CRHR1) and CRH
binding protein (CRHBP), which predict SSRI response in anxious depression,46,47 and
genes for uronyl-2 sulphotransferase and interleukin-11, which predict response to
nortriptyline and escitalopram oxalate, respectively.48

Molecular studies
At least three main categories of peripheral hormone-type factors, for which genetic variants
are associated with major depressive disorder, are implicated in the pathophysiology of the
illness: (1) neurotrophic factors and other growth factors, including BDNF, vascular
endothelial growth factor, and insulin-like growth factor-1; (2) proinflammatory cytokines,
including interleukin-1β, interleukin-6, and tumour necrosis factor-α; and (3) impaired
regulation of the hypothalamic-pituitary-adrenocortical (HPA) axis. For example, serum
BDNF is decreased in individuals with major depression, and antidepressant treatment
reverses this decrease.49,50
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The secretion and production of proinflammatory cytokines are increased in individuals who
are stressed and depressed,51,52 and, in major depression, anti depressant drugs can return
concentrations of these cytokines to normal or suppress their synthesis.53 Impaired
regulation of the HPA axis in an acute episode of depression has long been documented,54

and published work has indicated attenuation of neuroendocrine response to the combined
dexamethasone-corticotrophin-releasing hormone test—a sensitive measure of altered
regulation of the HPA system—during antidepressant treatment.55

Neuroimaging studies
Neural systems that are important to understand major depressive disorder include those that
support emotion processing, reward seeking, and regulate emotion, all of which are
dysfunctional in the disorder. These systems include subcortical systems involved in
emotion and reward processing (eg, amygdala, ventral striatum); medial prefrontal and
anterior cingulate cortical regions involved in processing emotion and automatic or implicit
regulation of emotion; and lateral prefrontal cortical systems (eg, ventrolateral prefrontal
cortex and dorsolateral prefrontal cortex) involved in cognitive control and voluntary or
effortful regulation of emotion.56 These systems can be conceptualised as a medial
prefrontal-limbic network, including amygdala, anterior cingulate cortex, and medial
prefrontal cortex that is modulated by serotonin neurotransmission,57–59 and a reward
network centred on ventral striatum and interconnected orbitofrontal and medial prefrontal
cortices that is modulated by dopamine (figure 1).60

Neuroimaging studies of major depressive disorder61–65 have provided evidence for specific
functional abnormalities in these neural systems in adults. Converging findings from these
studies suggest abnormally increased amygdala, ventral striatal, and medial prefrontal cortex
activity, mostly to negative emotional stimuli, such as fearful faces. Abnormally reduced
ventral striatal activity to positive emotional stimuli,61,66 and during receipt and anticipation
of reward in adults67 and adolescents68 with depression have also been reported. These
findings support a bias of attention towards negative emotional stimuli, and away from
positive emotional and reward-related stimuli in individuals with major depression. Further
studies are needed to examine neural activity in the prefrontal cortical regions that are
implicated in voluntary and implicit regulation of emotion. These functional neuroimaging
studies are complemented by increased findings suggesting reductions in grey matter in key
regions of these neural systems (including amygdala69), age-related decreases in volume of
the anterior cingulate cortex,70 and post-mortem findings indicating neural-cell and glial-cell
pathology in prefrontal cortical regions.71

Additional evidence for abnormalities in neural systems for emotion and reward processing
and regulation of emotion in major depressive disorder has come from neuroimaging studies
of emotion processing, which used measures of functional connectivity, including effective
connectivity—ie, the effect that activity in one region exerts over that in another. For
example, one study72 reported abnormal-inverse effective connectivity in medial prefrontal
cortical-amygdala during emotion labelling of happy faces in individuals with major
depression. These findings suggest abnormally increased top-down regulation of the
amygdala by medial prefrontal cortex in these individuals, which again suggests a bias away
from attendance to positive emotional stimuli. Other studies73 have applied diffusion tensor
imaging, which uses measures of the diffusivity of water in different directions—either
parallel or perpendicular to the direction of white-matter fibres—to construct whole-brain
measures of patterns of white-matter connectivity between different neural regions. Findings
from these studies, have shown abnormal prefrontal cortico-subcortical white-matter
connectivity between regions supporting emotion regulation in adults with depression.73
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Examination of brain activity during rest can provide valuable insights into how the brain
functions during self-reflection, which could be abnormal in individuals with major
depression. Studies have provided evidence for a malfunction of the default mode
network.74 This network includes several midline regions, including the inferior (ventral)
part of the medial prefrontal cortex (vmPFC). Anterior parts of this network (eg, vmPFC)
are involved in self-referential processing74 and tend to deactivate during cognitive tasks as
cognitive resources are redirected. The normal decrease in vmPFC activity during difficult
tasks might indicate intact emotional gating and, conversely, absence of this deactivation
might indicate impaired gating. Findings from analysis of task-independent deactivations
suggest an abnormality of the default mode network in vmPFC in major depressive disorder.
A method to examine resting-state-related neural activity is measurement of the correlation
of low-frequency blood oxygen level-dependent temporal fluctuations (LFBF) in steady-
state functional MRI data between different neural regions. One study75 showed that
individuals with depression had increased resting-state connectivity in medial prefrontal
cortex regions in the default mode network, including the anterior cingulate cortex and the
vmPFC.

