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his article reviews the burgeoning literature on the relationship of mood disorders and
heart disease. Major depression and depressive symptoms, although commonly en-
countered in medical populations, are frequently underdiagnosed and undertreated
in patients with cardiovascular disease (CVD). This is of particular importance be-
cause several studies have shown depression and its associated symptoms to be a major risk factor
for both the development of CVD and death after an index myocardial infarction. This review of
the extant literature is derived from MEDLINE searches (1966-1997) using the search terms “ma-
jor depression,” “psychiatry,” “cardiovascular disease,” and “pathophysiology.” Studies investi-
gating pathophysiological alterations related to CVD in depressed patients are reviewed. The few
studies on treatment of depression in patients with CVD are also described. Treatment of depres-
sion in patients with CVD improves their dysphoria and other signs and symptoms of depression,
improves quality of life, and perhaps even increases longevity. Recommendations for future research are
proposed. Arch Gen Psychiatry. 1998;55:580-592
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People never die of love or grief alone: though
some die of inherent maladies, which the
tortures of those passions prematurely force
into destructive action.

Charlotte Bronte, Shirley, 1848

Depressive syndromes and major depres-
sion are exceedingly common. A recent
comprehensive study, the National Comor-
bidity Study, reported lifetime prevalence
rates of major depression and dysthymia of
13% and 5%, respectively.! Point preva-
lence rates of major depression in primary
care outpatients range from 2% to 16% and
from 9% to 20% for all depressive disor-
ders*” and are even higher in medical in-
patients; 8% for major depression and 15%
to 36% for all depressive disorders.®’
Minor depressive disorder (depres-
sive symptoms subthreshold in severity to
major depression and dysthymia) is also
common in the community'*'* and in pri-
mary care clinics.>*1>'" The Epidemio-

logic Catchment Area Study of more than
18500 people reported the lifetime preva-
lence rate of subthreshold depressive
symptoms to be 23%, in comparison with
6%, the sum of the prevalence rates of ma-
jor depression and dysthymia.'

Though depression in patients with
coronary artery disease (CAD) is rarely di-
agnosed by primary care physicians and
cardiologists,'®** recognition and treat-
ment of major depression is crucial, espe-
cially for patients after myocardial infarc-
tion (MI). Not only do depressed patients
experience great difficulties in problem
solving and coping with challenges, but de-
pression adversely affects compliance with
medical therapy** and rehabilitation®? and
increases medical comorbidity.” Minor de-
pressive disorder is also associated with
significant functional impairment and sub-

stantial increases in health care utiliza-
[iOn.13'14’27’28
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Inpatients with CAD, depression
predicts future cardiac events***°and
hastens mortality.?*3'** Since the
1960s, multiple longitudinal and cross-
sectional studies have scrutinized the
association of cardiovascular disease
(CVD), especially CAD, with depres-
sive symptoms, as well as with major
depression. Thisreview of the extant
literature is derived from MEDLINE
searches (1966-1977), using the search
terms “major depression,” “psychia-
try,” “heartdisease,” and “pathophysi-
ology.”

EPIDEMIOLOGY

Depression and
Cardiovascular Disease

Early studies reported the preva-
lence of depression to be from 18% to
60% in patients with CAD.!8:19:233.34
Later studies report relatively con-
sistent prevalence rates of depres-
sion in patients with CVD, ranging
from 16% to 23% (mean, 19%; me-
dian, 18%), despite the potential
methodological weaknesses of some
of the studies listed in Table 1 (such
as the use of unmodified psychiatric
diagnostic instruments to deter-
mine the prevalence of depression,
excluding patients because of sever-
ity of CVD, and measuring depres-
sive symptoms at different times af-
ter hospital admission) and
methodological differences among
the studies (dissimilar patient popu-
lations, different diagnostic instru-
ments, hospitalization status, or un-
specified type of heart disease).
Furthermore, structured clinical in-
terviews such as the Diagnostic In-
terview Schedule® may not have the
same validity in patients with CAD
as in the general population.

Although severity of physical ill-
ness is one of the most important vari-
ables associated with depression in pa-
tients with other medical illnesses,
studies of patients with CVD do not
document a higher prevalence rate of
depression in patients with mea-
sures of more advanced CVD or with
a greater level of disability.*-*3?

Depression as a Risk Factor for
Ischemic Heart Disease

The notion that having a psychiat-
ric illness such as major depression

Table 1. Prevalence of Major Depression in Patients With Cardiovascular Disease*

Study No. and Type of Patients Diagnostic Method  Prevalence, %
Carney et al*® 52 patients with CAD DIS 18
undergoing elective
cardiac catheterization
Schleifer et al? 283 patients hospitalized with Ml SADS 18
Frasure-Smith et al®® 222 patients hospitalized with MI DIS 16
Gonzalez et al*’ 99 patients hospitalized with CAD DIS 23

*CAD indicates coronary artery disease; DIS, Diagnostic Interview Schedule, version I11%;
MI, myocardial infarction; and SADS, Schedule for Affective Disorders and Schizophrenia.*

increases one’s risk for developing
ischemic heart disease remains con-
troversial and has been often intu-
itively “explained” by the hypoth-
esis that persons with psychiatric
disorders generally have other risk
tactors for the development of
CAD.’® Table 2 contains studies
with the most rigorous methods that
are prospective in design, have used
structured clinical interviews or di-
agnostic instruments, have in-
cluded other risk factors for CVD in
their analysis (such as hyperten-
sion, hypercholesterolemia, nico-
tine and other substance abuse, and
physical inactivity), and controlled
for demographic factors (such as age,
sex, and socioeconomic status).

Nearly all the recent studies in
Table 2 document increased cardio-
vascular morbidity and mortality in
patients with depressive symptoms
or major depression, thereby impli-
cating depression as an indepen-
dent risk factor in the pathophysi-
ologic progression of CVD, rather
than merely a secondary emotional
response to the illness. Such large
epidemiologic studies may use self-
report instruments, rather than clini-
cal interviews, to evaluate the im-
portance of psychological factors in
predicting CVD. Assessments of this
type are typically added to large,
multiple risk factor studies in which
population-based samples are fol-
lowed up prospectively.® The ad-
vantage of using “dimensional” mea-
sures of depression (rather than a
categorical diagnosis of major de-
pression) is the increased statisti-
cal power to detect smaller “ef-
fects.” However, such epidemiologic
data are not equivalent to clinical
data.

A relatively large clinical study
supporting depression as an in-
dependent risk factor for CVD ob-
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served that patients with major
depression experience elevated
mortality rates from CVD. Frasure-
Smith and colleagues*>* found de-
pression to be a significant predic-
tor of mortality (P<<.001) in 222
patients 6 months after MI. Depres-
sion remained a significant predic-
tor of mortality (P=.01), even after
multivariate statistical methodol-
ogy was used to factor out the ef-
fects of left ventricular dysfunction
and previous MI. Multiple logistic re-
gression analyses revealed depres-
sion was significantly related to 18-
month cardiac mortality, even after
controlling for other significant mul-
tivariate predictors of mortality (pre-
vious MI, Killip class, frequency of
premature ventricular contractions
[PVCs]) (P=.003).

BIOLOGY

Hypothalamic-Pituitary-
Adrenocortical and
Sympathomedullary Hyperactivity

Recent advances in biological psy-
chiatry have included the discover-
ies of numerous neurochemical,
neuroendocrine, and neuroana-
tomic alterations in unipolar depres-
sion. Proposed as important ad-
juncts in the diagnosis of depressed
subjects, certain of these biologic
markers may reflect important patho-
physiologic alterations that contrib-
ute to the increased vulnerability of
depressed patients to CVD. These
include sympathoadrenal hyperac-
tivity, diminished heart rate variabil-
ity (HRV), ventricular instability and
myocardial ischemia in reaction to
mental stress, and alterations in
platelet receptors and/or reactivity
(Figure 1).9

Two primary components cen-
tral to the “fight or flight” stress re-
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Table 2. Antecedent Depression and Subsequent Risk of Cardiovascular Disease (CVD)*

Relative Risk (RR) of Major Depression or

(aged 45-77'y)
Aromaa et al*
(aged 40-64 y)
Ford et al®’ 1198 men

Vogt et al*?
Simonsick et al**
Everson et al*®
Barefoot and Schroll*®
(all born in 1914)

Pratt et al%

Wassertheil-Smoller et al*®

5355 men and women

1187 men and 1386 women
(aged =18 y) in an HMO

1063 men and 2398 women
(aged =65 y with hypertension

2428 men (aged 42-60 y)

409 men and 321 women

1551 men and women

4736 men and women >60y
with hypertension

Source No. and Type of Patients Diagnostic Method Depressive Symptoms for CVD or CVD-Related Death
Ostfeld et al*® 1990 male Western MMP]#© None
Electric employees 16 PF!
Brozek et al*? 258 men MMP|4 None
Goldberg et al** 82 pairs (male and female) of CES-D Scale® (plus 4 other None
case/control subjects randomly depression scales)
selected from 2 communities
Murphy et al*® 1003 male and female subjects DPAX algorithm*” For CVD-related death, men = 2.5, women = 1.5
from the community
Anda et al*® 2832 men and women Depression subscale of GWS*  For IHD-related death, 1.5-2.1

PSE®

Depression questionnaire
Depression scale®

CES-D Scale®

Hopelessness self-report
questionnaire

MMPI5” For MI, 1.7
DIS%® For MI, odds ratio = 2.07 (history of dysphoria);

odds ratio = 4.54 (history of major depressive disorder)
CES-D® Baseline CES-D score =16 did not predict future M;

RR of future MI per 5-unit increase in CES-D score:
women = 1.2

For MI, men = 2.62, women = 1.90

For MI, 1.9
Depressive symptoms not related to incidence of CVD

Elevated rates of CVD-related death in women with
high scores of depressive symptoms

For CVD-related death, RH = 2.52
(with moderate hopelessness score); RH = 3.90
(with high hopelessness scores)

*MMPI indicates Minnesota Multiphasic Personality Inventory; PF, Personality Factor; CES-D, Center for Epidemiological Studies Depression Scale; DPAX,
computer diagnosis of depression and anxiety; GWS, General Well-Being Schedule, IHD, ischemic heart disease; PSE, Present State Examination; MI, myocardial

infarction; HMO, health maintenance organization; RH, relative hazard; and DIS, Diagnostic Interview Schedule.

sponse observed by Cannon in
1911°* and the “general adaptation
syndrome” described by Selye® are
the hypothalamic-pituitary-adre-
nocortical axis and sympathoad-
renal system. In response to stress,
hypothalamic neurons containing
corticotropin-releasing factor (CRF)
increase synthesis and release of
corticotropin (ACTH), B-endor-
phin, and other pro-opiomelano-
cortin products from the anterior pi-
tuitary gland. Many studies have
documented evidence of hypotha-
lamic-pituitary-adrenocortical axis
hyperactivity within medication-
free patients with major depres-
sion, ie, elevated CRF concentra-
tions in cerebrospinal fluid,®**
blunting of the ACTH response to
CRF administration, nonsuppres-
sion of cortisol secretion following
dexamethasone administration, hy-
percortisolemia, and pituitary and
adrenal gland enlargement, as well
as direct evidence of increased num-
bers of hypothalamic CRF neurons
in the postmortem tissue of de-
pressed patients as compared with
controls.”™" Administered cortico-

steroids have long been known to in-
duce hypercholesterolemia, hyper-
triglyceridemia, and hypertension.
Other atherosclerosis-inducing ac-
tions of steroids include injury of
vascular endothelial cells,”? in-
tima,”>”> and inhibition of normal
healing.”® Indeed, elevated morn-
ing plasma cortisol concentrations
have been significantly correlated
with moderate to severe coronary
atherosclerosis in young and middle-
aged men.”’

