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ABSTRACT
Although under-emphasized, substantial evidence indicates that
psychological distress, especially depression, hostility, and
anxiety, are risk factors for coronary heart disease (CHD) and
affect recovery following major coronary heart disease events.
We review several major studies from Ochsner Medical Center
demonstrating the high prevalence of psychological distress in
CHD patients and the marked benefits that occur following
formal cardiac rehabilitation and exercise training programs.
These benefits include reductions in psychological stress,
improvements in CHD risk factors that accompany high stress,
and reduced all-cause mortality. These data support the benefits
of exercise training and increased levels of fitness to improve
psychological stress and subsequent prognosis.

INTRODUCTION
The major established risk factors for coronary heart
disease (CHD) include strong family history, diabetes,
dyslipidemia, smoking, and hypertension, as well as
metabolic syndrome, obesity, and sedentary lifestyle
(1). However, substantial additional evidence indi-
cates that conditions of psychological distress,
especially depression, hostility, and anxiety, are also
significant CHD risk factors and may adversely affect
recovery after major CHD events (2–10). Although
most of the evidence has focused on the high
prevalence of depression in patients with CHD, as
well as on depression as a CHD risk factor and as

a means of predicting prognosis (2–7), substantial
evidence has also documented that hostility and
anxiety may also increase the risk of major CHD
events (2,8–10). In fact, a psychosocial index in-
corporating many of these adverse behavioral factors
has recently been demonstrated to be an independent
risk factor for the development of acute myocardial
infarction (MI) (11–12). In addition, these adverse
psychological risk factors have been associated with
several standard CHD risk factors (dyslipidemia,
hypertension, and obesity), as well as increased
inflammatory biomarkers that are associated with
CHD events, coronary artery calcification, coronary
atherosclerosis, and peripheral vascular disease (13).
Current evidence indicates that greater emphasis
should be placed on psychological risk factors in the
prevention and treatment of CHD.

BACKGROUND
Although the importance of behavioral and psy-

chological risk factors in the pathogenesis and
expression of CHD has been somewhat controversial,
we believe that most data support the concept that
various psychological risk factors, including depres-
sion, anxiety, long-term life stress, hostility, or un-
expressed anger, contribute significantly to the
pathogenesis of atherosclerosis as well as to the
development of major CHD events (Figure 1) (2). As
mentioned above, most of the early evidence focused
on depression as a significant risk factor, as well as on
the poor recovery from depression in CHD patients
following major clinical events (2–7). However, other
psychological factors may also be important (2,8–13).
Friedman and Rosenman (14) defined persons who
exhibit an emotional syndrome characterized by
continuous harrying sense of time, urgency, ambi-
tiousness, aggressiveness, competitive drive, and
easily aroused free-floating hostility as having type A
behavior, and some studies have demonstrated up to
a 4-fold increase in the incidence of major CHD
events in these patients (13,15–17). Recently, re-
searchers have focused on the risk of hostility in CHD
patients (8), especially younger patients (9), and this
psychological risk factor has been linked with meta-
bolic syndrome (MS) and increased risk of mortality
(13,18–21). The role of anxiety has probably been the
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most controversial, although several large-scale stud-
ies have suggested a link between anxiety and overall
mortality, especially in sudden cardiac death
(2,10,13). Recently, a large study from Boston
demonstrated that a high level of anxiety in CHD
patients constituted a strong risk factor for the risk of
MI or death (21). In addition, the INTERHEART study,
which included nearly 30,000 subjects from over 50
countries, found that psychosocial factors were
strong independent risk factors for the development
of MI, composing nearly one-third of the population’s
attributable risk for MI (11–12).

Cardiac Rehabilitation and Exercise
Training (CRET)

We and others have published the numerous
benefits gained when following the formal, phase II
CRET programs in the secondary prevention of CHD
(22–37). These benefits include marked improvements
in exercise capacity and levels of fitness, reductions in
obesity indices and risk factors for MS, improvements
in plasma lipids (especially high-density lipoprotein
cholesterol or HDL-C and triglycerides), inflammation,
homocysteine, blood rheology, autonomic function,
and parameters of ventricular repolarization disper-
sion (and, theoretically, the risk of malignant ventric-
ular dysrhythmias). In addition, our CRET studies have
also demonstrated that this therapy results in marked
improvements in behavioral and psychosocial factors,
as well as overall health-related quality of life (QoL) (3–
10,13,38).