A meta-analysis76 of several neuroimaging studies of major depressive disorder identified
two neural systems of importance to the illness. One network that centred on the dorsolateral
prefrontal cortex and more dorsal regions of the anterior cingulate cortex, but that also
included other regions implicated in cognitive control, was characterised by reduced activity
in the resting state, which returned to normal with treatment. A second network, centred on
medial prefrontal cortex and subcortical regions, was hyperactive to emotional stimuli in the
depressed state, but returned to normal after antidepressant treatment. This meta-analysis76

provides further evidence of increased activity in neural systems supporting emotion
processing (amygdala and medial prefrontal cortex), and reduced activity in neural systems
supporting regulation of emotion (eg, dorsolateral prefrontal cortex).

Neuroimaging studies have also examined neural predictors of outcome and neuroimaging
measures that change with response to different antidepressant treatments. These studies
have focused mainly on the role of the serotonergically-mediated medial prefrontal-limbic
network. In major depression, SSRI drugs modulate emotion-induced activity in this
network, and response to SSRIs is predicted by activity in this region.77 LFBF correlations
between subcortical regions and the anterior cingulate cortex can also increase after SSRI
treatment in individuals with depression.78,79 However, less is known about the effects of
non-serotonergic drugs on the medial prefrontal-limbic network, and the extent to which
pretreatment activity in this region predicts subsequent response to non-serotonergic
antidepressants needs to be examined. Desynchronisation of the anterior cingulate cortex,
and its functional connectivity with the amygdala predicts rapid antidepressant response to
ketamine,80 but response to cognitive behavioural therapy is predicted by reduced medial
prefrontal activity, and increased amygdala activation.81 Response to deep-brain stimulation
correlates with reduced activity in ventral (subgenual) regions of the anterior cingulate
cortex,82,83 and increased metabolism in ventral striatum.83

Integration of measures
Studies examining a combination of genetic, molecular, and neuroimaging measures to
identify relations among genes, molecules, neural systems, and behaviour in major
depressive disorder could increase our understanding of the underlying pathophysiological
processes and prediction of treatment response (figure 2). Relations between genetic
variation in neutrophic factors, and variation in concentrations of these factors, such as
BDNF and vascular endothelial growth factor, and structural and functional variation in
neural regions supporting mood regulation and associated behaviours and neurocognitive
function, are well documented.84–88 This variation might in turn reduce the ability to
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respond to treatments dependent on intact neurocognition, such as cognitive behavioural
therapy.

Reports89–93 have emphasised associations between genetic variation in function of the HPA
axis, genetic variation between—and variation in concentrations of—inflammatory
cytokines, and functional and structural variation in key neural regions supporting mood
regulation. Studies have also indicated how neuroimaging techniques can be applied to
diagnosis and how specific neuroimaging measures might help to distinguish major
depressive disorder from bipolar depression.72,94,95 In turn, these measures can facilitate
early diagnosis and can inform treatment choice (figure 3). Computerised machine learning
and techniques for pattern recognition in combination with neuroimaging techniques can be
used to classify individuals, case-by-case, into diagnostic groups on the basis of
neuroimaging measures.64,96

Advances in treatment
Depression-specific psychotherapies

Pharmacotherapy and manual-driven depression-specific psychotherapy are both effective
treatments for unipolar depression, either as monotherapies, or in combination.97,98

Although similar results are reported for depression-specific psychotherapy in primary-care
samples, fewer published works are available in this area than in psychiatric samples.99,100

These studies suggest that inter personal psychotherapy alone, or in combination with
pharmacotherapy, is effective for the acute treatment of depression.