Many patients with major de-
pression also exhibit dysregulation
of the sympathoadrenal system. The
adrenal medulla and sympathetic
nervous system together comprise
the sympathoadrenal system. Al-
though the central nervous system
regulation of the sympathoadrenal
system is only partially character-
ized, hypothalamic CRF-contain-
ing neurons provide stimulatory in-
put to several autonomic centers
involved in regulating sympathetic
activity.”®® Nerve impulses from
regulatory centers in the central ner-
vous system control catecholamine
release from the sympathoadrenal
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system. Physiological and pathologi-
cal conditions causing sympathoad-
renal activation include physical ac-
tivity, coronary ischemia, heart
failure, and mental stress. Epineph-
rine in plasma is derived from the ad-
renal medulla whereas plasma nor-
epinephrine (NE) concentrations
reflect its secretion largely from sym-
pathetic nerve terminals, with the re-
maining NE provided from the ad-
renal medulla and extra-adrenal
chromatffin cells. Peripheral plasma
NE concentrations are determined
not only by rate of release from sym-
pathetic nervous system nerve ter-
minals, but also by reuptake into pre-
synaptic terminals, local metabolic
degradation, and redistribution into
multiple physiological compart-
ments.

Hypersecretion of NE in uni-
polar depression has been docu-
mented by elevated plasma NE and
NE metabolite concentrations®#*
and elevated urinary concentra-
tions of NE and its metabolites. Not
only do depressed patients exhibit
higher basal plasma concentrations
of NE but those with melancholia
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The Relationship Between Major Depression and Cardiovascular Disease
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Figure 1. Hypothetical schema of pathophysiologic alterations associated with depression that likely contribute to increased vulnerability to cardiovascular disease

(CVD). Autonomic nervous System innervation of the heart via parasympathetic vagus (X) and sympathetic (postganglionic efferents from cervical and upper
thoracic paravertebral ganglia) nerves is shown. CRF indicates corticotropin-releasing factor; ACTH, corticotropin; TNF-«, tumor necrosis factor o, IL-1,
interleukin 1; IL-6, interleukin-6; HRV, heart rate variability; and HPA, hypothalamic-pituitary-adrenocortical axis.

exhibit even greater elevations in
plasma NE concentrations when
subjected to orthostatic challenge
than do normal control subjects and
depressed patients without melan-
cholia.® Furthermore, depressed pa-
tients who are dexamethasone test
nonsuppressors exhibit signifi-
cantly higher basal and cold-
stimulated plasma concentrations of
NE than depressed patients who are
dexamethasone test suppressors.®
Following treatment with tricyclic
antidepresssants (TCAs), urinary
excretion of NE and its metabolites
diminish with plasma NE concen-
trations,®*! though Veith and col-
leagues® reported that long-term
treatment with desipramine in-
creased plasma concentrations of
norepinephrine. Thus, sympathoad-
renal hyperactivity seems to repre-
sent a state, rather than a trait,
marker of depression, possibly re-
flecting increased CRF release within
the central nervous system.

Sympathoadrenal hyperactiv-
ity contributes to the development
of CVD through effects of catechol-
amines upon the heart, blood ves-
sels, and platelets. Sympathoadre-
nal activation modifies the function
of circulating platelets through di-
rect effects on the platelet, catechol-
amine-induced changes of hemody-
namic factors (increased shear
stress), circulating lipids, and inhi-
bition of vascular eicosanoid syn-
thesis.”” Arachidonic acid metabo-
lites, such as prostaglandins and
leukotrienes, contribute to diverse
circulatory and hemostatic func-
tions including inhibition of plate-
let aggregation and vascular con-
tractility and permeability.”?
Elevations of plasma NE levels are
found most frequently in young hy-
pertensive patients® and subjects
with high-cardiac-output border-
line hypertension who later pro-
ceed to established high-resistance
hypertension.*

— e——
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Even normotensive depressed
patients have been found to exhibit
greater heart rates at rest, after or-
thostasis, and after exercise in com-
parison with normal controls. These
depressed patients also exhibited in-
creased plasma concentrations of NE
and serotonin at rest.”® Thus, the
sympathoadrenal hyperactivity ob-
served in many patients with major
depression may contribute to the de-
velopment of CVD via effects of cat-
echolamines on cardiac function and
platelets.

Diminished Heart Rate
Variability

Alterations in autonomic nervous
system activity, as demonstrated by
reduced HRV, represent another po-
tential mechanism contributing to
the diminished survival of de-
pressed patients with CVD. It is be-
lieved that the beat-to-beat fluctua-
tions in hemodynamic parameters
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reflect the dynamic response of the
cardiovascular control systems to a
myriad of naturally occurring physi-
ological perturbations, such as fluc-
tuations in heart rate associated with
respiration. Therefore, fluctua-
tions in heart rate may provide a sen-
sitive measure of the functioning of
the rapidly reacting sympathetic,
parasympathetic, and renin-
angiotensin systems. Cardiovascu-
lar homeostasis is maintained by the
parasympathetic and sympathetic
nervous systems via afferent pres-
soreceptors and chemoreceptors and
efferents that alter heart rate, atrio-
ventricular conduction, and con-
tractility and impinge on the periph-
eral vasculature, altering arterial and
venous vasomotor tone.”’

Heart rate variability is the stan-
dard deviation of successive inter-
vals between 2 successive R waves
(the first positive defelection of a
QRS complex) on an electrocardio-
gram in sinus rhythm and reflects the
interplay and balance between sym-
pathetic and parasympathetic in-
put on the cardiac pacemaker. Pe-
ripheral control of HRV is mainly via
the parasympathetic cholinergic va-
gus nerve.”® Central generation and
control of heart rate is regulated by
the hypothalamus, the limbic sys-
tem, and the brainstem. Numerous
central nervous system neurotrans-
mitters are involved in modulating
HRYV, including acetylcholine, NE,
serotonin, and dopamine.?*®

A high degree of HRV is ob-
served in normal hearts with good
cardiac function, whereas HRV can
be significantly decreased in pa-
tients with severe CAD or heart
failure.!®* Moreover, the relative
risk of sudden death after acute MI
is significantly higher in patients
with decreased HRV.'"*'%" Heart
rate variability is one of many post-
infarction prognostic factors (oth-
ers include age, left ventricular
ejection fraction, and frequency of
arrythmias). Its positive predictive
power is relatively modest when
considered in isolation. Although
positive predictive accuracy is not
high when HRV is considered in
combination with other prognostic
factors, ' clinically useful levels
of negative predictive accuracy can
be achieved.'®° Of the many ar-
rhythmogenic factors, autonomic

tone is the most difficult to mea-
sure,''? and thus interest in HRV
continues. Power spectral analysis
measurements of HRV are often used
because certain frequency bands of
the heart period power spectrum
have been associated with auto-
nomic nervous system control of the
sinus node.'''"'"3 The low-fre-
quency power of the heart period
power spectrum reflects modula-
tion of sympathetic and vagal tone
by baroreflex activity,!** while high-
frequency power reflects modula-
tion of vagal tone, primarily by res-
piratory frequency and depth (the
respiratory sinus arrhythmia).!*>!1¢
The physiological mechanisms con-
tributing to ultra low and very low-
frequency power of the heart pe-
riod spectrum (which account for
>90% of the total power in a 24-
hour period) remain obscure. In a
study of 715 patients after MI, cer-
tain frequency bands (total, ultra low
and very low-frequencies) of the
heart period power spectrum were
strongly associated with mortality
during 4 years of follow up, even af-
ter adjustment for other major risk
factors. Indeed, very low-fre-
quency power was most strongly as-
sociated with death secondary to ar-
rhythmia.'’

Reduced high-frequency HRV
has been observed in depressed
patients in comparison with nonde-
pressed groups,'*!*8 though discrep-
ant reports exist.!'**° In patients with
angiographically confirmed CAD,
diminished HRV during 24-hour
Holter monitoring was significantly
more common in depressed patients
than in matched nondepressed
patients.'”! Diminished high-fre-
quency HRV is thought to reflect de-
creased parasympathetic tone, pos-
sibly predisposing to ventricular
arrhythmias and perhaps to the ex-
cessive cardiovascular mortality
found in patients with CVD and
comorbid major depressive disor-
der.' One study (withouta placebo
control group) revealed normaliza-
tion of reduced HRV of depressed
patients after effective treatment.'?®
The prognostic importance of anti-
depressant-induced improvement
in diminished HRV in depressed
patients remains an intriguing area of
research. Subsequent investigation
will seek to determine the processes
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underlying ultralow and very low-
frequency bands of the heart power
spectrum; whether these bands are
altered in depressed patients (with or
without CVD) remains obscure.

