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Abstract

This section provides summaries of the epidemiology, phenomenology, nosol-
ogy, and the suspected biological substrates of the depressive disorders. It
particularly emphasizes the historical evolution of the pertinent diagnostic
constructs and the prognostic import both of the various diagnostic groupings
and of the individual symptoms and symptom clusters.
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1 Section 1: Prevalence

According to the most definitive effort to estimate prevalence of specific mental
disorders in the United States, the National Comorbidity Survey Replication, the
12-month prevalence rates for DSM-IV-TR major depressive disorder (MDD),
dysthymia, and bipolar I/bipolar II disorders are 6.7%, 1.5%, and 2.6%, respectively
(Kessler et al. 2003). Lifetime rates are 16.6%, 2.5%, and 3.9%, respectively.
Twelve-month prevalence rates from an earlier, large-scale study that used nearly
identical methods were somewhat higher for MDD (10.3%), but were similar for
dysthymia (1.3%) and bipolar I/bipolar II (2.5%) (Kessler et al. 1994).

Notably, the lifetime prevalence of MDD was approximately twofold higher for
individuals below the age of 60 than for older individuals. Among those with a
lifetime MDD diagnosis, those aged 18-29 years had 12-month prevalence rates that
were threefold higher than those 60 and over. Individuals with incomes below the
poverty line were nearly four times as likely to be depressed than those with incomes
significantly above the poverty line.

Three-quarters of those with a lifetime history of MDD met criteria for another
DSM-IV-TR diagnosis which, in a large majority of cases, began before MDD. A
meta-analysis of the prevalence of MDD episodes among primary care patients
given structured interviews estimated a point prevalence of 17% (Mitchell et al.
2009). Comparisons against whether the provider considered depression to be
present, as stated in the medical record, showed a higher rate of false positives
than false negatives. Diagnostic accuracy improved with repeated examinations.

Important caveats apply to these numbers. An earlier prevalence study that
canvased over one million individuals at five centers across the United States
reported a 1-year prevalence rate for MDD of 3.0% and a lifetime rate of 5.2%.
These figures are less than one-half and one-third, respectively, those from the
NCS-R study. It seems unlikely that secular trends or differences in sampling
methods would account for discrepancies of this magnitude. Rather much of the
difference has been attributed to variables such as subtle as differences in the number
of probe questions built into the structured interviews used in the two studies
(Kessler et al. 1994).

The assessment of lifetime rates of MDD is prone to particular difficulties. An
example is the observation that, in numerous cross-sectional studies of adults across
international settings, older individuals were reported to have substantially lower
lifetime rates of MDD than younger ones (Weissman et al. 1996; Cross-National
Collaborative Group and Wittchen 1992). This leads to considerable speculation as
to the reason for this finding. Yet, test-retest studies have shown that past MDD
episodes are recalled with poor reliability and that individuals are more likely to
underreport than overreport previously described major depressive episodes (Simon
and VonKorff 1995; Giuffra and Risch 1994). Because younger adults are consider-
ably more likely to be experiencing major depressive episodes in any given year than
are older ones (Kessler et al. 2005), this “telescoping effect” is likely to be quite
large.



Impact, Diagnosis, Phenomenology, and Biology 5

Methodical differences preclude meaningful comparisons across separate studies
undertaken in different countries. The Cross-National Collaborative Group report
applied the same sampling and assessment methods across ten countries and found
six-fold differences between countries with the lowest and highest 1-year prevalence
rates of major depression (Weissman et al. 1996). No clear explanation for these
differences emerged. Relative cross-national consistencies did exist, however, for
higher female prevalence, for mean age of onset in the late 20s, and for the increased
risk for MDD posed by comorbidity with substance abuse and with being separated
or divorced.

2 Impact
2.1 Disability and Economic Impact

Depressive disorders are the fourth leading cause of disability worldwide and
account for the most years with disability of all illnesses in the Americas (Ustun
et al. 2004). The annual economic burden resulting from MDD in the United States
was $210.5 billion in 2010 (Greenberg et al. 2015), approximately half of which
results from the cost of treatment with the other half due to work place or other
indirect costs. Moreover, the economic consequences of depressive disorders grew
substantially between 2005 and 2010, due largely to increases in the size of the
population and the cost of care.

MDD appears to carry substantial additional impairment and cost through its
relationships with cardiovascular disease (Fiedorowicz et al. 2011a). According to
an extensive literature, inflammatory markers are likely to be elevated in patients
with depressive disorder (Munkholm et al. 2013; Howren et al. 2009), and this
comprises a plausible link between depressive disorder and cardiovascular disease. It
is notable, then, that treatment with antidepressants appears to decrease cytokine
activity, an important marker for inflammatory activity (Hiles et al. 2012).

2.2 Suicide

Suicide is the leading cause of death worldwide, more so in western countries.
According to results pooled from 27 psychological autopsy studies, nine of ten
suicides had met criteria for a psychiatric disorder when they died, and mood
disorders were the most common, followed by substance use disorders
(Arsenault-Lapierre et al. 2004). In the longest prospective study of new disorders,
17.5% of 186 patients who have been hospitalized for unipolar depression
committed suicide over a span of 40—44 years (Angst et al. 2005). Suicide rates
are substantially lower among individuals who are outpatients at the beginning of
follow-up (Bostwick and Pankratz 2000). Despite widespread efforts in the United
States to improve screening and treatment access for individuals at risk for suicide,
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age-adjusted rates for both males and females have increased steadily from 2000 to
2014 (Curtin et al. 2016).

Among the risk factors for completed suicide identified across many studies, a
history of suicide attempts is the most consistently robust (Coryell and Young 2005).
While the value of a suicide attempt history is a clinically useful risk factor, it is
nevertheless quite modest in predictive power as can be deduced from prevalence
rates of 50 to 1 for suicide attempts and suicides, respectively (Kessler et al. 2005).
The relative frequency of suicide attempts, though, underscores the societal burden
associated with attempt behaviors per se. One estimate of the medical costs
associated with suicide attempts in 2013 in the United States was $1.5 billion
(Shepard et al. 2016).

3 Diagnosis
3.1 History

Probably the earliest currently known descriptions of depressive illness appeared in
the writings of Hippocrates in 1550 B.C. and he, as have most subsequent writers on
the subject, used the term melancholia to label the condition.

