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Structured Abstract

Stress is a pervasive component of the human experience. While often considered an adversity to
be ignored, chronic stress has important pathologic consequences, including cardiovascular
disease (CVD). Stress also increases the prevalence and severity of several CVD risk factors,
including hypertension, diabetes, and obesity. Yet even after adjustment, stress’ attributable CVD
risk is similar to those risk factors, suggesting it is a particularly potent contributor. Nevertheless,
there has been insufficient study of mechanisms linking stress to CVD or of methods to attenuate
stress’ pathologic impact. This review covers the current concepts of how stress impacts CVD and
emerging approaches to mitigate stress-attributable CVD risk.
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Introduction

Throughout antiquity, the heart was believed to be the source of emotions. However, the link
between emotions and the heart became understood to be metaphorical after 17t century
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neuroanatomist Thomas Willis discovered that sentiments arise from the brain. Persisting
beyond Willis” discovery was the recognition that emotional stressors precipitate physical
ailments. Research into stress’ physical impact has been complicated by difficulty in
measuring it objectively and in isolating it from confounding factors with which it clusters,
including socioeconomic factors, health behaviors, and environmental exposures.? However,
several recent studies demonstrated that stress independently associates with the risk of
several diseases, including cardiovascular disease (CVD). This review seeks to delineate the
emerging links between stress and CVD from epidemiology to pathobiological mechanisms.
A glossary of terms and abbreviations are provided (Figure 1A and 1B).

Epidemiology

Psychological stress is a fundamental component of life, afflicting all humans with a range
of frequencies and intensities. Stressors can manifest acutely or chronically and take
numerous forms, including life changes (e.g., marital discord, natural disasters), adverse
socioeconomic conditions (e.g., low income, high crime), and can link to chronic psychiatric
conditions (e.g., depression, anxiety). Moreover, each individual’s physiologic response to a
given stress exposure determines a stressor’s health consequences.?

Chronic stress occurs over months to years and can result in cumulative adverse health
consequences. The relationship between chronic stress and disease has been studied
extensively; most studies confirm an association between stress and adverse health
consequences despite heterogeneity in study design, stressor type, measurement of stress,
outcomes, assessment of confounders, and subject demographics.1=3 Recent large studies
have demonstrated that chronic stress associates with heightened risk for several diseases,
including various cancers and CVD, leading to its recognition in clinical guidelines.l: 45
The seminal INTERHEART study was a large case-control study that evaluated the
relationship between modifiable risk factors and coronary disease in 24,767 patients from 52
countries.® In that study, heightened psychosocial stress over the previous year
(questionnaire-based) associated with a >2-fold increased myocardial infarction (M) risk
after adjusting for CVD risk factors (Figure 2A). Further, this association was independent
of socioeconomic status and lifestyle factors and was largely consistent across geographic
regions, ages, and sexes. Similarly, chronic stress is associated with increased stroke risk,8
and chronic stress-related conditions (e.g., depression) associate with heightened CVD risk
and worse outcomes in CVD patients.!

Similarly, acute stress, which has typically been studied following natural disasters or
emotional events, associates with increased short-term CVD risk, especially among those
with pre-existing risk. The 2004 Northridge earthquake triggered a nearly 3.5-fold increase
in sudden cardiac death on the day it occurred.’ This finding, along with the unusually low
incidence of SCD in the following week, suggests that sudden stress precipitates sudden
cardiac death in at-risk individuals. Acute stress distributed over several days also increases
CVD risk. During the month-long 2006 FIFA World Cup in Germany, local acute coronary
syndrome rates increased 2.7-fold on days that Germany played and 6-fold on days that
Germany played elimination or close games.8 Importantly, there was no increase in acute
coronary syndrome on days that Germany did not play. Acute stress is also a commonly-
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described precipitant of Takotsubo Syndrome, an acute heart failure syndrome.®-11 While
acute stress undoubtably contributes to CVD, the remainder of this review will focus on
chronic stress unless specified.