Myocardial Ischemia and
Ventricular Instability in
Reaction to Mental Stress

It has long been thought that the
combination of a vulnerable myo-
cardium after M1, acute ischemia,
and negative emotional arousal can
trigger fatal ventricular arrhyth-
mias.'?* The interplay of these fac-
tors in patients with CAD is being
increasingly scrutinized. Jiang and
colleagues'® followed up 126 pa-
tients with CAD during a 5-year
period. Mental stress—induced myo-
cardial ischemia at baseline in pa-
tients with CAD was associated with
significantly higher rates of subse-
quent fatal and nonfatal cardiac
events, independent of age, base-
line left ventricular ejection frac-
tion, and previous MI. This study
proposed that the relationship be-
tween psychological stress and ad-
verse cardiac events is mediated by
myocardial ischemia. Although myo-
cardial ischemia is likely the most
significant factor in predisposition
to ventricular instability, other fac-
tors contribute. Central nervous sys-
tem control mechanisms can signifi-
cantly decrease the threshold for
ventricular fibrillation.'*® Ventricu-
lar fibrillation is believed to be the
mechanism underlying sudden car-
diac death, the most common cause
of fatality among patients with
CAD."* Psychological stress predis-
poses to abnormal ventricular activ-
ity by lowering the ventricular vul-
nerable period threshold even to the
point of fibrillation. The vagus nerve,
however, exerts antiarrhythmic ac-
tivity by direct action on the ven-
tricular myocardium and interfer-
ence with sympathetic activity.'*®
Increased parasympathetic activity
has a protective effect on myocar-
dium electrically destabilized by in-
creased adrenergic tone.'*’
Psychological and physical
events can elicit a stress response; ie,
the reaction of an organism to del-
eterious forces that disturb physi-
ologic homeostasis.'*1*° Psycho-
logical stress in humans with CAD
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increases ventricular ectopic activ-
ity and increases the risk of ven-
tricular fibrillation."'** There are
several similarities between the stress
response and major depression. Both
can be characterized by increased
blood pressure and heart rate, as well
as increased arousal and increased
mobilization of energy stores."* Par-
ticularly relevant to both the stress
response and depression are 2 criti-
cal brain structures, the locus coer-
uleus and the central nucleus of the
amygdala, which are in turn both in-
nervated by CRF-containing nerve
terminals.’>*1% The stress response
and major depression do differ, how-
ever, in some respects. In depres-
sion, some aspects of the normal
stress response seem to escalate to
a pathologic state® that fails to re-
spond appropriately to usual coun-
terregulatory responses, resulting
in a sustained version of a usually
transient phenomenon (such as hy-
peractivity of the hypothalamic-
pituitary-adrenocortical axis or sym-
pathoadrenal system). However,
although many studies have linked
stressful life events to onset of ma-
jor depression,*"*® some depres-
sions are clearly endogeneous; ie,
they have no obvious environmen-
tal precipitant.

Frasure-Smith and colleagues®
proposed that depression worsens
prognosis after MI via another
mechanism, PVCs. The risk of sud-
den cardiac death associated with
significant depressive symptoms was
greatest among patients with 10 or
more PVCs per hour (60% of these
patients died within 18 months),
suggesting arrhythmia as the link be-
tween depression and sudden car-
diac death.>* Depressed patients with
CAD are not more likely to have ar-
rhythmias than patients with CAD
and no depression, but the risk as-
sociated with depression is largely
confined to patients with PVCs. Pa-
tients who were not depressed ex-
perienced little increase in risk as-
sociated with PVCs, even in the
presence of low left ventricular ejec-
tion fraction.’? Thus, the prognos-
tic impact of PVCs may be more re-
lated to depression than to PVCs per
se. In the Cardiac Arrhythmia Su-
pression Trial,"* suppression of PVC
frequency in post-MI patients did not
reduce and actually increased mor-

tality, even though previous stud-
ies revealed that PVCs are associ-
ated with increased mortality after
MI. Treatment of depression may be
the necessary component to im-
prove survival in patients with PVCs.

Alterations in Platelet Receptors
and/or Reactivity

The adverse effects of depression on
cardiovascular disease may be also
mediated via platelet mechanisms.
Markovitz and Matthews'® first pro-
posed that enhanced platelet re-
sponses to psychological stress might
trigger adverse coronary artery is-
chemic events. This association be-
tween platelet activation and vascu-
lar disease is indirectly supported by
studies linking cerebrovascular
disease and depression. The Estab-
lished Populations for Epidemio-
logic Studies of the Elderly prospec-
tively studied 10294 persons aged
65 years and older for 6 years and
determined that rates of stroke (ad-
justed for age, physical disability,
and other medical disorders) were
2.3 to 2.7 times higher in persons
designated with “high” vs “low”
levels of depressive symptoms.’* In
another prospective study, 103
consecutive stroke patients'*' were
assessed for major depression or
dysthymia approximately 2 weeks
after stroke. Patients with major
depression or dysthymia were 3.4
times more likely to have died dur-
ing the 10-year follow-up period
than were nondepressed patients
(P=.007), even after controlling
for confounding variables (age,
medical comorbidity, type of stroke,
and lesion location) (P=.03).
Platelets play a central role in
hemostasis, thrombosis, develop-
ment of atherosclerosis, and acute
coronary syndromes'* through their
interactions both with subendothe-
lial components of damaged vessel
walls and plasma coagulation fac-
tors, primarily thrombin. Human
platelets contain adrenergic, sero-
tonergic, and dopaminergic recep-
tors. Through stimulation of the
ay-adrenoceptors on platelet mem-
branes, increases in levels of circu-
lating catecholamines (>4 nmol/L)
potentiate the effects of other ago-
nists and, at higher concentrations,
initiate platelet responses, includ-
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ing secretion, aggregation, and ac-
tivation of the arachidonate path-
way. Following injury to vessel
endothelium, platelets and circulat-
ing leukocytes attach to the newly
exposed subendothelial layer. Plate-
let adhesion to collagen (and other
components of the subendothelial
matrix) exposed within a denuded
area of the vascular endothelium and
thrombin stimulates platelet acti-
vation. Activation converts platelet
membrane GPIIb/Illa complexes
into functional receptors for fibrino-
gen. Activation is also accompa-
nied by extrusion or secretion of
platelet storage granule contents into
the extracellular environment. Plate-
lets activated at the interface with a
vessel wall injury accelerate the lo-
cal formation of thrombin and re-
lease a variety of products from their
storage granules, including chemo-
tactic and mitogenic factors induc-
ing leukocyte migration from the
blood stream and vascular cell pro-
liferation. These secreted platelet
products, such as platelet factor 4,
B-thromboglobulin, and seroto-
nin, stimulate and recruit other
platelets and cause irreversible
platelet-platelet aggregation, lead-
ing to formation of a fused-platelet
thrombus. Platelets also contribute
to vascular damage by stimulating
lipoprotein uptake by macrophages
and mediating vasoconstriction
through the production and/or re-
lease of substances such as throm-
boxane A,, platelet-activating fac-
tor, and serotonin.’® Clinical trials
have confirmed the importance of
the platelet in vascular damage; an-
tiaggregating medications are use-
ful in secondary prevention'*'* and
delay progression of atheroscle-
rotic lesions.'*® Many of these pro-
cesses are depicted in Figure 2.

We wondered whether height-
ened susceptibility to platelet acti-
vation might be a mechanism by
which depression in physically
healthy young persons acts as a sig-
nificantrisk factor for heartand cere-
brovascular disease and/or mortal-
ity after MI. Utilizing fluorescence-
activated flow cytometric analysis,
we discovered that, in comparison
with 8 normal controls, 12 depressed
patients exhibited enhanced base-
line platelet activation and respon-
siveness.'*’
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Figure 2. Platelet adhesion to collagen exposed within the denuded area of vascular endothelium has stimulated platelet activation. Activation is accompanied by
extrusion of platelet storage granule contents, which recruits other platelets, causes irreversible platelet-platelet aggregation, and forms a fused platelet thrombus.
Ca++ indicates intracellular free calcium concentrations; PF4, platelet factor 4; 3-TG, B-thromboglobulin; ADP, adenosine diphosphate; and 5HT, serotonin.

Adapted from R&D Systems, Minneapolis, Minn. Used with permission.

In another recent pilot study, 21
patients suffering from comorbid
CVD and major depression exhib-
ited increased platelet activation as
measured by markedly elevated
plasma concentrations of platelet se-
cretion products platelet factor 4 and
B-thromboglobulin when com-
pared with 17 healthy control sub-
jects and 8 nondepressed patients
with CVD.'*® Although the mecha-
nism(s) responsible remain un-
known, we believe that heightened
susceptibility to platelet activation
and secretion underlies, at least in
part, the increased vulnerability of de-
pressed patients to CVD and/or mor-
tality after MI.

Serotonin secreted by plate-
lets induces both platelet aggrega-
tion and coronary vasoconstric-
tion, both mediated by 5HT,
receptors. Vasoconstriction espe-
cially occurs when normal endothe-
lial cell counterregulatory mecha-
nisms of vascular relaxation are

defective, as often occurs in pa-
tients with CAD.'*150 Indeed, es-
sential hypertension, elevated
plasma cholesterol levels, older age,
and smoking, well-known predis-
posing factors for development of
CVD, all contribute to serotonin-
mediated platelet activation. More-
over alterations of platelet serotonin-
mediated activation have also been
described in affective disorders, most
notably major depression. Consid-
erable evidence has accrued in the
last 2 decades supportive of the hy-
pothesis that alterations in central
nervous system and platelet sero-
tonergic function occur in de-
pressed patients.’!
Serotonin-mediated platelet ac-
tivation can contribute to the devel-
opment of atherosclerosis, throm-
bosis, and vasoconstriction. Even
though serotonin itself is a weak
platelet agonist, it markedly ampli-
fies platelet reactions to a variety of
other agonists such as adenosine di-
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phosphate, thromboxane A,, cat-
echolamines, or thrombin. By an ac-
tion on 5HT, receptors, serotonin
enhances the extent of platelet ag-
gregation and the release of intra-
granular products and arachidonic
acid metabolites in response to oth-
erwise ineffective agonist concen-
trations." Such serotonergic plate-
let amplification occurs at low
concentrations attained when sero-
tonin is released from seeping plate-
lets subjected to shear stresses'? and
from platelet activation by contact
with an arterial wall lesion."">*
Several investigators have re-
ported increases in platelet SHT,
binding density in depressed pa-
tients.>*** Moreover, the changes
seem to be state-dependent, in that
5HT, binding-site density decreased
to control values only in those pa-
tients who showed clinical improve-
ment. Depressed patients have been
found to exhibit significant reduc-
tions in the number of platelet and

©1998 American Medical Association. All rights reserved.



brain serotonin transporter sites as de-
tected by [*H]imipramine hydrochlo-
ride binding,'®%* as well as the more
selective ligand [*H]paroxetine hy-
drochloride.>*'%* The increased 5HT,
receptor—binding density and de-
creased serotonin transporter sites
suggest that depressed patients may
be particularly susceptible to seroto-
nin-mediated platelet activation and
coronary artery vasoconstriction. De-
creased numbers of platelet seroto-
nin transporters would potentially
hinder uptake and storage of
periplatelet serotonin, exposing the
increased numbers of 5HT, recep-
tors to serotonin.'®>

Platelets of depressed patients
exhibit significantly increased el-
evations of intracellular free cal-
cium concentrations after seroto-
nin stimulation in comparison with
controls.'®®1%% Even functionally
trivial increases in intraplatelet cal-
cium “prime” the platelet secretion
and aggregation response to stimu-
lation by even a “weak” agonist (such
as serotonin)'® or in response to in-
creased rate of blood flow. Thus,
platelets with elevated intracellular
free calcium concentrations, as ob-
served in depressed patients, would
likely exhibit increased activation in
comparison with normal compari-
son subjects under basal conditions
or in response to shear-induced ag-
gregation (eg, following an ortho-
static challenge). Future investiga-
tions will seek to confirm and
interconnect the pathophysiologi-
cal mechanisms of sympathoadre-
nal hyperactivity, exaggerated plate-
let reactivity, and alterations in the
platelet serotonin system in de-
pressed patients to their propensity
for the development of CVD.