Suppositions regarding the causes of melancholia have varied widely from an
excess of black bile to religious, moral, and societal etiologies. In the early 1920s,
psychoanalytic explanations centered on the experiences of loss. Across all of these
periods writers consistently recognized that dominant features included a persis-
tently low mood, lethargy and slowing, decreases in appetitive functions, fear and
fretfulness, self-reproach, and, in more severe cases, delusions of sin or persecution.

Proposed sub-classifications have also been numerous. The separation of unipolar
and bipolar depression, first proposed by Leonhard et al. (1962) and later by Angst
(1966), Perris (1966), and Winokur et al. (1969), is now the most fundamental and
widely accepted of these. Notably, these proposals were based principally on family
history differences between unipolar and bipolar patients. Another subdivision,
between reactive or endogenous depression and endogenous or melancholic depres-
sion, has had long-standing intuitive appeal (Shorter 2007).

3.2 Operational Definitions

The first widely used set of operational criteria for depressive disorders was
published in 1972 (Feighner et al. 1972) along with criteria for other psychiatric
disorders considered to have validity at the time. Dysphoria was a requisite
symptom, and a minimum of five from a list of eight symptoms with a duration of
1 month was necessary for a diagnosis. The term “major depressive disorder” first
appeared in the subsequently published Research Diagnostic Criteria (RDC) (Spitzer
et al. 1978).
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The American Psychiatric Association’s Diagnostic and Statistical Manual of
Mental Disorders III adopted the operational criteria format as did the subsequent
iterations of DSM-III-R, DSM-IV, and DSM-5. The RDC shortened the minimum
duration to 2 weeks and added anhedonia to dysphoria as an option for the single
required symptom. It also required four rather than five of the eight other symptoms.
The DSM additions from DSM-III onward maintained these changes. Otherwise, the
eight core symptoms of depressive disorder have remained essentially unchanged
through all six of these diagnostic revisions.

Despite this definitional continuity, an active and far from settled debate
continues between those who view depressive disorder as a unitary concept, in
which cases fall along a severity continuum, and those who hold the disorder to be
inclusive of two or more fundamentally different biological disorders (Shorter 2007).
Currently many who take the later position assert that melancholia is a discrete
illness characterized by biological abnormalities with well-established connections
to severe depressive disorders such as hyperactivity of the hypothalamic-pituitary-
adrenal (HPA) axis and reduced REM latency (Taylor and Fink 2008).

The DSM-5 work groups deliberated under an overarching and carefully enforced
principle that the degree of empirical evidence required for major changes in the
definition of a disorder increased in proportion to the length of time that the
definition had been in wide use without undergoing major changes. The threshold
for substantial changes in the definition of MDD was correspondingly quite high.
The mood disorder work group was not convinced by published evidence that the
distinction between melancholic and non-melancholic depressive disorders was
more valid than the simple distinction based on severity alone.

The prevailing view that melancholia, or endogenous depression, is less a result
of ongoing social stressors and more anchored in measurable biological
abnormalities leads intuitively to the assumption that the former would be more
amenable to antidepressant treatment and the later to psychotherapy. The results of
several large-scale comparisons of specific psychotherapies and antidepressant treat-
ment support this position (Brown 2007; Thase and Friedman 1999). These studies
did not show, however, that the presence or absence of melancholia was a more
effective predictor of such deferential treatment response than the cruder distinction
between greater and lesser overall symptom severity. A more recent meta-analysis
shows that melancholia does not predict deferential responses to antidepressant and
psychotherapeutic treatments when baseline severity scores are included in the
statistical model (Cuijpers et al. 2017).

The realization that DSM-5 would not evolve to incorporate biological measures
into diagnostic criteria and that none of the many biologic abnormalities that had
been demonstrated in psychiatric illness have, in fact, been shown to be adequately
specific and sensitive to any given DSM disorder led the NIMH, in 2008, to propose
the Research Domain Criteria (RDoC) for use in future funded research. This
approach was designed to cut across diagnostic categories with the application of a
matrix. Rows consist of domains or constructs such as negative valence systems and
arousal/modulatory systems and columns consist of units of analysis. Among the
seven specified units are genes, neuro-circuits, physiology, and behaviors. The
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RDoC approach emphasizes continuation over categories to provide researchers
with a wider range of measures and greater statistical power.

3.3 Subtypes

There is near universal recognition that criteria for major depressive disorder
encompass conditions that vary markedly in phenomenology, severity, course of
illness, family history, and response to treatment. Many subtypes have been pro-
posed but, despite substantial efforts to validate many of them, none has gained an
acceptance that is clearly greater than that for the others. However, some have
accumulated enough evidence for validity that they warrant clinical recognition.

The only subdivision of unipolar depression included in the first of the opera-
tional criteria of psychiatric disorders (Feighner et al. 1972) was that of primary and
secondary depression. Patients with secondary depression have experienced the
onset of a list of certain other disorders antedating the first depressive episode.
This grouping followed well-established precedence from the nosology of medical
illnesses such as that for hypertension. Accordingly, a syndrome arising in the
context of another might have some etiologic role and should be separated from
the same syndrome that develops de novo. The course of the former, secondary,
condition is likely to reflect the course of the underlying disorder and treatment
should be selected that recognizes this. In the case of depressive disorders, examples
include episodes that occur in the context of alcoholism that then resolve with
detoxification, as well as those that develop in the context of anorexia nervosa that
then clear with weight restoration. Continuing with the medical illness analogy, the
course, treatment response, and family history of secondary depression are likely to
differ according to which non-affective illness comprises the background condition.
Thus, it is not surprising that efforts to validate the primary/secondary distinction in
which the secondary depression group have varying primary diagnoses yield gener-
ally disappointing results.

A notable exception was a study of 146 patients hospitalized with primary
depression who were compared to 42 patients with secondary depression based
on responses to a 1 mg dexamethasone suppression test (DST). Rates of non-
suppression, a response once thought to have specificity for melancholia or endoge-
nous depressive disorder, were 45% and 0%, respectively (Schlesser et al. 1980).

Another study used course and family history to compare patients with episodes
of primary depression that included panic attacks, but who had no prior panic attacks
outside of depressive episodes, to patients who had panic attacks that clearly
preceded the first depressive episode (secondary depression), and to depressed
patients with no history of panic attacks (primary depression) (Coryell et al. 1992).
Patients with primary depression complicated by panic attacks in comparison to
those with primary depression without panic attacks suffered greater depressive
symptom severity and more depressive morbidity during a 5-year follow-up. They
did not, however, have a greater risk of panic disorder among their relatives and did
not experience panic attacks outside of depressive episodes during follow-up. The
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group with depression secondary to panic disorder, in contrast, did have significantly
more panic disorder among their relatives and were more likely to experience
freestanding panic attacks during follow-up.

