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Abstract
Although research has consistently established that depression and elevated depressive symptoms
are associated with an increased risk of acute coronary syndrome (ACS) recurrence and mortality,
clinical trials have failed to show that conventional depression interventions offset this risk. As
depression is a complex and heterogeneous syndrome, we believe that using simpler, or
intermediary, phenotypes rather than one complex phenotype may allow better identification of
those at particular risk of ACS recurrence and mortality and may contribute to the development of
specific depression treatments that would improve medical outcomes. Although there are many
possible intermediary phenotypes, specifiers, and dimensions of depression, we will focus on only
two when considering the relation between depression and risk of ACS recurrence and mortality:
Inflammation-Induced Incident Depression and Anhedonic Depression. Future research on
intermediary phenotypes of depression is needed to clarify which are associated with the greatest
risk for ACS recurrence and mortality and which, if any, are benign. Theoretical advances in
depression phenotyping may also help elucidate the behavioral and biological mechanisms
underlying the increased risk of ACS among patients with specific depression phenotypes. Finally,
tests of depression interventions may be guided by this new theoretical approach.
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Prospective studies have repeatedly concluded that depression is associated with an
increased risk of coronary heart disease (CHD) recurrence and mortality, but interventional
studies have indicated that conventional depression treatments do not offset this risk.
Because depression is a complex phenotype, intermediary phenotypes (IPs) of depression
may allow better identification of those at elevated risk of acute coronary syndrome (ACS)
recurrence and mortality, and these depression IPs or subtypes may allow better
identification of specific depression treatments that would improve medical prognosis
(Davidson, Rieckmann, & Rapp, 2005). The use of etiological models of depression drawn
from a variety of disciplines may be one way to better understand the research showing
increased risk of CHD and mortality in depressed patients (Davidson, Rieckmann, &
Lespérance, 2004).
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In the present article, we discuss the published literature on the risk of major adverse cardiac
events (MACE) or all-cause mortality (ACM) associated with depression in patients with
ACS, review the prevailing means by which depression is conceptualized and
operationalized in these studies, and identify limitations of these approaches. We present
one phenotyping approach to depression, which we believe will lead to a better
understanding and specification of those at risk of MACE or ACM. Finally, we present
suggestions for future research on the association between particular depression subtypes
and MACE or ACM.

Depression as an Independent Risk Factor for MACE or ACM
Depressive symptoms and depressive disorders are associated with an independent gradient
risk of mortality and morbidity in CHD patients (Barth, Schumacher, & Herrmann-Lingen,
2004; Van Melle et al., 2004), and may be more important than CHD severity for predicting
quality of life and overall health (Parashar et al., 2006; Ruo et al., 2003). Specific estimates
of the magnitude of this risk marker vary considerably, however, and researchers have
pointed to the heterogeneity among depressive disorders to explain discrepant estimates in
the literature (Davidson et al., 2005). Indeed, depression is a complex, relapsing, remitting,
and occasionally chronic set of diseases, and both the manner in which depression is
categorized in present psychiatric taxonomies and the means by which it is assessed may fail
to capture this complexity. For instance, major depressive disorder (MDD), which has been
the most commonly studied depression diagnosis in relation to ACS incidence and
recurrence, does not sufficiently capture the timing of symptom onset, symptom severity, or
whether patients have previous depression histories or particular types of depression
symptoms. In addition, although the Diagnostic and Statistical Manual of Mental Disorders
(DSM-IV) (APA, 1994) requires five symptoms, clinically significant impairment, and 2
weeks’ duration of symptoms for an MDD diagnosis, these criteria have received limited
empirical support (Kendler & Gardner, 1998).