TREATMENT

Although some stress management
or behavioral counseling programs
with CVD patients have been asso-
ciated with reduced risk of recur-
rent cardiovascular events'’® and in-
creased rates of long-term (5-year)
survival,'”*'” more recent studies re-
port no benefit to patients'"*!"> or an
even worse outcome for women in
comparison with usual care.'”
Because of fewer potential ad-
verse effects on the cardiovascular
system and the lack of lethality in

overdose, somatic treatment with se-
lective serotonin reuptake inhibi-
tors (SSRIs) or other atypical antide-
pressants (such as buproprion or
nefazodone) may offer significant ad-
vantages in depressed patients with
CVD. The cardiac toxic effects of the
TCAs and related antidepressants
limit their clinical use in patients with
CVD. The reader is directed toward
excellent reviews on the safety and
efficacy of TCAs in patients with
CVD.""!™ Monoamine oxidase in-
hibitors and trazodone are generally
free of effects on cardiac conduc-
tion, but, like the TCAs, may cause
postural hypotension.!”® Because the
SSRIs are newer than TCAs, little sys-
tematic research on their efficacy in
elderly or CAD patients has been per-
formed, including large-scale, ran-
domized, treatment trials of post-MI
patients with comorbid major de-
pression.'8%181 A recent random-
ized, double-blind multicenter study
compared the efficacy of nortripty-
line and paroxetine in depressed pa-
tients with ischemic heart dis-
ease.'® Both antidepressants were
effective in the treatment of depres-
sion but, not surprisingly, there were
more dropouts because of adverse ef-
fects and more cardiac-related ef-
fects with the TCA. The ongoing
SADHART study, a randomized, mul-
ticenter, double-blind trial of sertra-
line vs placebo in the treatment of
post-MI patients with comorbid ma-
jor depression, seeks to determine the
efficacy of this antidepressant in the
depressed post-MI patient. Al-
though these agents may be as effec-
tive as TCAs in depressed patients
with CVD, their safety is not well es-
tablished in this patient population.

Psychotherapeutic and/or psy-
chopharmacologic treatment of the
15% to 23% of post-MI patients who
fulfill the criteria for major depres-
sion, as well as those with signifi-
cant dysphoria but subsyndromal de-
pression, may have a significant effect
(positive or negative) on both medi-
cal morbidity and mortality.
Although the belief that the out-
comes of CVD patients may be im-
proved if their comorbid depressive
symptoms are treated is tantalizing,
the patient’s perspective and prefer-
ences must be respected. Feelings of
sadness are an expected response to
painful life experiences, including be-
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ing informed that one has a diagno-
sis of heart disease or has experi-
enced an ML These feelings may be
coupled with reactions of shock, dis-
belief, anxiety, and other responses.
Many patients would not agree that
their persisting “sadness” or “loss of
interest” constitutes a depressive syn-
drome. However, when these symp-
toms are of such a magnitude and du-
ration that they fulfill DSM-1V criteria
for major depression, a clinician’s
threshold for psychotherapeutic or
psychopharmacologic intervention is
reached, given the increased morbid-
ity and mortality of depressed CVD
patients. Because of advances in medi-
cal management of CVD patients,
therapeutic trials determining im-
provement in survival must be quite
large'™; for example, the 22-month
CAST trial was composed of 1489
subjects.’* Such experience cau-
tions against the raising of hopes to-
ward demonstrating improving
cardiac outcome via antidepressant
treatment of depression in patients
with CVD. Yet, awaiting the comple-
tion of a large-scale mortality trial
similar to the CAST may not be ap-
propriate given the interpersonal, so-
cial, and medical burden of depres-
sion and early indications of SSRI
efficacy in depressed CVD patients.
After short-term treatment with par-
oxetine or fluvoxamine, depressed pa-
tients exhibited no changes in HRV.'*°
The only currently known cardiac ef-
fect of SSRIs is severe sinus node slow-
ing, to date reported in only a few
cases.'®!% There have been some re-
ports of alterations of hemostasis'®™
187 and platelet aggregation'® follow-
ing treatment with fluoxetine. Because
serotonin has been implicated both in
platelet aggregation and coronary ar-
tery vasoconstriction, it is of para-
mount importance to determine
whether the SSRIs, widely used to
treat major depression, produce ef-
fects on platelet function. Because of
inhibition of cytochrome P450 iso-
enzymes, SSRIs must be used with
caution, particularly in those pa-
tients receiving medications metabo-
lized by the P450 2D6 isoenzyme
(such as lipophilic B-blockers and
type 1C antiarrhythmics [encainide,
flecainide, mexiletene, and propafe-
none]) and the P450 3A4 isoenzyme
(such as calcium channel blockers
and warfarin).'®’

©1998 American Medical Association. All rights reserved.



FUTURE DIRECTIONS
FOR RESEARCH

The principal unanswered ques-
tions in this field remain primarily
prognostic, etiologic, and treatment-
related: By what mechanisms does
dysphoria and other depressive symp-
toms affect the cardiovascular and
thrombotic systems—and will treat-
ment of depression prevent or re-
duce CVD? Investigative strategies
would include additional prospec-
tive studies of post-MI patients with
comorbid depression. Because socio-
demographic and medical variables
do not reliably identify post-MI pa-
tients who are depressed while hos-
pitalized nor predict those who will
become depressed soon after hospi-
tal discharge,** identification of cer-
tain so-called biologic markers asso-
ciated with depression (such as
hypothalamic-pituitary-adrenocorti-
cal axis or sympathoadrenal system
hyperactivity) might accurately iden-
tify those CVD patients with prodro-
mal or subsyndromal depressive
symptoms vulnerable to complica-
tions or even early death after MI.
Certainly such investigations will
determine whether such biologic al-
terations in depressed patients with
CVD normalize after effective psy-
chiatric treatment, and whether
such change is associated with di-
minished morbidity and mortality
of post-MI patients.

Other prospective studies might
scrutinize biologic markers in de-
pressed patients (without CVD);
longitudinal follow-up of these pa-
tients (and fluctuations of such
markers) over time could deter-
mine their utility as markers for the
development of CVD. These bio-
logic markers include platelet reac-
tivity and markers of systemic in-
flammation,'**° as well as certain
components of HRV, myocardial is-
chemia, or ventricular instability,
particularly in those persons who re-
spond to mental stress with depres-
sive symptoms.'®

Future studies should focus on
women to assess gender-specific psy-
chosocial and physiologic mea-
sures.'?1%* Despite the fact that
women are more vulnerable to de-
pression and that CVD is the lead-
ing cause of death among adult
women in the United States, rela-

tively little research has focused on
the etiology and pathogenic mecha-
nisms of major depression among
women with CVD."*!* Which treat-
ment modalities (psychotherapeu-
tic vs psychopharmacologic or a
combination) will be most effec-
tive in patients with recurrent or
more severe depression remains to
be determined. Commonly used SS-
RIs might be more effective and
more easily tolerated than TCAs in
patients with CVD, particularly in el-
derly patients. Treatment studies
may also assess the relationship be-
tween depression and subsequent
compliance with medication and risk
factor modification for CVD.*?
Ilumination of the interplay be-
tween central nervous system, plate-
let, and cardiovascular processes,
particularly in those patients with
CVD and major depression, will un-
doubtedly lead to the development
of new treatment modalities that will
not only improve these patients’
quality of life but potentially de-
crease their morbidity and improve
long-term survival rates.

Accepted for publication February 20,
1998.

This research was supported by
grants MH-01399, MH-42088, MH-
49523, and RR-00039 from the Na-
tional Institutes of Health, Bethesda,
Md, and an Established Investigator
Award from the National Alliance for
Research on Schizophrenia and De-
pression, Chicago, Il (Dr Nemeroff).

We are grateful for the assistance
of James Browning, Laurence A. Harker,
MD, Anne Griswell, Barbara]. Lewison,
Bettina T. Knight, BSN, Drema Salva-
tore, David P. Schroeder, MD, and Paul
Robinson, MD. We apologize to those col-
leagues whose work could not be cited
due to space restraints.

Reprints: Charles B. Nemeroff,
MD, PhD, Department of Psychiatry
and Behavioral Sciences, Emory Uni-
versity School of Medicine, 1639 Pierce
Dr, Suite 4000, Atlanta, GA 30322.

- [Emmes ]

1. Kessler RC, McGonagle KA, Zhao S, Nelson CB,
Hughes M, Eshleman S, Wittchen HU, Kendler
KS. Lifetime and 12-month prevalence of DSM-
11I-R psychiatric disorders in the United States:
results from the National Comorbidity Survey.
Arch Gen Psychiatry. 1994;51:8-19.

2. Hoeper EW, Nycz GR, Cleary PD. Estimated

— e——

ARCH GEN PSYCHIATRY/VOL 55, JULY 1998

588

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

©1998 American Medical Association. All rights reserved.

prevalence of RDC mental disorders in primary
care. Int J Ment Health. 1979;8:6-15.

. Leeper J, Badger L, Milo T. Mental disorders

among physical disability determination pa-
tients. Am J Public Health. 1985;75:78-79.

. Blacker CVR, Clare AW. Depressive disorder in pri-

mary care. BrJ Psychiatry. 1987;150:737-751.

. Barrett JE, Barrett JA, Oxman TE, Gerber PD. The

prevalence of psychiatric disorders in a pri-
mary care practice. Arch Gen Psychiatry. 1988;
45:1100-1106.