Interest in the distinction between psychotic and nonpsychotic depression
began with observations that patients with MDD who also had delusions and/or
hallucinations were less likely to respond to tricyclic antidepressants (Glassman
et al. 1975). An extensive literature has since accumulated to show that patients with
psychotic features, in comparison to depressed patients without them, have greater
symptom severity, particularly in regard to symptoms thought to comprise melan-
cholic depression (Coryell et al. 1984, 1985). They also experience longer depres-
sive episodes, shorter times to relapse, and more depressive morbidity over extended
follow-up periods (Coryell et al. 1996). They are less likely to show placebo
responses (Glassman and Roose 1981), and, probably because of this, patients
with psychotic features are more likely to show a substantial response differential
between real and sham electroconvulsive therapy (Buchan et al. 1992). Of greater
relevance to the distinctiveness of psychotic depression, patients with this condition
are significantly more likely to experience delusions or hallucinations in subsequent
episodes (Coryell et al. 1992; Charney and Nelson 1981; Nelson et al. 2018) and to
have increased risks for psychotic depression among their relatives (Leckman et al.
1984).

The separation between depression that develops in the context of adverse events
and those that appear without apparent external cause has, perhaps, the most intuitive
appeal of all of the subgroupings for major depressive episodes. The assumption
underlying the separation of situational and non-situational depression would
predict that the former would have fewer of the symptoms associated with melan-
cholia, that they would have fewer episode recurrences, and that they would have a
lower familial risk of MDD. They might also be expected to show smaller outcome
differences between responses to antidepressants and placebo. Somewhat surpris-
ingly, research has supported none of these predictions.

Findings from family and twin studies have particular import for the concept of
reactive or situational depression. Contrary to expectations, a family study of
patients with recurrently situational depressive episodes showed they had approxi-
mately twice the morbid risk for MDD among their first-degree relatives than did
patients with recurrently non-situational depressive episodes (Coryell et al. 1994a).
Results from twin studies give these findings more meaning because they provide
clear evidence that those adverse life events that are, to some degree, under individ-
ual control are heritable (Kendler and Karkowski-Shuman 1997). The concordance
for the presence of recent adverse life events at a random point in time was shown to
be significantly greater in monozygotic than in dizygotic twin pairs. Thus, personal-
ity traits that foster adverse life events seem highly heritable. This is clear with such
dimensions as neuroticism, as measured by the NEO (McCrae and Costa 1987),
which has been shown to be both highly heritable and marked by an increased
sensitivity to stressors (Kendler et al. 2004).

A special case of the nosological recognition of the role of stressors in the genesis
of depressive symptoms is the bereavement exclusion that was part of the MDD
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criteria in DSM-III, DSM-III-R, and DSM-IV, but not in DSM-5. In the earlier DSM
iterations, depressive symptoms that developed following “the loss of a loved one”
did not warrant the diagnosis of MDD unless symptoms had persisted longer
than 2 months or were attended by marked functional impairment, morbid preoccu-
pation with worthlessness, suicidal ideation, psychotic features, or psychomotor
retardation.

The DSM-5 mood disorders work group, however, determined that little evidence
existed to separate depressive symptoms following the loss of loved ones from
depressive symptoms that develop following other losses or those following signifi-
cant stressors in general (Kendler et al. 2008). Thus, unless depressive symptoms
that occur after any significant stressor are to be excluded as indications of an illness,
retention of the bereavement exclusion criteria was untenable. This change was
viewed in some quarters as a play by organized psychiatry to “pathologize” normal
human reactions and to thus increase patient populations (New York Times). Others,
though, put forward evidence that suspension of the bereavement criteria was likely
to result in minimal increases in the numbers of individuals given diagnosis of MDD
by providers (Zisook et al. 2013).

DSM-5 expanded the boundaries of pregnancy-related mood disorder from
I-month postpartum in DSM-IV to any onset during the pregnancy or during the
2 months following delivery. This change arose in large part from evidence that a
large portion of women with a depressive syndrome during the postpartum period
experienced onset during pregnancy (Gotlib et al. 1989). While much has been
written concerning the risks for, and adverse effects of, depression during preg-
nancy, evidence that pregnancy is a high-risk period for depression onset is scant. A
comparison of the risk for depressive episodes during pregnancy to the risk during
the 9 months preceding pregnancy showed no significant difference in a large
community sample (Vesga-Lopez et al. 2008) though episode frequency was signif-
icantly higher during the postpartum period. That pregnancy does not protect against
depression is shown by observations that most euthymic women who discontinue an
antidepressant when they discover their pregnancy eventually relapse during preg-
nancy (Cohen et al. 2006). Most postpartum onsets develop within 1 month of
delivery, and psychotic, mixed, or manic episodes have particularly rapid postpar-
tum onsets (Di Florio et al. 2013).

In addition to the clustering of onsets following parturition, family studies have
provided evidence that mood disorder episodes with postpartum onset differ from
those with onset at other times. At least three sib-pair studies (Forty et al. 2006; Jones
and Craddock 2001; Murphy-Eberenz et al. 2006) and one twin study have shown
that postpartum onset has a significant familial component.

DSM-5 criteria for a diagnosis of catatonia require at least 3 symptoms from a list
of 12, of which mutism, stupor, and catalepsy are perhaps the most common
(Krishna et al. 2011; Morrison 1973). This syndrome can complicate schizophrenia,
mania or major depressive episodes, drug intoxication or withdrawal, or a wide
variety of medical conditions. A substantial minority of cases do not appear to have
an underlying medical or psychiatric diagnosis (Krishna et al. 2011; Barnes et al.
1986). Such cases may be highly recurrent with some consistency in the presence of
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catatonic symptoms across episodes (Francis et al. 1997). Catatonia with or without
other underlying illnesses also appears to be familial (Barnes et al. 1986).

A prompt response to benzodiazepine administration is widely accepted as
diagnostic of catatonia. Because patients with catatonia are at increased risk for
developing neuroleptic malignant syndrome (Berardi et al. 2002), it is prudent to
treat a catatonic state with benzodiazepine before antipsychotics are introduced
(Rasmussen et al. 2016). Maintenance treatment with benzodiazepines may prove
necessary in some cases (Thamizh et al. 2016).