History of MDD is particularly important to consider when examining the risk of recurrent
CHD among patients with depression, as the etiology, risk factors, and neuropsychological
deficits of recurrent and first episode MDD have been shown to differ (Basso & Bornstein,
1999; Lewinsohn, Allen, Seeley, & Gotlib, 1999). Indeed, some studies show that a single
episode of MDD (i.e., incident depression) is more strongly associated with mortality than
recurrent MDD (e.g., Carney et al., 2009). Although a few other prospective studies have
also considered MDD history (Bush et al., 2001; de Jonge, van den Brink, Spijkerman, &
Ormel, 2006; Grace et al., 2005a; Lespérance, Frasure-Smith, & Talajic, 1996), these studies
have used different depression measures, different timing and assessment of the history of
MDD, and different labels for referring to those with or without a history of depression.
These inconsistencies, in addition to the general difficulty obtaining reliable information
about previous depressive episodes, pose great limitations to understanding the differential
risks of recurrent CHD associated with different types of depression. Although we recognize
that our proposed phenotyping model will not solve these issues of assessment, the use of
semistructured or structured clinical interviews likely represents the most reliable and valid
method of obtaining prior depression history. The Depression Interview and Structured
Hamilton (DISH), for example, includes a Psychiatric History section with questions
pertaining to past history and treatment of major depression, age at first onset, age at onset
of the last prior episode, and family history of depression (Freedland et al., 2002).
Additionally, error related to the assessment of depression history may be reduced through
repeated measures or by using different methods (Kendler et al., 1993).

To further complicate matters, many studies have used measures of depressive symptom
severity, such as the Beck Depression Inventory (BDI), rather than a depressive disorder
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diagnosis to categorize depressed and non-depressed participants (e.g., Grace et al., 2005a;
Grace et al., 2005b). Although the results of some studies suggest that specific depressive
symptom dimensions (somatic symptoms) are associated with cardiac prognosis while
others are not (cognitive symptoms) (de Jonge et al., 2006; Linke et al., 2009), not all
symptom inventories categorize depression in the same way. Moreover, the feature
specifiers for the DSM-IV depressive diagnoses (e.g., catatonic and atypical features)
correspond poorly with the symptom dimensions from self-report inventories.

Given these limitations, it is perhaps not surprising that researchers have recently focused on
better methods of classifying depression (e.g. Joyce, 2008; Klein, 2008). We argue for a new
model that captures the timing of depressive episodes and disorders, the presence or absence
of a history of MDD, and specific depressive symptom dimensions. We do not intend for
this model to exist outside of the existing diagnostic classification system nor do we intend
to suggest that alternate proposals lack validity or reliability. Rather, we believe that our
model will help to resolve some of the inconsistencies and limitations discussed above and
foster greater understanding of the relation between depression and MACE/ACM.

Depression Intermediary Phenotypes
Complex phenotypes, such as depression, can be disaggregated into IPs or simpler subtypes
that are more closely related to the underlying genetic and pathophysiological characteristics
(Hasler, Drevets, Manji, & Charney, 2004). For example, although a high level of total
lipids was initially associated with an increased risk of MACE, subsequent studies revealed
that risk - or even protection - was conferred by specific lipid subtypes, such as low- and
high-density lipoproteins. This disaggregation of total lipids eventually led to the study of
the apolipoprotein E ε4 allele (Fredrickson, 1993), now itself a complex story (Edmondson
et al., 2009). We propose that the broad and complex depression phenotype be disaggregated
into IPs or simpler subtypes that are more closely related to the underlying genetic and
pathophysiological characteristics of each subtype.

The study of new depression IPs may help resolve one of the large gaps in knowledge in the
study of depression and cardiovascular disease—namely, whether a depression IP is
associated with an increased risk of MACE or ACM or whether the entire depression
phenotype is associated with an increased risk of MACE or ACM after ACS (Carney &
Freedland, 2007). Some depression IPs may have distinct biological underpinnings (Hasler,
et al., 2004), so the isolation of those IPs that are associated with increased risk of MACE or
ACM may provide insight into the association between depression and CHD recurrence and
mortality.