Review of Ochsner Studies
Over the past 15 years, we have performed

numerous studies assessing behavioral factors with
the Kellner Symptom Questionnaire, in which patients
respond to 92 questions about how they have felt
during the past week, using a yes/no format; this
questionnaire has been validated to assess depres-
sion, hostility, somatization, and total psychological
distress (39–40). In addition, our patients have
answered the Medical Outcomes Study (MOS) Short
Form, which is comprised of 36 short questions, and
is validated for total QoL, as well as several individual
components (mental health, energy, fatigue, general
health, bodily pain, well-being, and functional status)
(41).

Over a decade ago, we studied 338 consecutive
CHD patients following major CHD events and found
that 20% met criteria for depression prior to CRET,
and that this percentage dropped dramatically to 12%
following the implementation of the CRET program (3).
During the same year, we demonstrated that patients
with diabetes had a significantly higher prevalence
of depression (26% versus 14%) compared with

patients without diabetes, yet following the use of
the CRET program, both groups had a prevalence of
depression of only 9% (4). In a large cohort of 268
elderly $65 years of age, the prevalence of depres-
sion prior to CRET was 18% and fell to 8% following
the CRET program (5). Women have a slightly higher
prevalence of depression compared with men (23%
versus 18%), and in women the prevalence dropped
to 12% following CRET (6). We have demonstrated
similar effects of CRET in cohorts of elderly women
(7).

In a study of 500 consecutive patients, we
demonstrated that hostility was present in 13% of
our CHD patients prior to CRET, which fell to only 8%
following the formal CRET program (8). Subsequently,
we demonstrated that patients ,50 years of age had
a prevalence of hostility of 28% compared with only
8% prevalence in those $65 years; following CRET,
the prevalence fell to 15% and 4%, respectively, in
the younger and older patients (9).

In another study of 500 patients with CHD, we
demonstrated that the prevalence of anxiety was
44%, 20%, and 24%, in patients ,55 years (n 5 121),
55–70 years (n 5 232) and those .70 years (n 5 147),
respectively (10). Following CRET, the entire cohort
had a 56% reduction in the prevalence of anxiety and
a nearly 70% reduction in the prevalence of severe
anxiety.

Most recently, we studied a large cohort of 635
consecutive patients and specifically compared 104
patients ,55 years (mean age 48 +/26 years) and 260
patients $70 years (mean age 75 +/23 years) to

Figure 1. Several reasons that promote interest in the
evaluation and treatment of psychosocial stress in
medical practices. CAD=coronary artery disease. Adapted
with permission from Rozanski A, Blumenthal JA, Davidson KW,
et al. J Am Coll Cardiol 2005;45:637–651.
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determine the prevalence of psychological risk factors
as well as the response to CRET (Figure 2) (13). We
demonstrated that depression was slightly more
prevalent in the younger cohort (23% versus 19%, p
5 NS), and that younger patients had a much higher
prevalence of anxiety (28% versus 14%; p ,0.01) and
hostility (13% versus 5%; p ,0.01). Following CRET,
both younger and older cohorts of patients had
marked improvements in depression, hostility, and
anxiety (Figures 3–5), but these improvements are
even more impressive in the younger patients who
had higher baseline prevalence of psychological
distress.

Recently, we also assessed 500 consecutive
patients before and after CRET and utilized a com-

posite Kellner score of Psychological Distress (com-
bined score of depression, hostility, anxiety, and
somatization) to compare the highest quintile with
the lowest quintile (42). We demonstrated that
patients with high distress (HD) were younger and
had higher weight, body mass indices, triglycerides,
and glycosylated hemoglobin, but had lower levels of
exercise capacity and fitness, HDL-C, and total QoL,
as well as all six major components of QoL, compared
with those with low distress (LD). Following CRET,
however, the patients with HD had significant im-
provements in obesity indices, exercise capacity,
HDL-C, and total QoL (and the six components), as
well as all four components of distress. Moreover,
their improvements were similar to or even greater
than those noted in patients with LD, further demon-
strating the benefits of CRET in patients with more
psychological distress.