ICD and DSM iterations have long distinguished single episode and recurrent
MDD. Many studies have shown that patients with a recurrent major depression have
shorter times to relapse following recovery (Maj et al. 1992; Pintor et al. 2004; Keller
et al. 1983a; Gonzales et al. 1985). The number of previous episodes is a stronger
predictor of relapse risk than is the simple separation of single vs. one or more prior
episodes. Others have found that patients with recurrent depression are more likely
to have family histories that are positive for depressive disorders as well as earlier
ages of onset (Hollon et al. 2006). Patients with multiple prior major depressive
episodes are more likely to eventually switch to a bipolar diagnosis than are patients
with fewer episodes (Angst et al. 2003).

According to DSM-5, “full remission has occurred when two months have passed
with no significant signs or symptoms of the disturbance were present.” Other
groups have proposed more nuanced definitions to indicate the concepts of response,
recovery, remission, relapse, and recurrence. The terms “response” or “remission’ as
applied to most antidepressant treatment trials require only that depressive
symptoms over the preceding week fall beneath a specified severity threshold
such as 7 or less on the 17-item Hamilton Depression Rating Scale (Nierenberg
and DeCecco 2001). Definitions put forward by the American College of
Neuropsychopharmacology incorporated minimum durations of severity levels
such that remission required at least 3 weeks at a clearly defined sub-criteria level
while recovery required 4 or more months (Rush et al. 2006). An increase in
symptoms to the criteria level after remission, but before recovery, was termed a
“relapse,” while such a symptom increase after recovery was a recurrence.

It is now well established that even residual depressive symptoms well below the
numbers needed to meet the criteria for a major depressive syndrome are powerfully
predictive of impairment, as well as of risk for recurrence (Judd et al. 1998, 2000).
Accordingly, Judd et al. (2016) have shown that a mere 1-month period of fully
asymptomatic recovery was a more powerful predictor of subsequent time well than
any of 18 other potential predictors.

Definitions of a chronic major depressive episode in the RBC, and in each of the
DSM iterations from DSM-III through DSM-5, specify the persistence of depressive
symptoms for 2 or more years. Other proposals have specified 1 year or 3 years.
Origins of the 2-year threshold are obscure, and it probably was not empirically
derived. The DSM-IV definition required the persistence of 2 or more years of a full
major depressive syndrome for the diagnosis of chronic depressive disorder. Depres-
sive symptoms that persisted for 2 or more years, but which fell beneath the
symptom number threshold for major depression, were designated as dysthymic
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disorder. The DSM-1V definition of dysthymia was inherently unreliable, however,
in that it required the absence of any 2-week period in the first 2 years of the illness
during which symptoms rose to the full number and persistence required for a major
depressive episode. This is a distinction that often involved the presence or absence
of only a few symptoms during a 2-week period over a span of 2 years that may have
occurred many years previously. Moreover, direct comparisons with DSM chronic
major depressive episodes and dysthymic disorder failed to find differences in
demographic variables, symptom patterns, treatment response, or family history
(McCullough et al. 2000, 2003; Klein et al. 2004; Yang and Dunner 2001; Blanco
et al. 2010). This lead to the change in DSM-5 in which chronic major depressive
disorder has been merged with dysthymic disorder under the new label of persistent
depressive disorder.

Whether chronicity is captured under the older criteria for chronic major depres-
sive episode or under that for dysthymic disorder, patients who are so identified, in
comparison with patients who have non-chronic episodes, have earlier onsets
(Gilmer et al. 2005), higher levels of depressive morbidity over long prospective
follow-up periods (Keller et al. 1983a, b; Gonzales et al. 1985; Klein et al. 1988,
2000; Coryell et al. 1990; Rhebergen et al. 2009, 2010), greater familial loading for
affective disorders (Klein et al. 1988), greater likelihood of a coexisting personality
disorder (Klein et al. 1988), higher levels of neuroticism (Rhebergen et al. 2010), a
higher likelihood of suicide behaviors (Gilmer et al. 2005; Garvey et al. 1986), and
more early adversity (Barnhofer et al. 2014).

DSM definitions of chronic major depressive episodes, dysthymia, and persistent
depressive disorder are confined to non-bipolar individuals. Historical reasons for
this are unclear. Chronicity in bipolar illness does not appear to be less common than
in unipolar illness (Benazzi 1999; Angst et al. 2009).

Anxiety symptoms are frequent concomitants to depressive disorders, and evi-
dence for their prognostic importance has become increasingly well-established over
the past several decades. Whether the co-occurrence of anxiety symptoms with
major depressive episodes is expressed as categorical comorbidity, as the coexis-
tence of an anxiety disorder diagnosis, or as a quantification of anxiety symptoms,
individuals with both MDD and anxiety states have more depressive morbidity in the
short and long term (Coryell et al. 1992, 2009; Otto et al. 2006). They also have
poorer responses to antidepressants (Fava et al. 2008; Papakostas et al. 2008) and to
psychotherapy (Feske et al. 1998), and are at greater risk for suicidal behaviors
(Sareen et al. 2005; Goes et al. 2012). There also appears to be a continuous positive
relationship between anxiety symptom severity and the persistence of depressive
symptoms over time (Coryell et al. 2009, 2012). This is true across a variety of
anxiety symptom types and is an effect that endures with little change over decades
of prospective follow-up. The comorbidity of MDD with anxiety disorders is
apparently also familial (Goes et al. 2012; Kendler 1995). Kraepelin devoted a
chapter to mixed states in his book Manic Depressive Illlness and Paranoid States
(1921). In it he described six subtypes and concluded that “they often occur in the
transition between the fundamental forms (mania or depression). It may, however,
appear as an independent morbid attack and, when this occurs, there is a certain
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probability that similar states will follow later. The course of those mixed states
when occurring as independent attacks appears in general to be lingering.”