. Von Korff M, Shapiro S, Burke JD, Teitlebaum

M, Skinner EA, German P, Turner RW, Klein L,
Burns B. Anxiety and depression ina primary care
clinic: comparison of Diagnostic Interview Sched-
ule, General Health Questionnaire, and practi-
tioner assessments. Arch Gen Psychiatry. 1987,
44:152-156.

. Cohen-Cole SA, Kaufman KG. Major depression

in physical illness: diagnosis, prevalence, and an-
tidepressant treatment (a ten-year review: 1982-
1992). Depression. 1993;1:181-204.

. Magni G, Schifano F, DeLeo D. Assessment of

depression in an elderly medical population.
J Affect Disord. 1986;11:121-124.

. Feldman E, Mayou R, Hawton K, Ardern M, Smith

EB. Psychiatric disorder in medical inpatients.
QJM. 1987,63:405-412.

Boyd JH, Weissman MM. Epidemiology of af-
fective disorders. Arch Gen Psychiatry. 1981;
38:1039-1046.

Blazer D, Swartz M, Woodbury M, Manton KG,
Hughes D, George LK. Depressive symptoms and
depressive diagnoses in a community popula-
tion: use of a new procedure for analysis of psy-
chiatric classification. Arch Gen Psychiatry. 1988;
45:1078-1084.

Bebbington P, Katz R, McGuffin P, Tennant G,
Hurry J. The risk of minor depression before age
65: results from a community survey. Psychol
Med. 1989;19:393-400.

Broadhead WE, Blazer DG, George LK, Tse CK.
Depression, disability days, and days lost from
work in a prospective epidemiologic survey.
JAMA. 1990;264:2524-2528.

Johnson J, Weissman MM, Klerman GL. Ser-
vice utilization and social morbidity associated
with depressive symptoms in the community.
JAMA. 1992;267:1478-1483.

Shepherd M, Cooper B, Brown AC, Kalton GW.
Psychiatric lliness in General Practice. London,
England: Oxford University Press; 1966.
Kessler LG, Cleary PD, Burke JD Jr. Psychiatric dis-
orders in primary care: results of a follow-up study.
Arch Gen Psychiatry. 1985;42:583-587.

Ormel J, Koeter MWJ, van den Brink W, van de
Willige G. Recognition, management, and course
of anxiety and depression in general practice.
Arch Gen Psychiatry. 1991;48:700-706.
Kurosawa H, Shimizu Y, Nishimatsu Y, Hirose
S, Takano T. The relationship between mental dis-
orders and physical severities in patients with
acute myocardial infarction. Jpn Circ J. 1983;
47:723-725.

Wynn A. Unwarranted emotional distress in men
with ischaemic heart disease. Med J Aust. 1967;
2:847-851.

Mayou R, Foster A, Williamson B. Medical care
after myocardial infarction. J Psychosom Res.
1979;23:23-26.

Carney RM, Rich MW, teVelde A, Saini J, Clark
K, Jaffe AS. Major depressive disorder in coro-
nary artery disease. Am J Cardiol. 1987;60:
1273-1275.

Schleifer SJ, Macari-Hinson MM, Coyle DA,



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Slater WR, Kahn M, Gorlin R, Zucker HD. The
nature and course of depression following
myocardial infarction. Arch Intern Med. 1989;
149:1785-1789.

Frasure-Smith N, Lesperance F, Talajic M. De-
pression following myocardial infarction: im-
pact on 6-month survival. JAMA. 1993;270:
1819-1861.

Blumenthal JA, Williams RS, Wallace AG, Willi-
ams RB, Needles TL. Physiological and psycho-
logical variables predict compliance to pre-
scribed exercise therapy in patients recovering
from myocardial infarction. Psychosom Med.
1982;44:519-527.

Stern JJ, Pascale L, Ackerman A. Life adjust-
ment post myocardial infarction: determine pre-
dictive variables. Arch Intern Med. 1977;137:
1680-1685.

Mayou R, Foster A, Williamson B. Psychosocial
adjustment in patients one year after myocar-
dial infarction. J Psychosom Res. 1978;22:447-
453.

Skodol AE, Schwartz S, Dohrenwend BP, Levav I,
Shrout PE. Minor depression in a cohort of young
adults in Israel. Arch Gen Psychiatry. 1994;51:
542-551.

Wells KB, Stewart A, Hayes RD, Burnam MA,
Rogers W, Daniels M, Berry S, Greenfield S, Ware
J. The functioning and well-being of depressed
patients: results of the Medical Outcomes Study.
JAMA. 1989;262:914-919.

Carney RM, Rich MW, Freedland KE, Saini J. Ma-
jor depressive disorder predicts cardiac events
in patients with coronary artery disease. Psy-
chosom Med. 1988;50:627-633.

Aromaa A, Raitasalo R, Reunanen A, Impivaara
0, Heliovaara M, Kneckt P, Lehtinen V, Jouka-
maa M, Maatela J. Depression and cardiovas-
cular diseases. Acta Psychiatr Scand. 1994;377:
77-82.

Ahern DK, Gorkin L, Anderson JL, Tierney C, Hall-
strom A, Ewart C, Capone RJ, Schron E, Korn-
feld D, Herd JA, Richardson DW, Follick MJ, for
the CAPS Investigators. Biobehavioral vari-
ables and mortality or cardiac arrest in the Car-
diac Arrhythmia Pilot Study (CAPS). Am J Car-
diol. 1990;66:59-62.

Frasure-Smith N, Lesperance F, Talajic M. De-
pression and 18-month prognosis after myo-
cardial infarction. Circulation. 1995;91:999-
1005.

Hackett TP, Cassem, NH, Wishnie HA. The coro-
nary-care unit: an appraisal of its psychologic haz-
ards. N Engl J Med. 1968;279:1365-1370.

Cay EL, Vetter N, Philip AE, Dugard P. Psycho-
logical status during recovery from an acute heart
attack. J Psychosom Res. 1972;16:425-435.
Robins LN, Helzer JE, Croughan JL, Williams
JBW, Spitzer RL. The NIMH Diagnostic Inter-
view Schedule, Version Ill. Public Health Ser-
vice (HSS), ADM-T-42-3 (5-81, 8-81). Wash-
ington DC; 1981.

Endicott J, Spitzer RL. A diagnostic interview: the
Schedule for Affective Disorders and Schizo-
phrenia. Arch Gen Psychiatry. 1978;35:837-
844.

Gonzalez MB, Snyderman TB, Colket JT, Arias
RM, Jiang JW, 0’Connor CM, Krishnan KR. De-
pression in patients with coronary artery dis-
ease. Depression. 1996;4:57-62.

Hayward C. Psychiatric illness and cardiovas-
cular disease risk. Epidemiol Rev. 1995;17:
129-138.

Ostfeld AM, Lebovits BZ, Shekelle RB, Paul O.
A prospective study of the relationship between

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

personality and coronary heart disease. J Chronic
Dis. 1964;17:265-276.

Hathaway SR, McKinley JC. Minnesota Multi-
phasic Personality Inventory Manual (Revised
Edition). New York, NY: The Psychological Cor-
poration; 1951.

Cattell, RB, Saunders DR, Stice G. Handbook for
the Sixteen Personality Factor Questionnaire.
Champaign, IlI: Institute for Personality and Abil-
ity Testing; 1957.

Brozek J, Keyes A, Blackburn H. Personality dif-
ferences between potential coronary and non-
coronary subjects. Ann NY Acad Sci. 1966;134:
1057-1064.

Dahlstrom WG, Welsh GS. A MMPI Handbook:
A Guide to Use in Clinical Practice and Re-
search. Minneapolis, Minn: University of Min-
nesota Press; 1960.

Goldberg EL, Comstock GW, Hornstra RK. De-
pressed mood and subsequent physical illness.
Am J Psychiatry. 1979;136:530-534.

Radloff LS. The CES-D scale: a self-report de-
pression scale for research in the general popu-
lation. J Applied Psychol Meas. 1977;1:385-
401.

Murphy JM, Monson RR, Olivier DG, Sobol AM,
Leighton AH. Affective disorders and mortality.
Arch Gen Psychiatry. 1987;44:473-480.
Murphy JM, Neff RK, Sobol AM, Rice JX, Olivier
DC. Computer diagnosis of depression and anxi-
ety: the Stirling County Study. Psychol Med.
1985;15:99-112.

Anda R, Williamson D, Jones D, Macera C,
Eaker E, Glassman A, Marks J. Depressed af-
fect, hopelessness, and the risk of ischemic heart
disease in a cohort of U.S. adults. Epidemiol-
ogy. 1993;4:285-294.

Dupuy HJ. A concurrent validational study of the
NCHS General Well-Being Schedule. Vital Health
Stat. 1977; No. 73.

Wing JK, Cooper JE, Sartorius N. The measure-
ment and classification of psychiatric symp-
toms. London, England: Cambridge University
Press; 1974.

Ford DE, Mead LA, Chang PP, Levine DM, Klag
MJ. Depression predicts cardiovascular dis-
ease in men: the Precursors Study [abstract]. Cir-
culation. 1994;90(Suppl 1):614.

Vogt T, Pope C, Mullooly J, Hollis J. Mental heath
status as a predictor of morbidity and mortal-
ity: a 15-year follow-up of members of a health
maintenance organization. Am J Public Health.
1994;84:227-231.

McFarland BH, Freeborn DK, Mullooly JP,
Pope CR. Utilization patterns among long-term
enrollees in a prepaid group practice health
maintenance organization. Med Care. 1985;23:
1221-1233.

Simonsick EM, Wallace RB, Blazer DG, Berk-
man LF. Depressive symptomatology and
hypertension-associated morbidity and mortal-
ity in older adults. Psychosom Med. 1995;57:
427-435.

Everson SA, Goldberg DE, Kaplan GA, Cohen RD,
Pukkala E, Tuomilehto J, Salonen JT. Hopeless-
ness and risk of mortality and incidence of myo-
cardial infarction and cancer. Psychosom Med.
1996;58:113-121.

Barefoot JC, Schroll M. Symptoms of depres-
sion, acute myocardial infarction, and total mor-
tality in a community sample. Circulation. 1996;
93:1976-1980.

Greene RL. The MMPI-2/MMPI: An Interpretive
Manual. Boston, Mass: Allyn and Bacon; 1991.
Pratt LA, Ford DE, Crum RM, Armenian HK, Gallo

— e——

ARCH GEN PSYCHIATRY/VOL 55, JULY 1998

589

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

7.

72.

73.

©1998 American Medical Association. All rights reserved.