We propose that two mutually-exclusive, distinct IPs of depression—Anhedonic Depression
and Inflammation-Induced Incident Depression—may be associated with adverse outcomes
after an ACS, whereas a heterogeneous grouping of other depression IPs may not be
associated with adverse outcomes after ACS. We arrived at this categorization using a
hierarchical series of steps and an exhaustive review of the aforementioned literature and our
preliminary data. Specifically, we first noted that post-ACS patients with incident depression
and elevated inflammation seemed to be at greatest risk for recurrent MACE and ACM.
Those patients without incident depression and elevated inflammation but with anhedonic
depression seemed to be at next greatest risk. A third group of patient with neither incident
depression nor elevated inflammation nor anhedonic mood seemed to be at the next greatest
risk. We recognize that this division is largely arbitrary and that many more depression IPs
likely exist, and we suggest the need for further investigation of these putative IPs.
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Inflammation-Induced Incident Depression
Several new findings demonstrate that those with no history of MDD who have MDD at the
same time as ACS, in addition to increased inflammation as assessed by C-reactive protein,
might be at increased risk of MACE or ACM. We hypothesize that this represents one IP -
an Inflammation-Induced Incident Depression – that occurs in the context of ACS-related
inflammatory processes (Capuron, Hauser, Hinze-Selch, Miller, & Neveu, 2002; Felger et
al., 2007; Glassman, Bigger Jr, & Gaffney, 2009; Hayley, Poulter, Merali, & Anisman,
2005; Pollak & Yirmiya, 2002; Wichers & Maes, 2002). This putative depression IP is
consistent, though not redundant, with the DSM-IV diagnosis mood disorder due to a
general medical condition. Specification of the particular etiology (i.e., inflammation)
underlying the depression holds potentially significant implications for future research
endeavors and clinical decisions. The finding that immune activation accompanies
depressive syndromes other than mood disorder due to a general medical condition further
suggest the need for this new phenotype (Pollack & Yirmiya, 2002). We are therefore
proposing that Inflammation-Induced Incident Depression be considered an additional
specification rather than replacement for the mood disorder due to a general medical
condition.

Based on an animal model (De La Garza, 2005), Inflammation-Induced Incident Depression
is hypothesized to result from a proinflammatory cascade. Animals or humans with a large,
acute proinflammatory response, regardless of the insult that initiated the response, display
depressive behaviors, even if they are not genetically susceptible to depression. Post-ACS
patients with Inflammation-Induced Incident Depression should have no history of MDD
and should demonstrate a large proinflammatory response during hospitalization for ACS,
despite taking appropriate medications. The presence of depression following the
inflammatory resposne should add to the risk of post-ACS MACE resulting from the
inflammatory response itself—a hypothesis that can be tested by including main effects
(elevated inflammation [yes/no], current MDD [yes/no], and the interaction of these two
terms (elevated information * current MDD) in a Cox regression with recurrent MACE/
ACM as the criterion varirable. We recognize that the release of proinflammatory molecules
may reflect a response to acute cardiovascular medical events and that other biological
aspects of the cardiovascular event besides inflammation may elicit the incident depressive
episode. In future studies we will test the hypothesis that the release of proinflammatory
molecules is etiologically related to incident depression.