DSM-III, DSM-III-R, and DSM-IV reserved the term “mixed states” for
individuals who met full criteria for MDD and mania concurrently. Such individuals,
by definition, had bipolar disorder. The nomenclature provided no means to describe
those individuals who had no history of mania or hypomanic episodes but who had
subthreshold manic symptoms embedded within a major depressive episode. It is
clear, however, that such individuals exist in significant numbers (Zimmermann
et al. 2009) and that they have, in comparison to those with MDD but without
accompanying manic symptoms, longer episodes, more morbidity over extended
periods (Zimmermann et al. 2009; Persons et al. 2017; Benazzi 2001), poorer
responses to antidepressants (Koukopoulos et al. 2007), and a higher likelihood of
suicidal behavior (Persons et al. 2017). Recent evidence shows that individuals with
mixed episodes are at a higher risk for suicide attempts because they spend more
time in depressive states than do patients with no history of mixed states (Persons
et al. 2017).

Not surprisingly, patients who experience manic symptoms within an episode of
major depressive disorder are more likely to eventually develop a separate episode of
mania or hypomania (Fiedorowicz et al. 2011a). In accord with this, the presence of
manic symptoms in an episode of major depressive disorder is associated with an
earlier age of onset and with greater familial loading for bipolar disorder. The
likelihood of a family history of bipolar illness appears to increase with the number
of manic symptoms present (Zimmermann et al. 2009). A receiver operating curve
analysis, however, shows that the presence of three manic symptoms is the most
efficient predictor of an eventual diagnostic switch to bipolar disorder (Fiedorowicz
et al. 2011a). This is the number necessary for DSM-5 designation of MDD with
mixed features.

4 Measurement

Two broad categories of instruments are available to quantify the severity of
depressive symptoms — self ratings and clinician ratings. Each type has certain
advantages and disadvantages over the other, and therapeutic trials typically use
both. Congruence between self and clinician ratings may be lower during the more
severe phases of depressive illness (Prusoff et al. 1972).

4.1 Self-Rated Scales

The Beck Depression Inventory (BDI) (Beck et al. 1961), the Inventory for Depres-
sive Symptomatology (IDS) (Rush et al. 1986), and the Patient Health Questionnaire
(PHQ-9) (Kroenke et al. 2001) are among the most commonly used self-rating
scales. In comparison to the IDS, the BDI is weighted toward cognitive symptoms
and less so toward vegetative symptoms. The PHQ-9 simply quantifies each of the
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DSM criteria symptoms for a major depressive episode by the persistence of that
symptom over the preceding week.

4.2 Clinician-Rated Scales

The Hamilton Rating Scale for Depression (HRS-D) (Hamilton 1960) and the
Montgomery-Asberg Depression Rating Scale (MADRS) (Montgomery and Asberg
1979) are probably the most extensively used clinician rating scales. The HRS-D
places more emphasis on somatic symptoms than does the MADRS. Neither the
HRS-D nor the MADRS reflect hypersomnia or hyperphagia. The clinician-rated
counterpart to the self-rated IDS, the clinician-rated IDS-C (Rush et al. 1996), do
take these symptoms into account.

5 Phenomenology

Dysphoria is one of the two A criteria symptoms for DSM-5 major depression and
thus must be present for a diagnosis to be made if anhedonia is absent. While
depressed mood is initially specified in criteria A for a major depressive episode,
subsequent text indicates that a sad affect as reported by informants can be used to
infer dysphoria. In many cases, particularly in medical settings, neither a depressed
mood nor a depressed affect is apparent in the individual who satisfies many of the
other criteria of a depressive syndrome. Alexithymia, as a stable feature, increases
with age and may indicate dysfunction in the right rostral anterior cingulate cortex
(Paradiso et al. 2008). A failure to manifest dysphoria either subjectively or objec-
tively is also more likely in individuals who present with a focus on somatic
symptoms. Such a presentation has been termed “masked depression” (Fisch 1987,
1997). Thus, self-rating screening tools may be particularly helpful in outpatient
medical settings.

Anhedonia is also considered a core depressive symptom (criteria A). Depressed
individuals may lose interest in, or derive no pleasure from, their work, hobbies,
interactions with friends or family members, music, or sex. The inability to enjoy all
facets of life, pervasive anhedonia, is nearly always included among symptoms of
melancholia or endogenous depression, however defined.

A recent meta-analysis showed that anhedonia is strongly correlated with suicide
ideation even after control for the severity of other depressive symptoms (Ducasse
et al. 2017). A persistence of anhedonia also appears to account for most of the lag
between improvement in depressive symptoms and psychosocial functioning during
treatment (Vinckier et al. 2017).

Either “significant” loss of weight or appetite, or gain in weight or appetite,
satisfies one of the nine criteria for a major depressive episode. Gains in weight or
appetite, together with hypersomnia, are considered “reverse vegetative” symptoms
and are more common in bipolar I or bipolar II depressive episodes than in
non-bipolar depressive episodes (Andreasen et al. 1988; Coryell et al. 1985). They



Impact, Diagnosis, Phenomenology, and Biology 15

also comprise two of the five features used to define the DSM-5 specifier “with
atypical features.” This syndrome was originally based on symptoms that appeared
to separate responders to monoamine oxidase inhibitors from responders to tricyclic
antidepressants (McGrath et al. 1992). Strong evidence subsequently appeared that
reverse vegetative symptoms are the most important components or the atypical
feature cluster (Benazzi 2002; Kendler et al. 1996). Atypical depression defined as
such is associated with obesity and has a significant genetic determinant (Kendler
et al. 1996). The association between obesity and depressive illness in general may
be etiologically bidirectional (Coryell et al. 2016), and individuals who overeat are
substantially more likely to be obese between episodes (Murphy et al. 2009).

Complaints within the same individual of both insomnia and hypersomnia in a
major depressive episode are particularly characteristic of those with a bipolar
diagnosis (Geoffroy et al. 2018). Insomnia, more than most other depressive
symptoms, is a relatively robust risk factor for completed suicide (Bernert et al.
2015). This aligns with observations that the most likely time for suicide to occur in
the United States population is from 2:00 to 3:00 a.m. (Perlis et al. 2016).

Fatigue, or the subjectively perceived lack of energy, is among the most consis-
tently reported symptom in major depressive episodes and has been identified as the
one that most interferes with work functioning (Lam et al. 2012). It is also one of the
most common residual symptoms following antidepressant treatment, and this
persistence accounts for much of the impairment in functioning associated with
incomplete remission from depressive episodes (Fava et al. 2014).

The DSM describes the criteria symptom of self-reproach as “feelings of worth-
lessness or inappropriate guilt.” More than the other criteria symptoms for major
depressive episodes, it is often difficult to identify the threshold above which self-
criticism and remorse reaches the symptomatic level. The qualities of guilty feeling
described by a patient deserve particularly careful attention in that the boundary
between a painful preoccupation and a delusion can be a subtle one. As noted earlier,
the distinction between delusional and non-delusional depression has important
implications for treatment selection and for prognosis.