In a clinical trial of inpatients with depression,101 response rates of patients receiving a
combination of interpersonal psychotherapy (modified for inpatients) and pharmacotherapy
were higher than those of patients receiving pharmacotherapy alone. The effects of acute
interpersonal psychotherapy can be sustained even after remission.101,102 Similarly, several
trials in the USA and Europe continue to support the acute efficacy of cognitive therapy and
its usefulness as an intervention to achieve full remission and reduce the risk of
recurrence.103,104 Research has also indicated that cognitive behavioural therapy can be
effectively implemented in non-traditional ways—eg, via telephone and the internet—that
accommodate the unique needs of primary care practice.105,106 A randomised clinical trial
comparing cognitive behavioural therapy and interpersonal psychotherapy in participants
with major depression found that, on average, the treatments were equally effective.
However, for a subset of patients with severe depression (Montgomery-Åsberg Depression
Rating Scale [MADRS] score >30), those allocated to cognitive behaviour therapy had a
greater percentage improvement in MADRS score and also had a greater likelihood of
response than did those receiving interpersonal psychotherapy. No difference between the
two treatments was noted for individuals with melancholic depression.107 For patients with
three or more previous depressive episodes, mindfulness-based cognitive therapy has an
additive benefit to usual care. Problem-solving therapy might be as effective as alternative
psychotherapies and pharmacotherapies for the treatment of depression, and more effective
than control treatments, and might be particularly well-suited for use in primary care.108,109

Antidepressant pharmacotherapy
Although expansion of antidepressant treatment in the USA has been substantial, low rates
persist in racial and ethnic minorities. Antidepressants were the most commonly prescribed
class of drugs in office-based and hospital outpatient-based medical practice in 2005.110 The
table lists the antidepressants that have been approved by the US Food and Drug
Administration (FDA), and the proposed mechanisms of action for the various classes of
antidepressants. A complete assessment of their use can be found in the American
Psychiatric Association guidelines for depression.111
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Since the latest update on depression in The Lancet,112 the results of the sequenced
treatment alternatives to relieve depression (STAR*D) study113—the largest depression
study ever done outside the pharmaceutical industry—have been reported. This study was a
practical clinical trial with broad inclusion criteria, resulting in a highly representative
sample of the US population. Undertaken in both psychiatric and primary care settings,
STAR*D used up to four successive treatment steps, including a switch to and augmentation
with additional drug or cognitive therapy in an equipoise randomisation design. The goal
was for full remission, rather than just response. Remission rates in steps one to four were
disappointing at 36·8%, 30·6%, 13·7%, and 13·0%, respectively, with a cumulative
remission rate of 67% after all four steps.114 These rates were low compared with efficacy
trials of antidepressants, which suggests that, in actual practice, most patients need several
sequential treatment steps to achieve remission. The STAR*D trial showed no clear
advantage of one strategy of drug over another for patients who did not achieve remission
after one or more acute treatments. Furthermore, because there was no placebo control in
this hybrid (efficacy-effectiveness) trial, there is no way to know whether any of the
strategies were better than maintenance of the original treatment for an additional period.
Too few patients received psychotherapy, either as an augmentation or a switch strategy, to
make firm conclusions about its role.115 Neither sociodemographic nor clinical (anxious,
atypical, and melancholic) features moderated the effect of various switching options after
the first non-successful attempt at acute treatment. No differences in outcomes were found
between primary care and psychiatric settings in the first two stages of acute treatment,
suggesting that primary care physicians can be reasonable providers of care for patients with
less complex depression.116

Although switching of antidepressants is a common strategy for management of depression,
whether effectiveness can be improved remains controversial.117 Many combination
treatment trials of antidepressant drugs or antidepressant and antipsychotic combinations
have been done, but caution is warranted for the recommendation of such combinations as
first-step treatments.118 One review119 also emphasises the discrepancy between practice
patterns and evidence for combination therapy. Lithium carbonate continues to be used as an
augmentation strategy, and second-generation anti-psychotics have been intensively
studied.120,121 Drugs recommended for treatment-resistant depression are aripiprazole,
quetiapine fumurate, and the combination of olanzapine with fluoxetine.

The notion of sequential combinations of pharmacotherapy or psychotherapy represents a
shift in the treatment of mood disorders. Such two-stage approaches are based on awareness
that one treatment strategy alone is unlikely to treat the varied symptoms of depression.
Because the switch to a different treatment is dependent on the patient’s response to the first
treatment, reassessment of design and methodological approaches is needed.122

Treatment of psychotic depression
Patients with psychotic depression (presence of delusions or hallucinations) are often
difficult to treat and need several interventions. Although new pharmacological strategies
are being tested, electroconvulsive therapy is important as a frequently used and effective
treatment. Antipsychotics and antidepressants are being used more often to treat psychotic
depression. In two studies,123,124 the combination of an antidepressant with an antipsychotic
showed greater efficacy than did the antidepressant alone.