JJ, Eaton WW. Depression, psychotropic medi-
cation, and risk of myocardial infarction: pro-
spective data from the Baltimore ECA follow-
up. Circulation. 1996;94:3123-3129.
Wassertheil-Smoller S, Applegate WB, Berge K,
Chang CJ, Davis BR, Grimm R, Kostis J, Pres-
sel S, Schron E, for the SHEP Cooperative Re-
search Group. Change in depression as a pre-
cursor of cardiovascular events. Arch Intern Med.
1996;156:553-561.

Berkman LF, Berkman CS, Kasl S, Freeman DH
Jr, Ostfeld AM, Cornoni-Huntley J, Brody JA. De-
pressive symptoms in relation to physical health
and functioning in the elderly. Am J Epidemiol.
1986;124:372-388.

Musselman DL, Knight BT, Baron A, Nemeroff
CB. Further studies on altered platelet reactivity
in major depression. Presented at Society of Bio-
logical Psychiatry Annual Meeting, May 27-31,
1998, Toronto, Canada.

Vingerhoets A. Psychosocial Stress: An Experi-
mental Approach. Groningen, the Netherlands:
Swets & Zeitlinger; 1985.

Selye H. The Stress of Life. New York, NY:
McGraw-Hill; 1956.

Nemeroff CB, Widerlov E, Bissette G, Walleus H,
Karlsson |, Eklund K, Kilts CD, Loosen PT, Vale W.
Elevated concentrations of CSF corticotropin-
releasing factor-like immunoreactivity in de-
pressed patients. Science. 1984;226:1342-
1344.

Arato M, Banki CM, Nemeroff CB, Bissette G,
Hypothalamic-pituitary-adrenal axis and sui-
cide. Ann N'Y Acad Sci. 1986;487:263-270.
Banki CM, Bissette G, Arato M, O’Connor L,
Nemeroff CB. Cerebrospinal fluid corticotro-
pin-releasing factor-like immunoreactivity in
depression and schizophrenia. Am J Psychia-
try. 1987;144:873-877.

Banki CM, Karmasci L, Bissette G, Nemeroff CB.
CSF corticotropin-releasing and somatostatin in
major depression: response to antidepressant
treatment and relapse. Eur Neuropsychophar-
macol. 1992;2:107-113.

France RD, Urban B, Krishnan KRR, Bissett G,
Banki CM, Nemeroff C, Speilman FJ. CSF corti-
cotropin-releasing factor-like immunoreactivity
in chronic pain patients with and without major
depression. Biol Psychiatry. 1988;23:86-88.
Risch SC, Lewine RJ, Kalin NH, Jewart RD, Risby
ED, Caudle JM, Stipetic M, Turner J, Eccard MB,
Pollard WE. Limbic-hypothalamic-pituitary-ad-
renal axis activity and ventricular-to-brain ratio
studies in affective illness and schizophrenia.
Neuropsychopharmacology. 1992;6:95-100.
Raadsheer FC, Hoogendijk WJG, Stam FC, Til-
ders FJH, Swaab DF. Increased numbers of cor-
ticotropin-releasing hormone expressing neu-
rons in the hypothalamic paraventricular nucleus
of depressed patients. Neuroendocrinology.
1994;60:436-444.

Raadsheer FC, van Heerikhuize JJ, Lucassen PJ,
Hoogendijk WJG, Tilders FJH, Swaab DF. Cor-
ticotropin-releasing hormone mRNA levels in the
paraventricular nucleus of patients with Alzhei-
mer’s disease and depression. Am J Psychia-
try. 1995;152:1372-1376.

Bjorkerud S. Effect of adrenocortical hormones
on the integrity of rat aortic endothelium. In:
Schettler G, and Weizel A, eds. Proceedings of
the 3rd International Symposium on Athero-
sclerosis. Berlin, Germany: Springer-Verlag;
1973:245.

Nahas GG, Brunson JG, King WM, Cavert HM.
Functional and morphologic changes in heart



74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

lung preparations following administration of
adrenal hormones. Am J Clin Pathol. 1958;34:
717-729.

Valigorsky JM. Metaplastic transformation of aor-
tic smooth muscle cells in cortisone-induced dis-
secting aneurysms in hamsters. Fed Proc. 1969;
28:802.

Kemper JW, Baggenstoss AH, Slocumb CH. The
relationship of therapy with cortisone to the in-
cidence of vascular lesions in rheumatoid ar-
thritis. Ann Intern Med. 1957;46:831-851.
Ross R, Harker L. Hyperlipidemia and athero-
sclerosis. Science. 1976;193:1094-1100.
Troxler RG, Sprague EA, Albanese RA, Fuchs R,
Thompson AJ. The association of elevated plasma
cortisol and early atherosclerosis as demon-
strated by coronary angiography. Atherosclero-
sis. 1977;26:151-162.

Swanson LW, Sawchenko PE. Organization of
ovine corticotropin-releasing factor immunore-
active cells and fibers in the rat brain: an immu-
nohistochemical study. Neuroendocrinology.
1983;36:165-186.

Merchenthaler I, Vigh S, Petruscz P, Schally AV.
Immunocytochemical localization of corticotro-
pin-releasing factor (CRF) in the rat brain. Am J
Anatomy. 1982;165:385-396.

Cummings S, Elde R, Ellis J, Lindall A. Cortico-
tropin-releasing factor immunoreactivity is widely
distributed with the central nervous system of
the rat: an immunohistochemical study. J Neu-
rosci. 1983;8:1355-1368.

Wyatt RJ, Portnoy B, Kupfer DJ, Snyder F,
Engelman K. Resting plasma catecholamine
concentrations in patients with depression and
anxiety. Arch Gen Psychiatry. 1971;24:65-70.
Louis WJ, Doyle AE, Anavekar SN. Plasma nor-
adrenaline concentration and blood pressure in
essential hypertension, phaeochromocytoma and
depression. Clin Soc. 1975;48:239S5-242S.
Roy A, Pickar D, DeJong J, Karoum F, Linnoila
M. Norepinephrine and its metabolites in cere-
brospinal fluid, plasma, and urine: relationship
to hypothalamic-pituitary-adrenal axis function
in depression. Arch Gen Psychiatry. 1988;45:
849-857.

Veith RC, Lewis L, Linares OA, Barnes RF, Raskin
MA, Villacres EC, Murburg MM, Ashleigh EA,
Castillo S, Peskind ER, Pascualy M, Halter JB.
Sympathetic nervous system activity in major
depression: basal and desipramine-induced al-
terations in plasma norepinephrine kinetics.
Arch Gen Psychiatry. 1994;51:411-422.

Roy A, Guthrie S, Pickar D, Linnoila M. Plasma
NE responses to cold challenge in depressed pa-
tients and normal controls. Psychiatry Res. 1987;
21:161-168.

Charney DS, Menkes DB, Henninger GR. Recep-
tor sensitivity and the mechanism of action of
antidepressant treatment. Arch Gen Psychiatry.
1981;38:1160-1180.

Golden RN, Markey SP, Risby ED, Rudorfer MV,
Cowdry RW, Potter WZ. Antidepressants re-
duce whole-body norepinephrine turnover while
enhancing 6-hydroxymelatonin output. Arch Gen
Psychiatry. 1988;45:150-154.

Linnoila M, Karoum F, Calil HM, Kopin IJ, Potter
WZ. Alteration of NE metabolism with desipra-
mine and zimelidine in depressed patients. Arch
Gen Psychiatry. 1982;39:1025-1028.

Linnoila M, Guthrie S, Lane EA, Karoum F,
Rudorfer M, Potter WZ. Clinical studies on NE
metabolism: how to interpret the numbers.
Psychiatry Res. 1986;17:229-239.
Scubee-Moreau JJ, Dresse AE. Effect of vari-

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

ous antidepressant drugs on the spontaneous
firing rate of locus coeruleus and raphe dorsa-
lis neurons of the rat. Eur J Pharmacol. 1979;
57:219-225.

Sulser F, Vetulani J, Mobley PL. Mode of action
on antidepressant drugs. Biochem Pharmacol.
1978;27:257-261.

Anfossi G, Trovati M. Role of catecholamines in
platelet function: pathophysiological and clini-
cal significance. Eur J Clin Invest. 1996;26:353-
370.

Gerritsen ME. Physiological and pathophysi-
ological roles of eicosanoids in the microcircu-
lation. Cardiovasc Res. 1996;32:720-732.
Goldstein DS. Plasma catecholamines and es-
sential hypertension: an analytical review. Hy-
pertension. 1983;5:86-99.

Lund-Johansen P. Hemodynamic alterations in
early essential hypertension: recent advances.
In: Gross F, Strasser T, eds. Mild Hypertension:
Recent Advances. New York, NY: Raven Press;
1983:237-249.

Lechin F, van der Dijs B, Orozco B, Lechin ME,
Baez S, Lechin AE, Rada |, Acosta E, Arocha L,
Jimenez V, Leon G, Garcia Z. Plasma neuro-
transmitters, blood pressure, and heart rate dur-
ing supine-resting, orthostasis, and moderate ex-
ercise conditions in major depressed patients.
Biol Psychiatry. 1995;38:166-173.

Akselrod S, Gordon D, Ubel FA, Shannon DC,
Barger AC, Cohen RJ. Power spectrum analysis
of heart rate fluctuation: a quantitative probe of
beat-to-beat cardiovascular control. Science.
1981;213:220-222.

Low PA. Autonomic nervous system function.
J Clin Neurophysiol. 1993;10:14-27.

Spyer KM. Central nervous system control of the
cardiovascular system. In: Bannister, R, ed.
Autonomic Failure: A Textbook of Clinical Dis-
orders of the Autonomic Nervous System.
Oxford, England: Oxford University Press;
1988:56-79.

Shields RW. Functional anatomy of the auto-
nomic nervous system. J Clin Neurophysiol.
1993;10:2-13.

Dalack GW, Roose SP. Perspectives on the re-
lationship between cardiovascular disease and
affective disorder. J Clin Psychiatry. 1990;51
(suppl):4-9.

Wolf M, Varigos G, Hunt D, Sloman JG. Sinus
arrhythmia in acute myocardial infarction. Med
J Aust. 1978;2:52-53.

Billman GE, Schwartz PJ, Stone HL. Barorecep-
tor reflex control of heart rate: a predictor of sud-
den cardiac death. Circulation. 1982;66:874-
880.

Kleiger RE, Miller PJ, Bigger TJ, Moss AJ, and
the Multicenter Post-Infarction Research
Group. Decreased heart rate variability and its
association with increased mortality after acute
myocardial infarction. Am J Cardiol. 1987;59:
256-262.