Although we will not be able to determine the causal order of Inflammation-Induced
Incident Depression and in-hospital inflammatory ACS response in our planned
observational study, we believe that in the inflammation-induced model of depression
(Dantzer, 2001)it is more likely that inflammation causes the first onset of MDD, rather than
first-onset MDD suddenly causing dramatic elevation in inflammatory markers (e.g., C-
reactive protein [CRP] levels >50 mg/L) (Kinlay et al., 2003). Recent evidence has shown
that incident depression predicts adverse outcomes after ACS (de Jonge, van den Brink, et
al., 2006; Grace et al., 2005a), although these studies did not test for a large inflammatory
burden (Figure 1). Other published data have shown that some individuals are genetically
prone to have high CRP levels in response to ACS, regardless of the severity of the event
(Danik et al., 2006), indicating that this symptom cluster (present MDD, no MDD history,
and very high levels of inflammation) might be a depression IP worth further investigation.
This suggests that incident depression immediately after ACS may be comorbid with steeply
elevated CRP levels compared with patients who were never depressed and lend support to
our model of Inflammation-Induced Incident Depression. Patients with this depression IP
would probably also benefit from a different treatment, possibly one that is focused on the
inflammatory response rather than on the depressive symptoms.
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Melancholia and an Anhedonic Depression IP
In DSM-IV, MDD with melancholia is distinct from MDD without melancholia, and a key
symptom of melancholia is anhedonia, or loss of pleasure from almost all activities and/or
lack of reactivity to usually pleasurable stimuli (Davidson, et al., 2005). To receive a DSM-
IV diagnosis of the melancholic subtype of MDD one must have three (or more) of the
following: distinct quality of depressed mood, depression regularly worse in the morning,
early morning awakening, marked psychomotor retardation or agitation, significant anorexia
or weight loss, or excessive or inappropriate guilt (APA, 1994). There has been fierce debate
about whether MDD with melancholia is a subtype of MDD or distinct from MDD (Coryell,
2007; Duval et al., 2006; Harkness & Monroe, 2006; Khan et al., 2006; Melartin et al., 2004;
Parker, 2007; Stewart, McGrath, Quitkin, & Klein, 2007). Many researchers argue that the
cause, genetic vulnerability, psychoneuroendocrine correlates, responsiveness to treatment,
and life course of MDD with melancholia are sufficiently different from those of MDD
without melancholia as to represent a distinct type of depression (Fink, Bolwig, Parker, &
Shorter, 2007; Leventhal & Rehm, 2005; M. Taylor & Fink, 2008). The underlying genetic
characteristics of melancholia are still in debate, in large part because of dissatisfaction with
the way MDD with melancholia is described in DSM-IV, leading to poor specification of the
phenotype on which to genotype (Kendler, 1997).

The first-ever published report of an increased risk of CHD mortality in patients with mental
disorders noted that patients with melancholic depression were at an 11-fold increased risk
of dying compared with the general population and a 2- to 3-fold increased risk of dying
compared to patients with manic depression and other mental disorders (including
depression) (Malzberg, 1937). In fact, 40% of these patients’ total deaths were attributable
to cardiac causes, compared with only 23% for the general population. In addition, it was
lifetime prevalence, not a one-time diagnosis of melancholia that was associated with
increased CHD mortality. Notwithstanding the fact that melancholic depression was the
depression subtype that first identified those at increased risk of CHD, most cohort studies in
the intervening years have assessed either the complex phenotype of depression or the
severity of any type of depressive symptom. It is important to note that patients with
melancholic depression often have more severe depressive symptoms, and depression
severity itself may be associated with an increased risk of MACE or ACM. Thus, there are
few data on clinical outcomes to support the hypothesis that those with melancholic
depression have an increased risk of MACE or ACM after ACS.