Drug development
In the past 5 years, several strategies have been developed to improve depression outcomes,
including the use of new compounds and several older drugs. An example is a report
showing the benefit of ademetionine (S-adenosyl methionine [SAMe]) augmentation in
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major depressive disorder.125,126 One strategy focuses on the use of N-methyl-D-aspartate
glutamate-receptor antagonists providing the promise of rapid antidepressant action,127

including clinically significant effects from one dose that were sustained for up to 1
week.128 Another study129 has suggested the use of repeated dose intravenous ketamine for
the acute treatment of treatment-resistant depression. Although the effect of glutamate on
depression is promising, this has not necessarily been the case for other novel
pharmacological mechanisms. The failures of CRF1 antagonist compounds and substance-P
antagonists have continually been noted. Another advance is the introduction of agomelatine
—a melatonin (MT1 and MT2) agonist and a 5-HT2C-receptor antagonist. Agomelatine has
shown a generally favourable tolerability and efficacy, therefore providing a promising
alternative for patients who do not respond to existing pharmacotherapies, or who cannot
tolerate their side-effects.130 Placebo-controlled research provides evidence for the
effectiveness of agomelatine as both an acute and a continuation treatment for major
depression.131–133

Suicide risk with SSRIs
The safety of SSRIs has been debated because of their potential association with suicidal
ideation and behaviour as noted from studies of adolescents with depression.134 Some work
suggests that adults treated with antidepressant drugs, including SSRIs, are no more likely to
attempt or complete suicide than those not treated with an antidepressant.134,135 However,
other research suggests a reduced risk of suicide attempt in adults after start of SSRI
treatment, particularly with sertraline,135 and in men.134 In 226 866 male veterans with
depression, rates of suicide attempt were lower after the start of SSRI treatment than before,
and compared with treatment with other antidepressants or no antidepressant.135 Similarly, a
study of county-level data in the USA showed that a decrease in suicide rate was associated
with SSRIs when prescribed in combination with non-SSRIs or non-tricyclic
antidepressants.136 Despite these findings, caution is needed against strong conclusions
being made on the basis of limited ecological analyses.137

Safety in pregnancy
Data before 2000 provided weak evidence for an association between SSRIs and major fetal
malformation. Since then, data have shown that paroxetine might be associated with major
malformations, especially cardiac defects.138 Some evidence is available of an association
between a neonatal behavioural syndrome and exposure to SSRIs in utero during the last
trimester. This syndrome can be managed with supportive treatment in a special-care
nursery.139 Presence of persistent pulmonary hyper tension in the neonate can also be
associated with SSRIs taken late in pregnancy.138 Infants with continuous exposure to
mother’s depression and continuous exposure to SSRIs throughout gestation were more
likely to be born preterm than were infants with partial or no exposure.140 Guidelines
suggest that SSRIs should be used with caution during pregnancy, and that paroxetine be
avoided.141,142

Status of new somatic treatments
Although deep brain stimulation is still in the early investigational stages and not approved
by the FDA or the European Medicines Agency, it is promising as a treatment for treatment-
resistant depression.143,144 In deep brain stimulation, electrodes are implanted bilaterally in
the brain and are connected to an internal pulse generator.145 This procedure is fully
reversible and the stimulation it provides can be adjusted on the basis of the patient’s
needs.145,146 The treatment might exert its effect by modulating neurotransmission in the
cortico-striatal-thalamic-cortical circuit.143 Work has shown the antidepressant effect of
deep brain stimulation when used within the subgenual cingulate white matter (Cg25WM),
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the nucleus accumbens,83,147 the subcollosal cingulated gyrus,148 and the ventral capsule or
ventral stiatum.149 This treatment has also been discussed for use in the anterior limb of the
internal capsule, globus pallidus internus, inferior thalamic peduncle, rostral cingulated
cortex, and lateral haenula.144,145 Although deep brain stimulation seems to be well
tolerated, the possibility of suicide should be monitored.147–149 One study149 notes that
although stable remission can be achieved with deep brain stimulation, the affective
instability induced by the treatment merits specific attention.