Further complicating the relationship between stress and CVD is the fact that chronic stress
also promotes CVD risk factors. Chronic stress triggers unhealthy eating habits and a
preference for unhealthy foods.12 It also associates with hypertension and greater adiposity
(independent of diet and physical activity).13 14 Similarly, stress increases diabetes risk and
worsens glycemic control among diabetics.1 Furthermore, stress-related conditions
associate with a higher smoking rate.18 While this complicated interplay presents a
significant challenge to evaluating the impact of stress in isolation on CVD, these risk
factors alone do not explain the relationship between chronic stress and CVD. Notably, even
after adjusting for them, psychosocial stress’ attributable CVD risk is similar to that for
smoking, dyslipidemia, hypertension, and diabetes (Figure 2B).> 17 Accordingly, important
pathological mechanisms beyond increased risk factors link chronic stress to CVD.

Pathological Mechanisms

An understanding of mechanisms linking chronic stress to disease logically begins with the
central nervous system (Figure 3). The brain processes a constant stream of sensory stimuli
and actively selects specific stimuli for additional processing. Much of that processing is
done by the brain’s salience network, a collection of centers involved in complex functions
such as cognition and emotion. The limbic system serves a critical function within that
network, and the amygdala plays a prominent role.18 To actuate the stress response, the
amygdala, through efferent neurons, directs the hypothalamus to increase sympathetic
nervous system (SNS) and decrease parasympathetic nervous system (PSNS) activity and
initiate neurohormonal output through the hypothalamic-pituitary-adrenal (HPA) axis.
Simultaneously, the amygdala’s efferent neurons to the periaqueductal gray alter behavior.19
The prefrontal cortex, through cognitive evaluation of stimuli, can provide regulatory signals
that attenuate the stress response via so called “top-down” regulation. The prefrontal
cortex’s downstream projections include the amygdala and brainstem, providing regulation
of autonomic and HPA axis activity.2? Additional signaling from the anterior cingulate
cortex and hippocampus contributes to stress-related neural activity. Under threatening
environmental circumstances, this activity yields an adaptive response of fear and anxiety,
accompanied by the “fight or flight” response.?!

The hypothalamic-pituitary-adrenal axis

Stress-induced hypothalamic activation triggers a cascade involving the pituitary and adrenal
glands known as the HPA axis. Under stress, the hypothalamus synthesizes corticotropin-
releasing factor (CRF) and vasopressin. CRF stimulates the anterior pituitary to release
adrenocorticotropic hormone (ACTH), which induces the adrenal cortex to produce
glucocorticoids. While glucocorticoids play an important counter-regulatory role (i.e.,
reducing HPA activation through negative feedback), they also contribute to increased
adiposity, hypertension, and insulin resistance.?2
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Autonomic nervous system

Stress-induced changes in SNS and PSNS tone produce important physiological effects.
SNS stimulation causes vasoconstriction and increased peripheral vascular resistance and
promotes higher blood pressure and heart rate as well as lower heart rate variability.
Activation of the skin sympathetic pathway precipitates perspiration and flushing.
Furthermore, SNS activation of the adrenal medulla elicits the systemic release of
epinephrine and norepinephrine, further heightening the sympathetic response.23

Stress-induced immune dysregulation

Another key physiological consequence of chronic stress is immune system dysregulation.
Several stress-elicited pathways impact the transcription of immune response genes,
including toll-like receptors (TLRs) and those governed by nuclear factor kappa beta (NF-
xP).24 Stress also increases bone marrow leukopoietic proliferation and cytokine release
(e.g., interleukin-6) through beta-adrenergic signaling via increased norepinephrine and the
B3-adrenergic receptor on progenitor inflammatory cells and macrophages.25-28 These
newly-released inflammatory cells are primed to manifest heightened expression of pro-
inflammatory immune response genes and production of pro-inflammatory cytokines in a
feed-forward pattern.24 Furthermore, increased norepinephrine binds to bone marrow
stromal cells via the p3-adrenergic receptor to attenuate production of C-x-c chemokine
ligand 12 (CXCL12), which typically functions to retain leukocytes within the bone marrow.
25,26, 29 Thjs stress-accentuated innate immune cell output and cytokine production
potentiates atherosclerosis.2% 28. 30 Simultaneously, stress decreases anti-viral actions.23
Glucocorticoids suppress anti-viral gene programs (e.g., interferon regulatory factors), and
catecholamines repress interferon regulatory factors by stimulating leukocyte adrenergic
receptors, thereby increasing the risk of acquiring viral infections.3! Thus, stress-induced
immune dysregulation results in greater inflammation with decreased immunosurveillance,
which subsequently promote several downstream maladies.