Anhedonia, which as mentioned above is a key symptom of melancholia, is itself a complex
construct. We recently published results of an observational cohort study to determine if
depressed mood and/or anhedonia (the two cardinal symptoms of MDD) predict 1-year
medical outcomes among 453 patients with ACS who were recruited from 3 university
hospitals (Davidson, Burg et al., 2010). Within 1 week of admission, patients underwent a
structured psychiatric interview assessing clinically impaired depressed mood, anhedonia,
and major depressive episode (MDE). Patients with anhedonia comprised 17% of the total
cohort and 72.9% of the patients with MDE, suggesting that the majority of post-ACS
patients with depression have this IP. Controlling for sex, age, and medical covariates,
anhedonia was a significant predictor of combined MACE and ACM (adjusted HR, 1.58;
95% CI, 1.16–2.14; P<.01) but depressed mood was not (adjusted HR, 1.28; 95% CI, .96–
1.71, P = .09). When also controlling for MDD diagnosis or severity of depressive
symptoms, anhedonia continued to significantly predict outcomes (adjusted HR, 1.69; 95%
CI, 1.07–2.68, P = .03). These findings, which demonstrate that anhedonia may identify risk
of MACE or ACM beyond that of established medical prognostic indicators, were confirmed
using depressed mood and anhedonia subscores from the BDI in place of clinician interview
ratings.
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In contrast to the above published study, which examined only the presence of one cardinal
MDD symptom, we now propose a distinct Anhedonic Depression IP. As the Inflammation-
Induced Incident Depression IP is consistent with and modifies the DSM-diagnosis mood
disorder due to a general medical illness, so the Anhedonic Depression IP is consistent with
and modifies the DSM-IV melancholic features specifier. In addition to the essential feature
of the DSM-IV melancholia depression specifier, which emphasizes “loss of interest or
pleasure in all, or almost all activities or a lack of reactivity to usually pleasurable stimuli
[i.e., anhedonia],” we think that persons with this depression IP should meet the criteria for
an MDD in response to that life stressor, and should also have had an early onset of a
relapsing, remitting course (APA, 1994, p. 419). Therefore, in addition to anhedonia
symptoms, we further define this IP by a history of MDD and MDD at the time of the ACS.
We presume an absence of a large proinflammatory response, although this is not
definitional to the IP (see Table 1). Although these additional criteria and those of other
depression IPs are somewhat arbitrary, we believe that they better identify patients with a
specific depression IP who may be at particular risk of MACE or ACM. In hypothesizing
about why post-ACS patients with anhedonia or the Anhedonic IP may be at increased risk
of MACE or ACM, we are suggesting that it may be through behavioral inactivation—
specifically, ongoing failure to take medications and follow other clinical recommendations
(Figure 2). Although other biological and behavioral mechanisms may be involved in the
increased risk of MACE or ACM conferred by the Anhedonic Depression IP, we posit that
treatment noncompliance may be a particularly potent mechanism. If this novel hypothesis is
supported, post-ACS patients with an Anhedonic Depression IP may benefit from
interventions that focus on increasing behavioral engagement in their cardiac regimen
(medications, exercise, smoking cessation, etc).

Other Depression IPs—Although many other depression IPs (e.g., neurotic depression
and stress-sensitivity) have been proposed (Hasler, et al., 2004), each possibly with
distinctive genetic and biological characteristics and treatment responses, there is not yet
evidence that any of these have any impact on cardiovascular outcomes in post-ACS
patients. Very large cohort studies are needed to explore if any of these other IPs predict a
poor cardiovascular prognosis, and these should be conducted.

The one depression IP discussed extensively in the literature (although not recognized by
DSM-IV) is neurotic depression. It has been shown to have a high rate of heritability, an
early onset, and a relapsing, remitting course (Fanous, Gardner, Prescott, Cancro, &
Kendler, 2002; Sen et al., 2003). Although one study found that neurotic depression has no
effect on cardiovascular outcomes (Watson & Pennebaker, 1989), the lack of additional
support for cardiotoxic sequelae of this depression phenotype may reflect the fact that this
subtype, which is considered archaic and associated with speculative, psychoanalytic
connotations (Ghaemi, 2008), has not been frequently studied. However, studies have
identified neuroticism (Shipley, Weiss, Der, Taylor, & Deary, 2007) and Type D personality
(Reich & Schatzberg, in press) as predictors of MACE, and both of these constructs are
likely correlates of what is meant by neurotic depression. Treatment-resistant depression
(Carney & Freedland, 2009) may be another depression IP associated with poor
cardiovascular outcomes, but treatment failure is required to identify this IP. Because of this
complexity, treatment-resistant depression is difficult to detect in observational studies.

Finally, the DSM-IV features several diagnoses other than MDD in which depressed mood
features prominently. Although current criteria for these diagnoses, like MDD, do not
feature specifiers for timing of symptom onset, it remains possible that these conditions are
also associated with elevated risk of MACE or ACM. As such, future studies are needed to
clarify their associations with cardiac risk. For example, severe physical events, such as
ACS (myocardial infarction [MI] or hospitalization for unstable angina) can precipitate the
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DSM-IV diagnosis of adjustment disorder with depressed mood. Although this diagnosis has
been found in as many as 28% of patients during the first year following MI (González-
Jaimes & Turnbull-Plaza, 2003), studies have not yet tested if either this disorder or the
related diagnosis mood disorder due to a general medical condition confers an increased risk
of recurrent MACE or ACM in these patients. In addition, the diagnosis of depression not
otherwise specified, dysthymia, and the exploratory research category minor depression may
also be associated with elevated risk of MACE or ACM, and these diagnoses should also be
explored in future studies.