Moreover, relatively few studies have focused on this component of the depres-
sive syndrome. Those that have showed that self-blaming emotions occur in the
large majority of depressive patients and that they correlate closely with depressed
mood, hopelessness, and with overall depressive symptom severity (Zahn et al.
2015). A study that tested the robustness with which individual criteria symptoms
separated individuals with depressive disorders from comparison groups found guilt
to be the most important discriminator, both from individuals with no illness and
from those with generalized anxiety disorder (Breslau and Davis 1985). Individuals
with past major depressive episodes appear more likely than those with chronic
medical illness to have persistent feelings of guilt (Ghatavi et al. 2002).

In psychiatry the term agitation refers to non-purposeful hyperactivity that is
often manifest as fidgetiness, hand wringing or pacing, and that is accompanied by
feeling of inner tension. It should be distinguished from the hyperactivity that
characterizes manic or hypomanic states in that the latter is purposeful, albeit marked
by inconstancy and distractibility. It is regularly included among the features of
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melancholia and is more prominent in depressed patients with psychotic features
than in non-psychotically depressed patients (Coryell et al. 1985).

Individuals with psychomotor agitation are also much more likely to have a
history of psychomotor retardation (Maj et al. 2006). Some have argued that
agitation should be diagnostically linked to bipolar disorder and considered, together
with subthreshold manic symptoms, as indicative of a mixed state (Benazzi et al.
2004). Evidence for this was not sufficient for the inclusion of psychomotor agitation
in the DSM-5 criteria for the MDD mixed states specifier, however.

As noted, histories of psychomotor retardation and those of agitation are likely to
coexist. Taken together, depressive syndromes marked by agitation or retardation
have some stability across repeated episodes (Coryell et al. 1994b). Retardation is
also notable because it shades into catatonia as severity increases. Psychomotor
retardation, together with psychotic features, are the only symptoms found to
distinguish responders to real ECT from responders to sham ECT (Crow et al. 1984).

Self-described concentration difficulties experienced by depressed patients have
been shown to correlated strongly with health-related quality of life, independent of
the severity of other depressive symptoms (Fattori et al. 2017). Subjectively rated
problems with concentration also correlate with objectively measured cognitive
deficits. Research into the implications of such objectively measured cognitive
deficits for consequent impairment, course of illness, and both neuroanatomical
and neurofunctional abnormalities is extensive. Notably, both subjectively and
objectively measured deficits make contributions to disability ratings beyond the
contribution of other depressive symptoms (Naismith et al. 2007). The search for
treatments that specifically target cognitive deficits in depressive disorder is
understandable in this light (Salagre et al. 2017).

Nearly all psychiatric disorders confer an increased risk for suicidal behavior.
Largely because of its relatively high prevalence, the majority of individuals who die
by suicide do so while in a depressive syndrome (Yoshimasu et al. 2008). Of the nine
criteria symptoms for major depressive episodes, only thoughts of suicide or suicidal
behaviors necessitate a careful estimate of near- and long-term risks for future
suicide attempts or suicide completions. The most consistently identified risk factor
for completed suicide is a history of suicide attempts, even attempts in the distant
past (Coryell and Young 2005). Among attempters, those that employed violent
means carry much higher risks for eventual suicide (Runeson et al. 2010), and risks
for all individuals admitted for suicidal ideas or behaviors are highest in the weeks
following discharge (Mortensen et al. 2000). For patients psychiatrically admitted
because of suicidal ideation or behaviors, the subsequent denial of suicidal plans
should, of its self, not justify discharge. The illness, and other factors, that gave rise
to the suicide threats or behaviors should have demonstrably improved as well.

6 Diagnostic Boundaries

Personality disorders often accompany MDD in clinical settings (Corruble et al.
1996) and have considerable importance when they do. Depressed patients
with personality disorders have earlier onsets of depression (Charney et al. 1981;
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Pfohl et al. 1984; Black et al. 1988), are more likely to have histories of suicide
attempts (Pfohl et al. 1984; Black et al. 1988), have fewer melancholic symptoms
(Charney et al. 1981; Black et al. 1988), and have higher rates of psychosocial
adversity (Pfohl et al. 1984). Prospective studies show that depressed patients with
personality disorders experience more depressive morbidity over time (Pfohl et al.
1984; Zimmerman et al. 1986; Shea et al. 1990) and a poorer response to treatment,
whether that be treatment with antidepressants (Charney et al. 1981; Pfohl et al.
1984), with ETC (Zimmerman et al. 1986), or with psychotherapy (Shea et al. 1990).

Among the personality disorders listed in DSM-5, borderline and antisocial
personality disorders are perhaps the most thoroughly studied. Patients with ASPD
often present with suicidal thoughts or behaviors in the context of depressive
symptoms, and an ASPD diagnosis maybe missed unless it is considered in the
differential. If it is present, the likelihood of concurrent substance abuse is substan-
tially higher and maybe the more appropriate treatment target.

The recognition of comorbid borderline personality disorder is particularly
important for treatment selection and patient counseling. First, though many con-
trolled trials have shown that some widely used antidepressants are globally effec-
tive for the various facets of BPD, some, such as SNRIs or bupropion, have not been
tested in this population (Mercer et al. 2009). Similarly, RCTs have supported the
use of valproate, carbamazepine, and topiramate, but lithium has not been tested.
Moreover, the time in which depressive symptom ratings for placebo and active
treatment groups separate is typically later than is the case at uncomplicated MDD. It
is important that both the treating physician and patient know this.

Second, patients with depressive symptoms and BPD often have a history of
multiple unsuccessful antidepressant trails and, in addition, often report auditory
hallucinations that may be construed as psychotic features. This picture thus may
result in referral for ECT treatment. However, direct comparisons of patients with
depression and borderline personality to those with other personality disorders
showed that the former group had significantly poorer ECT outcomes than did
those with other personality disorders whose outcomes were no different from
depressed patients without personality disorders (Feske et al. 2004).