Stress-induced vascular effects

Consequent to its effects on neurohormonal activity and inflammation, chronic stress is also
associated with downstream endothelial dysfunction, altered vascular reactivity, and
heightened coagulation. Additionally, the neurohormonal and inflammatory effects of stress
promote greater atherosclerotic inflammation. Together these factors further potentiate
atherosclerotic risk and importantly contribute to its link with CVD.2 32

Measurement of Stress

Several methods can be used to measure stress. Psychometric questionnaires are among the
most widely used tools in stress research given their ready availability, low cost, and
association with adverse outcomes.® Such questionnaires include the Perceived Stress
Scale-10 (PSS-10) and the Perceived Stress Questionnaire. However, while recognized as
the gold standard, questionnaires are limited because they measure solely one’s perceived
emotional response to stress, which may diverge from the neuropsychiatric, behavioral, and
physical manifestations of stress.
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Stress’ physiologic impacts can be captured through several validated measures. For
example, SNS and PSNS activities can be assessed by measuring the skin conductance
response and heart rate variability, respectively. Similarly, blood or urine catecholamines
provide reproducible measures of SNS activity. HPA axis activity is also used as an index of
stress by measuring hormone levels (e.g., glucocorticoids, CRF, ACTH, and vasopressin) in
blood, urine, hair, or saliva. Vascular reactivity also allows quantification of the
cardiovascular impact of a stressor (i.e., cold pressor test, mental stress) through changes in
hemodynamics and ultrasound-based measures of vascular function. While the above are
useful tools to assess the physiologic response to stress, these measures are not specific for
perceived stress and are impacted by numerous confounders.?: 32

Advanced neuroimaging, which can directly measure stress’ neurobiological impact, has
revolutionized neuropsychiatry and stress research. Functional magnetic resonance imaging
(FMRI) assesses neural activity and connectivity between brain regions. fMRI can
instantaneously measure the neural response to rapidly changing stimuli (e.g., emotional
facial expressions). Human PET activation and fMRI studies show that stressful or
threatening stimuli activate the amygdala and elicit the hormonal, autonomic, and behavioral
changes associated with fear and stress.33 34 18F-fluorodeoxyglucose positron emission
tomography/computed tomography (18F-FDG-PET/CT) is used to measure resting metabolic
activity in various body tissues including brain. Large series studies in primates show that
amygdalar 18F-FDG uptake associates with anxious temperament in adults3® and predicts
future temperament among juveniles.36 In humans, amygdalar metabolic activity (AmygA;
amygdalar activity adjusted for temporal lobe or prefrontal cortex activity) associates with
circulating inflammatory markers, leukopoietic activity, and atherosclerosis.3”: 38 Moreover,
it associates with stress syndromes and independently predicts subsequent cardiometabolic
diseases and CVD events.37-3% While costly and limited in availability, PET/MRI systems
allow concurrent measurement of structural MRI, fMRI, and PET signals, allowing
simultaneous quantification of neurobiological activity,16-19.21 Jeukopoietic tissue activity
(e.g., bone marrow), and arterial inflammation (Artl),12:22 thereby making this modality
uniquely suitable for investigating stress-related atherogenic mechanisms (Figure 4).

Insights from Human Imaging Studies

Human neuroimaging studies have illuminated a multi-system mechanism linking chronic
stress to CVD (Figure 5). In an fMRI study of 36 individuals, heightened amygdalar
activation and positive connectivity between the amygdala and anterior cingulate cortex
associated with a greater burden of subclinical atherosclerosis.%% In an 18F-FDG-PET/CT
imaging study of 293 individuals without baseline CVD or active malignancy, AmygA
robustly associated with subsequent CVD events, and a serial mechanism linking AmygA to
CVD was identified: 1 AmygA— *leukopoietic activity—TArtl—"CVD events.3” This
neural-immune-arterial mechanism was subsequently corroborated and extended in a
prospective study of patients who underwent 18F-FDG-PET/CT and coronary CT
angiography. In that study, increased AmygA associated with greater bone marrow
leukopoietic activity and atherosclerosis (both Artl and non-calcified coronary plaque
volume).38 Further, the relationship between heightened AmygA and atherosclerosis was
again mediated by increased leukopoietic activity. A third study also observed significant
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associations between increased amygdalar activity and heightened leukopoietic activity,
abnormal myocardial perfusion, and decreased left ventricular function among women.#!
These findings collectively implicate a neural-immune mechanism linking stress to CVD
and suggest novel therapeutic targets.