Figure 2. Prevalence of adverse behavioral characteristics
in young (mean 48 6 6 years) and elderly (mean 75 6

3 years) patients with Coronary Heart Disease. Adapted
with permission from Lavie CJ, Milani RV. Arch Intern
Med 2006;166:1878–1883.

Figure 3. Prevalence of depression before and after
rehabilitation in younger and elderly Coronary Heart
Disease patients. Data from Lavie CJ, Milani RV. Arch
Intern Med 2006;166:1878–1883.

Figure 4. Prevalence of hostility before and after re-
habilitation in young and elderly Coronary Heart Disease
patients. Data from Lavie CJ, Milani RV. Arch Intern
Med 2006;166:1878–1883.

Figure 5. Prevalence of anxiety before and after re-
habilitation in young and elderly Coronary Heart Disease
patients. Data from Lavie CJ, Milani RV. Arch Intern
Med 2006;166:1878–1883.
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Depression and Mortality
Prior studies have demonstrated the increased

risk associated with high levels of psychological
distress, particularly depression (2–7). In a recent
study of 522 patients who took part in CRET and 179
patients who did not take part in CRET and served as
controls, we noted a 17% prevalence of depression at
baseline that fell to 6% following CRET (38). Most
importantly, however, those patients who remained
depressed following CRET had a 4-fold higher
mortality (22% versus 5%; p ,0.001) than those who
were non-depressed following CRET (Figure 6) (38).

Moreover, the control depressed group had a 30%
mortality during a mean 3.5-year follow-up compared
with an only 8% (p ,0.001) mortality in the ‘‘active’’
depressed group who attended CRET (Figure 7).
Finally, we noted that those patients who did not
improve their exercise capacity maintained a higher
prevalence of depression as well as mortality risk,
whereas those patients who had either a small or
marked improvement in exercise capacity signifi-
cantly reduced their risk of depression as well as its
accompanying high mortality risk (Figure 8). These
data suggest that one needs to improve exercise
capacity only mildly in order to reduce depression and
its high mortality. Although our results were specifi-
cally attained in a CHD cohort following major CHD
events, we believe that our data are also applicable
for depressed patients without known CHD, support-
ing the potential benefits of exercise training and
increased levels of fitness in patients with depression.

CONCLUSION
Numerous studies indicate that psychological risk

factors increase the risk of CHD and also affect the
impact of recovery following CHD events. We have
demonstrated the potential benefits of CRET pro-
grams to not only improve most of the established
CHD risk factors, but also to dramatically reduce the
adverse psychological risk factors, including depres-
sion, hostility, anxiety, and total psychological dis-
tress, as well as improve QoL in patients with CHD.
We believe that our data support the idea that
psychological risk factors should be assessed in
patients with CHD or high risk; that CRET programs
should be routinely utilized as secondary CHD pre-

Figure 6. Cumulative hazard curves for mortality in
patients who were depressed and non-depressed following
formal Cardiac Rehabilitation and Exercise Training.
Reproduced with permission from Milani RV, Lavie CJ.
Am J Med 2007;120:799–806.

Figure 7. Prevalence of mortality during mean 3.5-year
follow-up in control depressed (who did not attend Cardiac
Rehabilitation and Exercise Training [CRET]) compared
with ‘‘active’’ depressed who attended CRET treatment.
Reproduced with permission from Milani RV, Lavie CJ.
Am J Med 2007;120:799–806.

Figure 8. Prevalence of depression and mortality in
patients who did not improve exercise capacity (VO2

Loss), those with mild improvements in exercise capacity
(Mild VO2 Gain), and those with high improvements in
exercise capacity (High VO2 Gain) following Cardiac
Rehabilitation and Exercise Training. Reproduced with
permission from Milani RV, Lavie CJ. Am J
Med 2007;120:799–806.
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vention; and, finally, that exercise training and in-
creased levels of fitness should be stressed to
improve psychological stress, particularly depression,
and to improve the high mortality risk associated with
adverse psychological risk.
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