Third, there exists a substantial overlap between features of BPD and those of
bipolar illness. This overlap includes sudden shifts in mood, periods of irritability
and recklessness, and a predisposition to substance abuse. Not surprisingly there is
now convincing evidence that borderline personality disorder is being widely
misdiagnosed as bipolar disorder in the United States (Zimmerman et al. 2010).
Such misdiagnoses are likely to have the unfortunate effect of shifting treatment
focus to one that emphasizes polypharmacy and an external locus of control. Indeed,
there is some evidence that patients with borderline personality disorder who have
been misdiagnosed with bipolar disorder have poorer outcomes than patients who
have never been given a diagnosis of bipolar disorder (Zimmerman et al. 2010).

Many patients given a firm diagnosis of schizophrenia have received other
diagnosis previously, and a mood disorder diagnosis is frequently among these.
Such diagnostic instability is particularly likely among patients who present with
major depressive episodes and psychotic features. In a rigorously designed study,
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43% of patients who began follow-up with a diagnosis of MDD with psychotic
features had a consensus diagnosis of schizophrenia at 10 years (Bromet et al. 2011).
Notably, diagnostic shifts in the opposite direction, from schizophrenia to MDD,
occurred in only 2.4% of cases. Those who switched from MDD to schizophrenia
were more likely to have had an insidious onset and to have had a family history of
MDD. Baseline variables were otherwise of little value in predicting this shift
(Ruggero et al. 2011). Taken together these results show the importance of
reassessments over time. A diagnosis of major depressive disorder with psychotic
features that is based on a single assessment should be considered a provisional one.

Much more research addresses the likelihood of, and risk factors for, transitions
from MDD to bipolar disorder. The rates of such switches are quite variable across
studies but are generally lower in prospective studies that have employed structured
diagnostic interviews in the baseline assessment. Manic symptoms are among the
most consistent predictors in both adult (Fiedorowicz et al. 2011b) and child/
adolescent samples (Biederman et al. 2014), and the risks appear to increase in a
stepwise fashion with the number of manic symptoms observed. Perspective studies
have also repeatedly identified an early onset, and a family history of bipolar
disorder as robust risk factors for diagnostic shifts to bipolar disorder (Zimmermann
et al. 2009; Fiedorowicz et al. 2011Db).

7 Biology

Of the many labels assigned to syndromes now encompassed as depressive
disorders, the term melancholia has been the most enduring and was described by
Hippocrates over 2,400 years ago (Lewis 1934). Later physicians in the classical
period, such as Aretacus of Cappadocia and Galen, also provided similar
descriptions. They noted its episodic nature and the frequent alternations with
manic states. Efforts to systematically describe and classify psychiatric disorders
were superseded by church teachings in the Dark and Middle Ages, and conditions
that would now be considered psychiatric were attributed to demonic possession,
witchcraft, and other supernatural causes. With the Renaissance the observations of
the ancient writers again became influential. The attributions to a humoral imbalance
with an excess of phlegm and black bile persisted.

In the seventeenth to the eighteenth centuries, writers proposed many
classifications schemes for mental disorders. These were generally inclusive of
melancholia, but none achieved clear ascendancy over the others. Early in the
twentieth century, Kraepelin proposed the fundamental distinction between manic
depressive illness and dementia praecox. Psychoanalytic thinking then dominated
from the 1940s to the 1960s, particularly in American psychiatry. Psychoanalytic
formulations generally viewed depressive states as being reactive or psychotic
depending on whether an identifying loss could be identified in a given case. If it
could, then the problem was assumed to arise from inwardly directed anger triggered
by loss reminiscent of unresolved childhood conflict or by an overactive superego.
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Coincident with the advent of effective pharmacotherapy for mood disorders and
the advent of a medical model or “neo-Kraepelinian” school of thought, emphasis
shifted to the value of explicit and inherently reliable criteria for mood disorder
diagnosis. This strongly influenced DSM-III and its subsequent iterations. The
perceived need for diagnostic reliability influenced the decision to apply the label
of major depressive disorder to conditions widely acknowledged to be heteroge-
neous. Some have proposed a solution in which major depression is replaced by a
distinction between melancholia and non-melancholic mood disorders (Shorter
2007). Questions as to whether the observed differences between melancholic and
non-melancholic depression can be attributed solely to the greater severity
associated with melancholic depression remain unresolved, however.

With effective drug therapies for schizophrenia and mood disorders came
investigations into the role of neurotransmitters in these illnesses. For depressive
orders this interest grew initially from evidence for the antidepressant effects of
monoamine oxidase inhibitors that emerged in the late 1950s (Schildkraut et al.
1965; Schildkraut 1967), as well as the pro-depressant effects of reserpine (Harris
1957). In its simplest form, the catecholamine hypothesis posited that depressive
illness resulted from a relative deficiency of norepinephrine and that its relative
excess promoted mania. Subsequent studies of norepinephrine or of norepinephrine
metabolite concentrations, whether in urine, blood, or cerebrospinal fluid, yielded
very inconsistent results, however.

Interest in the role of serotonin, an indolamine, developed soon after that for the
catecholamines. Replicated observations showed a bimodal distribution of CSF
5-HIAA concentrations in which groups with the lower concentrations were
comprised of individuals with more severe or endogenous depressive symptoms
(Asberg et al. 1976; Gibbons and Davis 1986).

Additional evidence that norepinephrine and serotonin play important roles in
depressive illness derives from precursor depletion studies. A low tryptophan diet
followed by a tryptophan-free drink of amino acids results in abrupt lowering of
serotonin synthesis. Alternatively, the addition of alpha-methyl-para-tyrosine to the
diet blocks the production of L-dopa and thus depletes norepinephrine (Berman et al.
1999). These manipulations result in the rapid onset of depressive symptoms among
individuals who have responded to SSRIs (Delgado et al. 1990) or to norepinephrine
reuptake inhibitors (Miller et al. 1996), respectively. These maneuvers do not
produce depression in well controls or in individuals who have responded to the
alternative type of antidepressant.