Neuroimaging studies have similarly illuminated mechanistic insights into Takotsubo
Syndrome. Among individuals with prior Takotsubo Syndrome, there is altered structure and
connectivity of stress-associated brain centers (including the amygdala) and increased
systemic inflammation.®: 10 42 Notably, a recent retrospective case-control 28F-FDG-
PET/CT study showed that heightened AmygA is present years before Takotsubo Syndrome
onset, suggesting that vulnerable individuals are primed prior to developing Takotsubo
Syndrome after an acute stressor.11

Social and Environmental Stressors

Modern humans are increasingly subjected to chronic socioeconomic and environmental
stressors (e.g., economic stress, noise exposure). Such stressors have repeatedly been
associated with higher systemic inflammation, CVD risk, and reduced life expectancy
beyond differences in risk factors, healthcare access, or health behaviors.#3-4> A recent
study evaluated whether heightened AmygA contributes to the mechanism linking adverse
socioeconomic status to CVD. That study derived neighborhood-level socioeconomic status
indices among 509 individuals who had undergone 18F-FDG-PET/CT imaging. Lower
neighborhood socioeconomic status (i.e., lower income or higher crime) associated with
increased AmygA (Figure 6A), Artl, and subsequent CVD events (Figure 6C). Furthermore,
path analysis demonstrated that socioeconomic status acts at the front end of the
aforementioned neural-immune-arterial mechanism: lower socioeconomic

status—*1 AmygA— *leukopoietic activity—1Artl —TCVD events.46

Similarly, chronic environmental noise exposure associates with heightened systemic
inflammation, oxidative stress, and risk for CVD and metabolic diseases.*’ Since the
amygdala is intimately involved in the perception and response to noise,*8 increased noise
exposure’s impact on the amygdala and CVD was also evaluated with 18F-FDG-PET/CT
imaging. Transportation noise exposure (average 24-hour exposure at each individual’s
home address) independently associated with AmygA (Figure 6B), Artl, and incident CVD
events (Figure 6D). Moreover, the mechanism linking noise exposure and CVD events was
serially mediated by increased AmygA and Artl,#9 further implicating the neural-immune-
arterial pathway in the pathogenesis of stress-associated CVD.

Importantly, not all individuals exposed to socioeconomic and environmental stressors have
higher AmygA. In fact, among those with relatively higher levels of chronic stress exposure
(e.g., lowest neighborhood income tertile) there was a range of AmygA that remained
independently predictive of Artl and CVD events. Notably, individuals with lower AmygA
in spite of increased stress exposure (i.e., neurobiologically resilient individuals) were
relatively protected from CVD events.50 As such, the assessment of AmygA may provide a
construct that offers insight into resilience and merits additional study to identify factors
(e.g., behaviors, genetics) that may underlie this finding.
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Therapeutic Insights

Behavioral interventions may reduce perceived stress and attenuate the neural-immune-
arterial axis. ldeal treatments should be widely available, safe, and inexpensive in order to
benefit as broad a population as possible. Accordingly, the impact of stress reduction (SR)
on CVD has been of substantial interest. Nevertheless, existing studies have often been
limited by small sizes, varied patient populations (e.g., different ages, ethnicities), use of
different SR techniques (e.g., mindfulness-based SR, yoga, transcendental meditation), and
diverse endpoints (e.g., carotid wall measures, inflammatory biomarkers, symptoms).51
Given these limitations, meaningful conclusions about SR’s impact on CVD cannot yet be
drawn; however, findings remain encouraging.>?

While SR significantly reduces perceived stress,?? several recent studies show that SR has
additional important physiological benefits. SR modifies the structure and connectivity of
stress-associated neural centers, including the amygdala.* 55 Its downstream effects include
reduced systemic inflammation®® and improved blood pressure and health behaviors (e.g.,
reduced smoking).3”- %8 SR also favorably alters gene expression by amplifying genetic
pathways governing ATP and insulin production, while attenuating pro-inflammatory
pathways (e.g., NF-xf pathway).5% 60 Notably, its anti-inflammatory impact may be greatest
among individuals with inflammatory conditions or CVD.56. 61

Data on SR’s impact on atherosclerosis are also promising. Small studies have demonstrated
carotid plaque regression and improved myocardial blood flow after SR.62 63 Furthermore, a
randomized controlled trial showed fewer adverse CVD events when SR was added to
traditional cardiac rehabilitation versus cardiac rehabilitation alone (Figure 7). This finding
has catalyzed SR’s broad incorporation into cardiac rehabilitation programs.84

Given these findings, the American Heart Association released a statement that concluded
that the body of evidence, although inconsistent, suggests a potential benefit for SR in CVD
and recommended further research. Given its low cost and potential for widespread
application, the statement called for larger randomized trials to evaluate SR’s effect on
CVD.5! Additionally, further research is needed to study the mechanisms by which SR
yields these benefits, evaluate SR’s impact on neurobiological resilience, and identify which
SR methods have the greatest impact in different populations.