Bigger JT, Kleiger RE, Fleiss JL, Rolnitzky LM,
Steinman RC, Miller JP. Components of HR
variability measured during healing of acute
myocardial infarction. Am J Cardiol. 1988;61:
208-215.

LaRovere MT, Specchia G, Mortana A, Schwartz
PJ. Baroreflex sensitivity, clinical correlates, and
cardiovascular mortality among patients with a
first myocardial infarction: a prospective study.
Circulation. 1988;78:816-824.

Cripps T, Malik M, Farrell T, Camm AJ. Prog-
nostic value of reduced heart rate variability
after myocardial infarction: clinical evaluation

— e——

ARCH GEN PSYCHIATRY/VOL 55, JULY 1998

590

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

©1998 American Medical Association. All rights reserved.

of a new analysis method. Br Heart J. 1991;65:
14-19.

Viskin S, Belhassen B. Noninvasive and inva-
sive strategies for the prevention of sudden death
after myocardial infarction: value, limitations
and implications for therapy. Drugs. 1992;44:
336-355.

Araya-Gomez V, Gonzalez-Hermosillo J, Casanova-
Garces J, Colin L, Kershenovich S, Iturralde P.
Identification of patients at risk of malignant ar-
rythmia in the 1st year after myocardial infarc-
tion [in Spanish]. Arch Inst Cardiol Mex. 1994;
64:145-159.

Campbell RWF. Can analysis of heart rate vari-
ability predict arrhythmias and antiarrhythmic ef-
fects? In: Oto AM, ed. Practice and Progress in
Cardiac Pacing and Electrophysiology. Dor-
drecht, the Netherlands: Kluwer Academic Pub-
lishers; 1996:63-69.

Sayers BM. Analysis of heart rate variability.
Ergonomics. 1973;16:17-32.

Pomeranz B, Macaulay RJB, Caudill MA, Kutz |,
Adam D, Gordon D, Kilborn KM, Barger AC,
Shannon DC, Cohen RJ, Benson H. Assess-
ment of autonomic function in humans by heart
rate spectral analysis. Am J Physiol. 1985;248:
H151-H153.

Pagani M, Lombardi F, Guzzetti S, Rimoldi O,
Furlan R, Pizzinelli P, Sandrone G, Malfatto G,
Dell’Orto S, Piccaluga E, Turiel M, Baselli G,
Cerutti S, Malliani A. Power spectral analysis
of heart rate and arterial pressure variabilities
as a marker of sympathovagal interaction in
man and conscious dog. Circ Res. 1986;59:
178-193.

Koizumi K, Terui N, Kollai M. Effect of cardiac
vagal and sympathetic nerve activity on heart rate
in rhythmic fluctuations. J Autonom Nerv Syst.
1985;12:251-259.

Katona PG, Jih F. Respiratory sinus arrhyth-
mia: noninvasive measure of the parasympa-
thetic cardiac control. J Appl Physiol. 1975;
39:801-805.

Fouad FM, Tarazzi RC, Gerrario CM, Fighaly S,
Alicandri C. Assessment of parasympathetic
control of heart rate by a noninvasive method.
Am J Physiol. 1984; 246:H838-842.

Bigger TJ Jr, Fleiss JL, Steinman RC, Rolnitzky
LM, Kleiger RE, Rottman JN. Frequency do-
main measures of heart period variability and
mortality after myocardial infarction. Circula-
tion. 1992;85:164-171.

Miyawaki E, Salzman C. Autonomic nervous sys-
tem tests in psychiatry: implications and poten-
tial uses of heart rate variability. /ntegrated Psy-
chiatry. 1991;7:21-28.

Rechlin T, Weis M, Claus D. Heart rate variabil-
ity in depressed patients and differential effects
of paroxetine and amitriptyline on cardiovascu-
lar autonomic functions. Pharmacopsychiatry.
1994;27:124-128.

Yeragani VK, Pohl R, Ramesh C, Glitz D, Wein-
berg P, Merlos B. Effect of imipramine treat-
ment on heart rate variability measures. Neuro-
psychobiology. 1992;26:27-32.

Carney RM, Saunders RD, Freedland KE, Stein
P, Rich MW, Jaffe AS. Association of depres-
sion with reduced heart rate variability in coro-
nary artery disease. Am J Cardiol. 1995;76:
562-564.

Roose SP, Glassman AH, Dalack GW. Depres-
sion, heart disease, and tricyclic antidepressants.
J Clin Psychiatry. 1989;50(suppl 7):12-16.
Balogh S, Fitzpatrick DF, Hendricks SE, Paige SR.
Increases in heart rate variability with success-



124.

125.

126.

127.

128.

129.

130.

131

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

ful treatment in patients with major depressive
disorder. Psychopharmacol Bull. 1993;29:
201-206.

Verrier RL. Behavioral stress, myocardial ische-
mia, and arrhthmias. In: Zipes DP, Jalife J, eds.
Cardiac Electrophysiology From Cell to Bed-
side. Philadelphia, Pa: WB Saunders Co; 1990:
343-352.

Jiang W, Babyak M, Krantz DS, Waugh RA,
Coleman RE, Hanson MM, Frid DJ, McNulty S,
Morris JJ, 0’Connor CM, Blumenthal JA. Men-
tal stress-induced myocardial ischemia and
cardiac events. JAMA. 1996;21:1651-1656.
Lown B, DeSilva RA, Reich P, Murawski BJ. Psy-
chophysiologic factors in sudden cardiac death.
Am J Psychiatry. 1980;137:1325-1335.

Lown B, Verrier RL. Neural activity and ventricu-
lar fibrillation. N Engl J Med. 1976;294:1165-
1170.

Zaza A, Schwartz PJ. Role of the autonomic ner-
vous system in the genesis of early ischemic ar-
rhythmias. J Cardiovasc Pharmacol. 1985;7
(suppl 5):58-S12.

Stedman’s Medical Dictionary. Baltimore, Md:
Williams & Wilkins; 1982.

Heit S, Owens MJ, Plotsky P, Nemeroff CB. Cor-
ticotropin-releasing factor, stress, and depres-
sion. Neuroscientist. 1997;3:186-194.

Tavazzi L, Zotti AM, Rondanelli R. The role of psy-
chologic stress in the genesis of lethal arrhyth-
mias in patients with coronary artery disease. Eur
Heart J. 1986;7(suppl):99-106.

Follick MJ, Gorkin L, Capone RJ, Smith TW,
Ahern DK, Stablein D, Niaura R, Visco J. Psy-
chological distress as a predictor of ventricular
arrhthmias in a post-myocardial infarction popu-
lation. Am Heart J. 1988;116:32-36.

Gold PW, Gooodwin FK, Chrousos GP. Clinical
and biochemical manifestations of depression:
relation to the neurobiology of stress. N Engl J
Med. 1988;319:413-420.

Valentino RJ, Foote SL, Page ME. The locus co-
eruleus as a site for integrating corticotropin-
releasing factor and noradrenergic mediation of
stress responses. Ann N'Y Acad Sci. 1993;697:
173-188.

Curtis AL, Pavcovich LA, Grigoriadis DE, Val-
entino RJ. Previous stress alters corticotropin-
releasing factor neurotransmission in the locus
coeruleus. Neuroscience. 1995;65:541-550.
Chrousos GP, Gold PW. The concepts of stress
and stress system disorders: overview of physi-
cal and behavioral homeostasis. JAMA. 1992;
267:1244-1252.

Paykel E. Causal relationships between clinical
depression and life events. In: Barrett JE, ed.
Stress and Mental Disorder. New York, NY: Raven
Press; 1979.

Kendler KS, Kessler RC, Neale MC, Heath AC,
Eaves LJ. The prediction of major depression in
women: toward an integrated etiologic model.
Am J Psychiatry. 1993;150:1139-1148.

Echt DS, Liebson PR, Mitchell LB, Peters RW,
Obias-Manno D, Barker AH, Arensberg, D, Baker
A, Friedman L, Greene HL, Huther ML, Richard-
son DW, and the CAST Investigators. Mortality
and morbidity in patients receiving ecainide,
flecenaide or placebo: the Cardiac Arrhythmia
Suppression Trial. N Engl J Med. 1991;324:781-
788.

Markovitz JH, Matthews KA. Platelets and coro-
nary heart disease: potential psychophysi-
ologic mechanism. Psychosom Med. 1991;53:
643-668.

Morris PLP, Robinson RG, Andrzejewski P,

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

Samuels J, Price TR. Association of depression
with 10-year poststroke mortality. Am J Psy-
chiatry. 1993;150:124-129.

Lefkovits J, Plow EF, Topol EJ. Platelet glyco-
protein l1b/Il1a receptors in cardiovascular medi-
cine. N Engl J Med. 1995;332:1553-1559.
Hess H, Mietaschk A, Deichsel G. Drug-induced
inhibition of platelet function delays progres-
sion of peripheral occlusive arterial disease: a pro-
spective double-blind arteriographically con-
trolled trial. Lancet. 1985;1:415-419.
Antiplatelet Trialists’ Collaboration. Secondary
prevention of vascular disease by prolonged an-
tiplatelet treatment. BMJ. 1988;296:320-331.
Verstraete M. Risk factors, interventions and
therapeutic agents in the prevention of arthero-
sclerosis-related ischaemic diseases. Drugs.
1991;42(suppl 5):22-38.

Ridker PM, Manson JE, Burning JE, Goldhaber
SZ, Hennekens CH. The effect of chronic plate-
let inhibition with low-dose aspirin on athero-
sclerotic progression and acute thrombosis: clini-
cal evidence from the Physicians’ Health Study.
Am Heart J. 1991;122:1588-1592.

Musselman DL, Tomer A, Manatunga AK, Knight
BT, Porter MR, Kasey S, Marzec U, Harker LA,
Nemeroff CB. Exaggerated platelet reactivity in
major depression. Am J Psychiatry. 1996;153:
1313-1317.

Laghrissi-Thode F, Wagner WR, Pollock BG,
Johnson PG, Finkel MS. Elevated platelet factor
4 and B-thromboglobulin plasma levels in de-
pressed patients with ischemic heart disease. Bio/
Psychiatry. 1997;42:290-295.

Weyrich AS, Solis GA, Li KS, Tulenko TN, San-
tamore WP. Platelet amplification of vaso-
spasm. Am J Physiol. 1992;263(suppl):H349-
H358.

DeClerck F. Effects of serotonin on platelets and
blood vessels. J Cardiovasc Pharmacol. 1991;
17(suppl 5):51-85.

Owens MJ, Nemeroff CB. Role of serotonin in
the pathophysiology of depression: focus on the
serotonin transporter. Clin Chem. 1994;40:288-
295.