Far fewer studies have targeted the possible role of dopamine functioning in
depressive disorder. However, because anhedonia is often given prominence in
criteria for depressive disorders and because it appears to be associated with much
of the resulting disability (Vinckier et al. 2017), the fact that the dopamine system is
integral to motivational arousal makes it also a likely candidate. Evidence for this
includes lower dopamine metabolite concentrations in the CSF (Reddy et al. 1992)
and lower dopamine transport binding (Sarchiapone et al. 2006). Some controlled
trials of augmentation with dopamine agonists in major depressive episodes exist
(Madhoo et al. 2014), but their efficacy may be greater in bipolar depression
(Szmulewicz et al. 2017).
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Other systems are clearly involved in pathogenesis of MDD, but none of the
drugs approved for treatment in the United States target them. Probably the most
extensively researched of these is the hypothalamic-pituitary-adrenal (HPA) axis.
Early evidence suggested that the HPA is hyperactive, as manifest in a positive
dexamethasone suppression test (DST), and that this hyperactivity might be specific
for melancholia (Carroll et al. 1981), bipolar depression (Schlesser et al. 1980), or
psychotic depression (Nelson and Davis 1997). Other findings pointed to the utility
of the DST in the prediction of long-term outcome in schizoaffective depression
(Coryell et al. 1992; Coryell and Zimmerman 1989). Subsequent failures to show
consistent levels of diagnostic specificity, however, resulted in disillusionment over
the DST (Hirschfeld et al. 1983). The test is, consequently, not now in wide use. The
recent review of 48 studies on this topic, though, pointed to the problems inherent
and the varied definitions used for melancholia or endogenous depression and noted
that HPA hyperactivity distinguishes melancholic from atypical depression with
notable consistency (Juruena et al. 2017). Also of note is that follow-up studies
have found positive DST results to be a robust predictor of eventual completed
suicide among patients hospitalized for depressive disorder (Mann and Currier
2007).

Inescapable stress, a reliable inducer of a depression model in rodents, impairs
long-term potentiation in portions of the hippocampus (Shors et al. 1989), an area
rich in N-methyl-D-aspartate (NMDA). Such observations prompted a search for
drugs that had antidepressant effects through their effects, direct or indirect, on
NMDA receptors (Trullas and Skolnick 1990). While a number of glutamate or
NMDA receptor modulators have shown preclinical antidepressant effects (Jaso
et al. 2017), ketamine, an NMDA antagonist, has shown the most promise. The
first controlled trial of ketamine infusion (Berman et al. 2000) has been followed by
at least nine controlled trials (Kishimoto et al. 2016). The fact that the administration
of ketamine produces antidepressant effects that peak at day 1 has created consider-
able notice, particularly because reductions in suicidal thinking appear to show an
especially robust and rapid response, even after control for the effects of ketamine on
other depressive symptoms (Ballard et al. 2014; Murrough et al. 2015; Grunebaum
et al. 2018). Several open trials (aan het Rot et al. 2010; Ghasemi et al. 2014; Vande
Voort et al. 2016) and at least one RTC (Singh et al. 2016) have demonstrated that
repeated administration of ketamine can sustain the antidepressant effects. Only one
of these reports followed patients more than a week after the final infusion, and this
one described a high relapse rate within a month of the last treatment (aan het Rot
et al. 2010). A substantial minority of depressed patients, however, show sustained
response even after a single administration. The means to identify such individuals
would be of obvious importance, and a positive family history for alcoholism is the
most replicated of the potential predictors studied (Pennybaker et al. 2017). This is
notable because individuals with family histories that are positive for alcoholism,
even if they are not alcoholics themselves, react to alcohol differently from those that
lack such a family history (Schuckit 1994) and the behavioral effects of alcohol on
humans prominently involve NMDA receptors (Krystal et al. 2003).
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Though research into the neuropathogenesis of depressive illness has focused on
monoaminergic systems, a role for gamma-aminobutyric acid (GABA) deficits is
also likely (Luscher et al. 2011). GABA-A receptor function comprises an integral
link between stress and the HPA axis (Mody and Maguire 2011) and thus between
stress, either in childhood or later in life, and depressive illness. Lower GABA levels
in the brain have been shown in the CSF (Kasa et al. 1982; Gerner and Hare 1981)
and in the brain through the use of magnetic resonance spectroscopy (Sanacora et al.
1999). There is some evidence that these deficits are associated with symptom
severity or with the melancholic subtype (Sanacora et al. 2004).

GABA levels are increased by various antidepressant treatments (Luscher et al.
2011), and one study indicated that such increases can be induced acutely by an
infusion of an SSRI in well individuals (Bhagwagar et al. 2004). This implies that
5-HT receptor changes associated with antidepressant response exist downstream
from acute changes in GABA.

The GABA deficit hypothesis also indicates the potential of neuroactive steroids
as antidepressants. Thus, such positive allosteric modulators of the GABAA-R
receptor as pregnanolone and allopregnanolone have been tested recently as
treatments for depressive illness (Brown et al. 2014) and for postpartum depression
in particular (Deligiannidis et al. 2016; Kanes et al. 2017). In contrast to conven-
tional antidepressants, and akin to ketamine, the response to infusions of
allopregnanolone occurs within the first 24 h.

Yet another pathogenic mechanism, that of inflammation, holds promise for new
antidepressant approaches. The administration of pro-inflammatory agents in the
treatment of autoimmune disorders regularly results in depressive syndromes
(Capuron et al. 2001, 2002, 2008), and many reports have described elevated
cytokine levels in individuals with depressive disorders in comparison to well
controls (Baumeister et al. 2014; Dowlati et al. 2010).

Increased inflammation may explain, at least in part, links between specific
underlying risk factors and the onset of depressive illness. Supporting evidence
exists for adiposity (Bond et al. 2016; Miller et al. 2003), childhood trauma
(Cattaneo et al. 2015; Danese et al. 2007; Li et al. 2013), metabolic syndrome
(Capuron et al. 2008; Vogelzangs et al. 2014), and relative deficiencies in omega-
3 fatty acids (Dinan et al. 2009). Some studies have also reported elevations in
cytokine levels among individuals who have depressive illness and a history of
suicide attempts in comparison to those with depressive illness but without past
suicide attempts. Other reports have shown that levels of inflammatory markers
decrease with antidepressant treatment (Li et al. 2013; Basterzi et al. 2005), but some
have not (Brunoni et al. 2015; Eller et al. 2008; Hernandez et al. 2008), and it is
unclear whether the benefits of conventional antidepressants accrue at least in part,
through their anti-inflammatory effects.

There have been efforts to take a more direct approach and to use medications
known as anti-inflammatory agents as antidepressants. These have included polyunsat-
urated fatty acids, cyclooxygenase (COX) inhibitors, anti-TNNF-alpha, and minocycline
(Fond et al. 2014). Efforts have met with some success (Akhondzadeh et al. 2009;
Kappelmann et al. 2018; Muller et al. 2006) though this approach may have more
benefit for those with elevated inflammatory levels at baseline (Raison et al. 2013).
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