Conclusions and Clinical Implications
Depression is a complex, broad phenotype that is associated with an increased risk of
MACE or ACM among post-ACS patients. As discussed herein, this broad phenotype may
be better conceptualized as a set of more specific IPs, each of which may have a different
role in the risk of MACE or ACM. Whereas Anhedonic and Inflammation-Induced Incident
Depression are hypothesized to be associated with an increased risk of MACE or ACM,
there is not yet evidence to indicate that neurotic depression, dysthymia, or other subtypes
are associated with an increased risk of MACE or ACM. In our planned upcoming research,
which includes an ongoing large prospective cohort study, we intend to evaluate these
hypotheses.

Future Research
Prescription Usage Lifestyle and Stress Evaluation (PULSE) Study—A cohort
study of 1400 post-ACS patients hospitalized at New York Presbyterian or Mount Sinai
hospitals in New York, NY has recently been initiated to further elucidate the differential
risks conferred by different depression IPs. Within 7 days of hospital discharge for ACS,
participants undergo a diagnostic interview for depression and provide depression histories
and self-reported data to determine the presence of four conceptually distinct depression IPs:
Anhedonic, Inflammation-Induced Incident, Other Depression (lifetime diagnosis of MDD,
but not meeting criteria for the previous two IPs), or Never Depressed (control). All
participants are followed for 1 year for MACE (nonfatal MI, urgent cardiac
revascularization, and unstable angina hospitalization) and ACM. In this study, we plan to
examine the aforementioned depression IPs to identify the extent to which they predict
subsequent adverse cardiovascular events. We will test the validity of our proposed
depression IPs by constructing a Cox regression model with recurrent MACE as the criterion
variable and the following as predictor variables: MDD history (yes/no), current MDD (yes/
no), Anhedonia criteria met (yes/no), elevated inflammation (i.e., CRP > 50) (yes/no), and
the cross-products of each of the aforementioned main effect predictors (e.g., MDD history
* Anhedonia criteria met).

Mechanisms by Which Depression Increases the Risk of MACE or ACM—
Identifying depression IPs that are relevant to prognosis is important; however, it is also
essential to gain an understanding of the pathways through which they act. There are three
major arguments in the literature regarding the processes by which depression, or its
subtypes, may increase the risk of MACE or ACM (Frasure-Smith & Lespérance, 2006).
The first argument is that depression causes or temporally precedes behaviors that in turn
alter MACE or ACM outcomes (Ziegelstein et al., 2000). As support for this position, recent
research has demonstrated that insomnia and sleep duration act as mediators of the relation
between depression and hypertension incidence (Gangwisch et al., 2009). As such, it is
plausible that depression induces sleep dysfunction, which in turn induces hypertension
incidence and its vascular and cardiac complications. A second argument is that depression
or some of its subtypes may precede or directly influence biological dysregulations, such as
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platelet aggregation or autonomic dysregulation, known to affect MACE or ACM outcomes
(Frasure-Smith & Lespérance, 2006). The third argument is that depression or variants
thereof are merely markers of unmeasured disease severity or biological dysregulation that
precedes the depression. Proponents of this last position argue that the association between
depression and MACE or ACM is spurious or that depression is not causally implicated in
the increased risk of MACE or ACM risk found in some post-ACS patients with depression.
Thyroid axis function (Bunevicius et al., 2006) and sleep-related breathing disorders (Kierlin
& Yan-Go, 2009), may represent common etiologic factors from which depression and
cardiac impairment result concurrently. While distinct, these three mechanistic arguments
are not mutually exclusive, and all could have merit, particularly if one considers different
depression IPs and their pathways to MACE or ACM.