Transcranial magnetic stimulation (TMS) has been approved by the FDA for the treatment
of major depressive disorder, especially for those who have not responded to a course of one
antidepressant drug.150 Although this treatment is regarded as safe and well-tolerated,
seizures can be a rare side-effect.150,151 TMS produces a magnetic field around the brain;
the left and right dorsolateral prefrontal cortex (DLPFC) are common target areas for TMS
in depression.150 Several meta-analyses150,152 support the use of DLPFC TMS or repetitive
TMS to treat depression, because they were more effective than placebo or sham. Some
studies150 suggest that the sizes of these effects are comparable to treatment with
antidepressants; however, the sizes are moderate150,152 and repetitive TMS seems to be less
effective than electroconvulsive therapy.151 A multisite sham-controlled study153 of
repetitive TMS, which included an open-label extension for patients who did not improve,
provided the opportunity to examine predictors of acute outcome. In this sample, low degree
of previous drug resistance in the current episode, short duration of current episode, absence
of anxiety disorder, high severity of baseline depression, and female sex, were associated
with improved outcome in one or both parts of this trial.153

Conclusions
Increased data for imaging and genetics in major depressive disorder, and other
neurobiological data, provide potential biomarkers for the assessment of treatment
outcomes. If a description of precise subgroups based on such data were to emerge, short-
term and long-term benefits of treatment might be improved. Although new reports about
treatment response in multisite studies have emerged in the past 5 years, treatment advances
are somewhat lagging because of an inability to undertake adequate studies with the
appropriate predictors of response.
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Figure 1. Neural systems of relevance to major depressive disorder
Key neural regions implicated in emotion and reward processing, and voluntary and
automatic regulation of emotion are shown superimposed on a greyscale depiction of the
human brain. DLPFC=dorsolateral prefrontal cortex. mPFC=medial prefrontal cortex.
ACC=anterior cingulate cortex. OFC=orbitofrontal cortex. VLPFC=ventrolateral prefrontal
cortex. Adapted with permission from reference 56.
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Figure 2. Advances in neurobiology of MDD
MDD=major depressive disorder.

Kupfer et al. Page 19

Lancet. Author manuscript; available in PMC 2012 July 16.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3. Distinguishing bipolar and unipolar depression with measures of white-matter
connectivity
Fractional anisotropy (FA) maps showing three orthogonal ([A] coronal, [B] sagittal, and
[C] axial) views of the main effect of group on FA in the region of the left superior
longitudinal fasciculus for adults with bipolar depression, unipolar depression, and for
healthy controls. MNI152 brain and white-matter skeleton (green) used for randomised
analysis. The images represent findings (in red-yellow) projected onto the white-matter
skeleton (green). The red-yellow spectrum represents a significance range—ie, 2<f<20.
Monte Carlo simulation with the alphasim approach was done on uncorrected F-statistical
and t-statistical maps (p<0·001), obtaining a dual thresholding of both type I error (alpha;
p<0·05) and cluster-size thresholding. Bar graphs show mean FA values and 95% CIs for
every group in the region of the left superior longitudinal fasciculus (MNI x, y, z = −51,
−38, −17; in the inferior temporal cortex). *Significant pairwise comparison between adults
with bipolar depression (red), and adults with unipolar depression (blue) that resulted in the
main effect of group. Adapted with permission from reference 94.
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Table

Antidepressants approved by the FDA

Drugs Proposed mechanism of action

Selective serotonin reuptake inhibitors Citalopram, escitalopram, fluoxetine,
fluvoxamine, paroxetine, sertraline

Selectively inhibits the reuptake of
serotonin

Tricyclic antidepressants Amitriptyline, desipramine, doxepin,
imipramine, maprotiline, nortriptyline,
protriptyline, trimipramine

Nonselectively inhibits the reuptake of
monoamines, including serotonin,
dopamine, and norepinephrine

Norepinephrine-dopamine reuptake inhibitor Bupropion Inhibits the reuptake of norepinephrine
and dopamine

Serotonin modulator Nefazodone, trazodone Primarily antagonises 5-HT2 receptors

Serotonin-norepinephrine reuptake inhibitors Desvenlafaxine, duloxetine, venlafaxine Inhibits the reuptake of serotonin and
norepinephrine

Noradrenergic and specific serotonergic modulator Mirtazapine Primarily antagonises α-2 and 5-
HT2C receptors

Serotonin reuptake inhibitor and 5-HT1A-receptor
partial agonist

Vilazodone Potently and selectively inhibits
serotonin reuptake and acts as a partial
agonist at the 5-HT1A receptor

MAO inhibitors Isocarboxazid, phenylzine, tranylcypromine;
Selegiline

Nonselectively inhibits enzymes
(MAO-A and MAO-B) involved in the
breakdown of monoamines, including
serotonin, dopamine, and
norepinephrine MAO-B selective
inhibitor

FDA=US Food and Drug Administration. MAO=monoamine oxidase. 5-HT=serotonin.
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