Osim EE, Wyllie JH. Evidence for loss of 5-
hydroxytryptamine from circulating platelets.
J Physiol (Lond). 1982;326:25P-26P.

Ashton JH, Benedict CR, Fitzgerald C, Raheja S,
Taylor AL, Campbell WB, Buja LM, Willerson JT.
Serotonin as a mediator of cyclic flow varia-
tions in stenosed canine coronary arteries. Cir-
culation. 1986;73:572-578.

Ashton JH, Ogletree ML, Michel IM, Golino P,
McNatt JM, Taylor AL, Raheja S, Schmitz J, Buja
LM, Campell WB, Willerson JT. Cooperative me-
diation by serotonin S2 and thromboxane A2/
prostaglandin H2 receptor activation of cyclic flow
variation in dogs with severe coronary artery ste-
nosis. Circulation. 1987,76:952-959.

Biegon A, Weizman A, Karp L, Ram A, lano S,
Wolff M. Serotonin 5-HT2 receptor binding on
blood platelets: a peripheral marker for depres-
sion? Life Sci. 1987;41:2485-2492.

Biegon A, Grinspoon A, Blumenfelt B, Bleich
A, Apter A, Mester R. Increased serotonin
5-HT2 receptor binding on blood platelets in
suicidal men. Psychopharmacology. 1990;
100:165-167.

Biegon A, Essar N, Israeli M, Elizur A, Bruch S,
Bar-Nathan AA. Serotonin 5-HT2 receptor bind-
ing on blood platelets as a state dependent marker
in major affective disorder. Psychopharmacol-
ogy. 1990;100:73-75.

Arora RC, Meltzer HY. Increased serotonin (5-

— e——

ARCH GEN PSYCHIATRY/VOL 55, JULY 1998

591

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

©1998 American Medical Association. All rights reserved.

HT2) receptor binding as measured by 3H-LSD
in the blood platelets of depressed patients. Life
Sci. 1989;44:725-734.

Pandey GN, Pandey SC, Janicak PG. Platelet se-
rotonin-2 binding sites in depression and sui-
cide. Biol Psychiatry. 1990;28:215-222.

Briley MS, Langer SZ, Raisman R, Sechter D,
Zarifian E. Tritiated imipramine binding sites are
decreased in platelets of untreated depressed pa-
tients. Science. 1980;209:303-315.

Langer SZ, Arifian E, Briley MS, Raisman R,
Sechter D. High-affinity binding of 3H-imipra-
mine in brain and platelets and its relevance to
the biochemistry of affective disorders. Life
Sci. 1981;29:211-218.

Paul SM, Rehavi M, Skolnick P, Ballenger JC,
Goodwin FK. Depressed patients have de-
creased binding of titrated imipramine to plate-
let serotonin “transporter.” Arch Gen Psychia-
try. 1981;38:1315-1317.

Nemeroff CB, Knight DL, Krishnan KRR, Slotkin
TA, Bissette G, Melville ML, Blazer DG. Marked
reduction in the number of platelet [*H]imipra-
mine binding sites in geriatric depression. Arch
Gen Psychiatry. 1988;45:919-923.

Nemeroff CB, Knight DL, Franks J, Craighead WE,
Krishnan KRR. Further studies on platelet trans-
porter binding in depression. Am J Psychiatry.
1994;151:1623-1625.

Cerrito F, Lazzaro MP, Gaudio E, Arminio P,
Aloisi G. 5SHT2-receptors and serotonin release:
their role in human platelet aggregation. Life
Sci. 1993;53:209-215.

Kusumi I, Koyama T, Yamashita |. Serotonin-
stimulated Ca2 + response is increased in the
blood platelets of depressed patients. Biol Psy-
chiatry. 1991;30:310-312.

Mikuni M, Kusumi |, Kagaya A, Kuroda Y, Mori H,
Takahashi K. Increased 5-HT, receptor function
as measured by serotonin-stimulated phospho-
inositide hydrolosis in platelets of depressed pa-
tients. Prog Neuropsychopharmacol Biol Psy-
chiatry. 1991;15:49-61.

Eckert A, Gann H, Riemann D, Aldenhoff J,
Muller WE. Elevated intracellular calcium levels
after 5-HT2 receptor stimulation in platelets of
depressed patients. Biol Psychiatry. 1993;34:
565-568.

Ware JA, Smith M, Salzman EW. Synergism of
platelet aggregating agents: role of elevation of
cytoplasmic calcium. J Clin Invest. 1987;80:
267-271.

Friedman M, Thoresen CE, Gill JJ, Ulmer D,
Powell LH, Price VA, Brown B, Thompson L,
Rabin DD, Breall WS, Bourg E, Levy R, Dixon T.
Alteration of type A behavior and its effect on
cardiac recurrences in post myocardial infarc-
tion patients: summary results of the Recurrent
Coronary Prevention Project. Am Heart J.
1986;112:653-665.

Frasure-Smith N, Prince R. The ischemic heart
disease life stress monitoring program: impact
on mortality. Psychosom Med. 1985;47:
431-445.

Frasure-Smith N. In-hospital symptoms of psy-
chological stress as predictors of long-term out-
come after acute myocardial infarction in men.
Am J Cardiol. 1991;67:121-127.
Frasure-Smith N, Lesperance F, Juneau M. Dif-
ferential long-term impact of in-hospital symp-
toms of psychological stress after non-Q-wave
and Q-wave myocardial infarction. Am J Car-
diol. 1992;69:1128-1134.

Jones DA, West RR. Psychological rehabilitation
aftermyocardialinfarction: multicentre randomised



175.

176.

177.

178.

179.

180.

181.

controlled trial. BMJ. 1996;313:1517-1521.
Taylor CB, Miller NH, Smith PM, DeBusk RF. The
effect of a home-based, case-managed, multi-
factorial risk-reduction program on reducing psy-
chological distress in patients with cardiovas-
cular disease. J Cardiopulm Rehabil. 1997;17:
157-162.

Frasure-Smith N, Lesperance F, Prince RH,
Verrier P, Garber RA, Juneau M, Wolfson C,
Bourassa MG. Randomised trial of home-
based psychosocial nursing intervention for
patients recovering from myocardial infarction.
Lancet. 1997;350:473-479.

Muskin PR, Glassman AH. The use of tricyclic
antidepressants in a medical setting. In: Finkel
JB, ed. Consultation-Liason Psychiatry: Cur-
rent Trends and Future Perspectives. New York,
NY: Grune & Stratton; 1983:137-158.

Roose SP, Dalack GW. Treating the depressed
patient with cardiovascular problems. J Clin Psy-
chiatry. 1992;53:25-31.

Arana GW, Hyman SE. Handbook of Psychiatric
Drug Therapy, Second Edition. Boston, Mass:
Little Brown & Co; 1991:61.

Roose SP, Dalack GW, Glassman AH, Wood-
ring S, Walsh T, Giardina GV. Cardiovascular ef-
fects of buproprion in depressed patients with
heart disease. Am J Psychiatry. 1991b;148:
512-516.

Roose SP, Glassman AH, Attia E, Woodring S.

182.

183.

184.

185.

186.

187.

188.

189.

Comparative efficacy of selective serotonin re-
uptake inhibitors and tricyclics in the treatment
of melancholia. Am J Psychiatry. 1994;151:
1735-1739.

Roose SP, Laghrissi-Thode F, Kennedy J, Nel-
son G, Bigger JT Jr, Pollock B, Gafney A,
Narayan M, Finkel MS, McCafferty J, Gergel .
Comparison of paroxetine and nortriptyline in
depressed patients with ischemic heart dis-
ease. JAMA. 1998;279:287-291.

Ellison JM, Milofsky JE, Ely E. Fluoxetine-
induced bradycardia and syncope in two pa-
tients. J Clin Psychiatry. 1990;51:385-386.
Enemark B. The importance of ECG monitoring
in antidepressant treatment. Nord J Psychiatry.
1993;47(suppl):57-65.

Humphries JE, Wheby MS, VandenBerg SR.
Fluoxetine and the bleeding time. Arch Pathol Lab
Med. 1990;114:727-728.

Evans TG, Buys SS, Rodgers GM. Acquired ab-
normalities of platelet function. N Engl J Med.
1991;324:1671.

Yaryura-Tobias JA, Kirschen H, Ninan P, Mos-
berg HF. Fluoxetine and bleeding in obsessive-
compulsive disorder. Am J Psychiatry. 1991;
148:949.

Alderman CP, Moritz CK, Ben-Tovim DI. Abnormal
platelet aggregation associated with fluoxetine
therapy. Ann Pharmacother.1992;26:1517-1519.
Callahan AM, Marangell LB, Ketter TA. Evaluat-

190.

191.

192.

193.

194.

195.

ing the clinical significance of drug interac-
tions: a systematic approach. Harvard Rev Psy-
chiatry. 1996;4:153-158.

Lesperance F, Frasure-Smith N, Talajic M. Ma-
jor depression before and after myocardial in-
farction: its nature and consequences. Psycho-
som Med. 1996;58:99-110.

Ridker PM, Cushman M, Stampfer MJ, Tracy RP,
Hennekens CH. Inflammation, aspirin, and the
risk of cardiovascular disease in apparently
healthy men. N Engl J Med. 1997;336:973-979.
Musselman DL, Lewison BJ, Porter MR, Pearce
BD, McDaniel JS, Miller AH, Nemeroff CB. HPA
axis hyperactivity and interleukin-6 plasma con-
centrations in cancer patients with depression.
Paper presented at: the 36th meeting of the
American College of Neuropsychopharmacol-
ogy; December 10, 1997; Waikoloa, Hawaii.
Grodstein F, Stampfer MJ. The epidemiology of
coronary heart disease and estrogen replace-
ment in postmenopausal women. Prog Cardio-
vasc Dis. 1995;38:199-210.

Kon Koh K, Mincemoyer R, Bui MN, Csako G,
Pucino F, Guetta V, Maclawiw M, Cannon RO.
Effects of hormone-replacement therapy on fi-
brinolysis in postmenopausal women. N Engl
J Med. 1997;336:683-690.

Eaker ED, Packard B, Thom TJ. Epidemiology and
risk factors for coronary heart disease in women.
Cardiovasc Clin. 1989;9:129-145.

Announcement

Free Patient Record Forms Available

Patient record forms are available free of charge to
ARCHIVES readers by calling or writing FORMEDIC, 12D
Worlds Fair Dr, Somerset, NJ 08873-9863, telephone
(908) 469-7031.
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