Further exploration of immune dysregulation as a possible common etiologic factor or
confounder by which one of our proposed depression IPs mark increased risk of MACE or
ACM is particularly warranted, as the results of previous studies exploring this hypothesis
are mixed. Although the Inflammation-Induced model of depression has generally been
supported in the animal literature, there remain equivocal findings regarding the extent to
which particular cytokines are associated with depression (Howren, Lamkin, & Suls, 2009)
and the directionality of the pathway linking cytokines, depression, and CHD. Consideration
of the depression IPs may help resolve these inconsistencies. Moreover, although an
emerging body of literature has shown that inflammation does not mediate the association
between recurrent depression and MACE (Janszky, Ahlbom, Hallqvist, & Ahnve, 2007;
Whooley et al., 2007), it is possible that these null findings reflect a failure to consider rare
depression IPs. Finally, inflammation is a well-established, independent risk factor for
recurrent ACS (Pearson, Mensah, Alexander, Anderson, Cannon, Criqui, et al., 2003), and
thus patients with high inflammatory response but without depression are still at risk of
MACE and/or ACM. To better clarify and describe the Inflammation-Induced Incident
Depression IP, future studies should examine whether the magnitude and type of cardiac risk
conferred by elevated inflammation with depression differs from that conferred by elevated
inflammation without depression.

Randomized Clinical Trials—The establishment of depression as a marker of MACE or
ACM risk in patients after ACS, prompted the National Heart, Lung, and Blood Institute in
the 1990s to fund the Enhancing Recovery in CHD Patients (ENRICHD) study. This
multicenter clinical trial randomized close to 2500 patients to determine whether treating
depression after acute MI improved event-free survival (Berkman, et al., 2003). Although
the results of the ENRICHD trial revealed that treating MDD resulted in statistically
significant improvement in depression status compared with usual cardiology care, this
effect did not translate into improved medical prognosis (Berkman, et al., 2003). In their
discussion of findings (Carney, et al., 2003; Sheps, Freedland, Golden, & McMahon, 2003),
the ENRICHD investigators raised a number of questions as to why the trial, while
successful in treating depression in patients who accepted treatment, did not affect the
MACE or ACM risk associated with depression. Among the factors discussed were (1) the
high spontaneous remission response seen in the usual care group, perhaps in part because
patients with a benign subtype of depression, such as adjustment disorder with depressive
features, were included and (2) the possibility that the intervention might not have
sufficiently addressed the underlying pathophysiological characteristics tying depression to
recurrent events.

Other depression efficacy and safety trials for post-ACS patients have similarly not shown a
reduction in MACE or ACM risk (Lespérance et al., 2007; Sebregts, Falger, Appels, Kester,
& Bär, 2005; C. Taylor et al., 2005; Van Melle et al., 2007), with the exception of two that
were not powered to find such an effect (Davidson, Rieckmann et al., 2010; Glassman et al.,
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2002). Thus, these randomized clinical trials have been unable to identify effective
interventions to reduce the risk of MACE or ACM in depressed patients after ACS. Future
randomized clinical trials should build upon the findings of prospective observational
examinations of depression IPs such as the Prescription Usage Lifestyle and Stress
Evaluation study, as consideration of the link between specific depression IPs with MACE
or ACM may point to distinct treatments for different groups of depressed patients.
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Figure 1.
Conceptual model of the relation between Inflammation-Induced Incident Depression,
biological confounders, and major adverse cardiac events (MACE) or all-cause mortality
(ACM) 1 year after acute coronary syndrome.
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Figure 2.
Conceptual model of the relation between Anhedonic Depression, behavioral mechanisms,
and major adverse cardiac events (MACE) or all-cause mortality (ACM) 1 year after acute
coronary syndrome.
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Table 1

Characteristics of depression intermediary phenotypes

MDD History or History of
Antidepressant Use

MDD Current Episode DSM-IV Anhedonia
Criteria Met

CRP > 50 ug/mL

Anhedonic Depression + + + +/−

Inflammation-Induced − + +/− +

 Incident Depression

  Other Depression + +/− − −

  Never Depressed − − − −
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