Salutary modification of health behaviors may also mitigate the relationship between chronic
stress and CVD.2° Habitual exercise reduces stress and systemic inflammation.® Poor sleep
increases stress and triggers several stress-linked inflammatory atherogenic mechanisms.%6
Accordingly, SR programs that also address lifestyle may potentially dampen stress’ adverse
biological impacts more than SR alone.5” Modern tools such as wearable technologies and
remote monitoring provide opportunities to better address and monitor these behaviors.

Lastly, several pharmacologic therapies targeting the neural-immune-arterial axis may
attenuate stress’ association with CVD. Increased amygdalar activity and its downstream
effects may be reduced by antidepressants or ketamine, a dissociative anesthetic with
efficacy in treating depression.®® In individuals with clinical depression and known CVD,
selective serotonin reuptake inhibitors attenuate depressive symptoms and may lower
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secondary CVD risk.1 Beyond the brain, beta blockers may decrease SNS-driven
leukopoiesis.2> 27 Anti-inflammatory agents (e.g., canakinumab) may also prove beneficial
by directly targeting elevated pro-inflammatory cytokines.®? Finally, agents that decrease
Artl (e.g., statins) may reduce consequent CVD events.’® Further development and testing of
novel targeted pharmacologic therapies (e.g., those targeting interleukin-6, CXCL12, TLRs,
or the NF-xp pathway) along with additional research into the durability of therapies and the
comparative effectiveness of medications and lifestyle changes is required. Prospective
studies are needed to evaluate the changes in the neural-inflammatory-arterial axis effected
by both behavioral and pharmacologic therapies to improve our treatment of stress-
associated CVD and evaluate a causative role for the neural-immune mechanism by inducing
an upstream change to reduce downstream CVD.

While not part of most CVD treatment guidelines, it may be appropriate to address stress in
individuals at risk for CVD given the low cost and low risk of intervention. Beyond
encouraging treatment of underlying stress disorders, cardiologists should be aware of
chronic stress’ impact on patients” health. Questionnaire-based screening and appropriate
therapies for patients at risk for CVD could be considered. 51

Conclusion

Chronic stress is a pervasive, under-appreciated CVD risk factor. Recent research has helped
to clarify the neurobiological pathways through which this occurs. More studies are needed
to understand the underlying mechanisms and to develop appropriate treatments. Moreover,
clinicians should consider the role of chronic stress when evaluating individuals with or at
risk for CVD and recommend approaches to reduce stress among those with high perceived
stress or greater exposure.
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Acute stress

Amygdala

Amygdalar metabolic
activity

Anterior cingulate cortex

Arterial inflammation

Chronic stress
Environmental stress
Hippocampus
Leukopoietic activity

Prefrontal cortex

Psychosocial stress
Resilience

Stress reduction

Glossary of Terms
Strain lasting seconds to weeks

Bilateral limbic structure beneath the temporal lobe involved in emotional
processing

Ratio of amygdalar 8F-fluorodeoxyglucose (*¢F-FDG) uptake to temporal
lobe 8F-FDG uptake on positron emission tomography (PET)

Limbic structure involved in emotional processing and cognition

index of arterial wall inflammatory cell infiltration measured as a ratio of
arterial ‘8F-FDG uptake on PET to background venous blood uptake

Strain over months to years

Negative response to an environmental stimulus (e.g., noise)

Neural center beneath the temporal lobe involved in learning and memory
Bone marrow and splenic 18F-FDG uptake on PET, marker of leukopoiesis

Neural center involved in cognition, complex behaviors, and regulating
limbic centers

Negative response to an emotional or social stimulus (e.g., low income)
Capacity to recover from or tolerate stress

Techniques to control stress and improve functioning

Figure 1:

ACTH
AmygA
Artl

CcT

CVvD
CRF
CXCL12
18F-FDG
fMRI
HPA
MRI
NF-kB
PET
PSNS
PSS-10
SNS

SR

TLR

Abbreviations
Adrenocorticotrophic hormone
Amygdalar metabolic activity
Arterial inflammation
Computed tomography
Cardiovascular disease
Corticotropin-releasing factor
C-x-c chemokine ligand 12
18F-fluorodeoxyglucose
Functional magnetic resonance imaging
Hypothalamic-pituitary-adrenal
Magnetic resonance imaging
Nuclear factor kappa beta
Positron emission tomography
Parasympathetic nervous system
Perceived Stress Scale-10
Sympathetic nervous system
Stress reduction

Toll-like receptor

Glossary of Terms and Abbreviations
Commonly used terms (A) and abbreviations (B) are defined.
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Figure 2:
Stress and CVD Risk

Page 14

The international INTERHEART study showed that psychosocial stress associates with a
heightened CVD risk across ethnic groups (A), and the attributable risk is similar to that of
major CVD risk factors (B). Reused with permission.>: 17
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Figure 3:
Physiological Consequences of Stress

Chronic stress triggers several disease-promoting physiological changes, including: HPA
axis activation, behavioral and cardiometabolic changes, increased SNS and decreased PSNS
activity, heightened leukopoiesis, and immune dysregulation. ACTH-adrenocorticotropic
hormone, CRF-corticotropin-releasing factor, HPA-hypothalamic-pituitary-adrenal, NE-
norepinephrine, SNS and PNS-sympathetic and parasympathetic nervous systems,
respectively.
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A. MRI D. 18F-FDG-PET
Neural Structure Resting Neurobiological Activity

B.  Functional MRI E. 8F-FDG-PET
Neural Activation & Connectivity Leukopoietic Activit

Structural MRI F. 18F_FDG-PET
Atherosclerosis Burden Arterial Inflammation

Figure 4:
Multi-System Imaging of Tissue Biology

Advanced imaging using 18F-Fluorodeoxyglucose positron emission tomography/magnetic
resonance imaging (8F-FDG-PET/MRI) provides a unique opportunity to measure stress-
associated neurobiology as it relates to cardiovascular disease. Multiparametric-multi-tissue
imaging can be obtained in a single session. MRI data include measurements of neural
structures (A), stressor-stimulated neural activation and connectivity using functional MRI
(B), and structural cardiovascular measures (C). 18F-FDG-PET/MRI is used to image resting
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neurobiological metabolic activity (D), leukopoietic activity (E) and arterial inflammation
(F). Red solid arrow=carotid artery, red hatched arrows=aorta, white solid
arrows=amygdalar activity, white hatched arrows=bone marrow.
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Figureb5:
Mechanisms Linking Stress to CVD

Chronic stress upregulates stress-associated neurobiological activity, leading to increased
CVD risk factors (e.qg., obesity, hypertension, and insulin resistance) and heightened
inflammation via a neural-immune axis. This in turn drives increased arterial inflammation
and non-calcified coronary plaque burden, resulting in higher CVD risk independent of
traditional risk factors. BM-bone marrow, CVD-cardiovascular disease, HTN-hypertension,
SNS-sympathetic nervous system, HPA-hypothalamic-pituitary-adrenal.
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Figure6:
Socioeconomic and Environmental Stressors vs. Stress-Associated Neurobiological Activity

and CVD Events.

Individuals were categorized according to quartiles of neighborhood median income and
transportation noise exposure. Amygdalar activity decreased as neighborhood median
income increased (A) and increased as transportation noise exposure increased (B). Error
bars represent standard error of the mean. Similarly, CVD event-free survival was lower
among individuals with lower neighborhood income (C) or higher chronic noise exposure
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(D, >55 dBA, a level deemed unhealthy by the World Health Organization). Reused with
permission.46: 49 MACE-major adverse cardiovascular event.
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Figure7:

Impact of Stress Reduction on CVD Events

Individuals randomized to cardiac rehabilitation (CR) plus stress management training
(SMT) had fewer CVD events versus CR-alone (18% vs. 33%, HR [95% CI1]=0.49 [0.25,
0.95], p=0.035,*), and both CR groups had lower event rates versus the No-CR group (47%,
HR [95% CI1]=0.44 [0.27, 0.71], p<0.001). Reused with permission.64 Cl-confidence
interval, HR-hazard ratio.
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