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ABSTRACT

This manuscript reviews the current literature involving clinical anxiety and cardiopulmonary disease, considers
the hypothesized physiological mechanisms for anxiety, and discusses the use of exercise as a treatment for both
anxiety and cardiopulmonary diseases. The literature summary consists of original investigations, meta-analysis,
commentaries, and review publications in order to better understand the biological and psychological mecha-
nisms for using exercise as treatment and to provide details specific to cardiopulmonary disease and anxiety
management. A gap in the literature exists concerning the anxiolytic effects of exercise as a psychological and
physical treatment in cardiopulmonary populations. The findings from this review support further investigation
into the use of exercise to ameliorate the burden of anxiety in cardiopulmonary disease patients.

This review evaluates the current literature surrounding cardiopulmonary disease and anxiety. A systematic
literature search identified articles discussing the prevalence, association, and risk of anxiety in cardiopulmonary
patients. Though depression is often studied in this population, recent investigation supports a need for further
research regarding anxiety in cardiopulmonary patients. Treatment to manage patients’ psychological profile can
reduce exacerbations of known disease, reduce hospital readmission, and improve functional capacity, and overall

quality of life.

Introduction

Chronic diseases are a leading cause of death globally.! The Center for
Disease Control and Prevention (CDC), American College of Sports
Medicine (ACSM), and National Institute of Health (NIH) report cardiac
and pulmonary diseases (excluding lung cancer) as the first and fourth
leading causes of death respectively. Currently, coronary artery disease
(CAD) accounts for many cardiovascular related disease related deaths
while chronic lower respiratory disease and primary chronic obstructive
pulmonary disease (COPD) account for most pulmonary disease related
deaths. >

Cardiopulmonary diseases often develop as a result of poor life-
style.'* Unfortunately, the average American makes daily choices
detrimental to health while modern convenience contributes to poor
lifestyle choices.® Following CAD or COPD diagnosis, patients are at an
elevated risk for depression and anxiety. The inclusion of anxiety into a
patient's risk profile is relatively uncharted, promoting researchers and
clinicians to question when a patient's anxiety becomes pathological and
not just reaction to diagnosis.

A literature search conducted through Pubmed and Medline

databases identified exercise studies in cardiopulmonary disease pop-
ulations where qualitative measures of anxiety were included. This re-
view examines the current research involving the prevalence and
pathogenesis of anxiety in cardiopulmonary diseases and discusses ex-
ercise as a treatment option.

Anxiety in the cardiopulmonary patient

Anxiety increases significantly following diagnosis of cardiopulmo-
nary disease as demonstrated in several studies.>® As evidence accu-
mulates, scientists better understand the importance of assessing both
anxiety and depression in patients with cardiovascular disease. For
example, Kunik et al. evaluated 1334 COPD patients and found 65% met
the diagnostic criteria for depression and/or an anxiety disorder, but only
31% received anxiety treatment as demonstrated in Fig. 1 which implies
that a large group of patients is not receiving anxiety treatment.’

One possible source of anxiety for cardiopulmonary patients is the
experience of dyspnea. Even when symptoms are not present, residual
anxiety lingers regarding a fear of shortness of breath and a feeling of
helplessness. As a result, exercise and functional capacity decrease and a
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Treatment Recieved for Depression and/or
Anxiety

Fig. 1. Depression and/or Anxiety in COPD Patients. In 1 334 COPD patients evaluated for depression and anxiety, Kunik et al. found 867 patients (65%) to meet the
diagnostic criteria for clinical depression and/or anxiety. Of those 867 patients, only 269 (31%) received psychological treatment.
The information for developing this figure comes from Kunik et al. Chest. 2005 (Reference 9).

person avoids physical activity.'? Present knowledge about anxiety and
depression comes from observational studies conducted within clinics
and hospital settings. Very few studies are conducted in a community
setting posing the concern that anxiety levels are perhaps greater than
estimated through hospital-based studies. When not receiving secondary
preventative care aside from pharmacological management for cardio-
pulmonary diagnoses, patients are even less likely to receive psycho-
logical treatment. These circumstances can exacerbate the effects of
anxiety as a person becomes more socially isolated.

Determining the true prevalence of mood disorders, particularly
anxiety, is difficult due to the social stigma of mental illness. Many cases
go undetected or unreported because healthcare workers are not trained
to see the signs and symptoms, and patients are not likely to seek help.'!

Following a diagnosis for a chronic disease exacerbated by poor
lifestyle choices, patients easily feel shame, guilt, and anger regarding
their condition. Frequently these emotions mask a deeper fear of the
future, lack of independence, and even death.'? Often these emotions
cause the patient to withdraw and reject support. Repression of fear and
guilt can manifest into chronic anxiety which negatively impacts both
physical health and quality of life.'>

Yohannes et al. found that COPD patients’ quality of life is more
strongly associated with psychological health status than lung function.'®
In a cross-sectional analysis, COPD patients with anxiety and depression
reported lower functional capacities than patients with only COPD when
controlling for lung function.'°

Cohen et al. completed a comprehensive review with similar results
for cardiac patients with CAD and heart failure.'®> When controlling for
objective measures of cardiac function (i.e., ejection fraction), patients
with depression and anxiety are more likely to report greater physical
limitations and lower quality of life.!® Also, whether anxiety precedes
cardiovascular disease or vice-versa is still in question. Presently, no
definitive evidence exists supporting one process over the other. Persons
with anxiety show elevated sympathetic activation suggesting an
increased cardiac demand via vasoconstriction and perhaps augmenting
the atherosclerotic process.'* A cross-sectional study conducted by
Vogelzangs et al. found persons with an anxiety disorder showed a
threefold increase in prevalence of CAD.'® When compared to the prev-
alence of anxiety in the general population, CAD patients are at a
threefold greater risk for developing anxiety following their diagnosis.'>

In this regard, teasing apart which condition is the primary risk factor
is difficult. Studies evaluating the association of anxiety and cardiopul-
monary diseases are often retrospective in nature. Such analyses are
limited in the ability to discern the pathological sequence because of the
overlap in symptoms between conditions such as COPD, heart failure,
and anxiety or depression.'°
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Current information provides strong evidence for continuing scien-
tific investigations into the relationship between cardiopulmonary dis-
ease and mood disorders. To date, a greater volume of literature exists for
analyzing depression and chronic disease. Only recently have researchers
begun to explore anxiety as an independent risk factor. Anxiety increases
in cardiopulmonary disease populations will need to be evaluated to
improve the detection, provide proper treatment, improve quality of life,
and mitigate the economic burden of reduced functional capacity
attributed to cardiopulmonary diseases.

Anxiety as a response and a risk factor

Much discussion has taken place concerning the etiology of anxiety,
leading scientists to propose various psychological and physiological
mechanisms. Recent evidence has focused on the relationship of anxiety
with chronic disease. The stress diathesis model was developed to more
simply explain the development of psychological disorders.'® This model
links a stimulus such as chronic disease diagnosis with the manifestation
of an anxiety disorder in a person with an underlying predisposition for
mood disorders. In other words, a person's susceptibility for anxiety is
manifested by diagnosis of a physical illness.

Persons coping with anxiety may experience heightened anxiety
sensitivity and exaggerated fear response behaviors.'® Turk using the
stress diathesis model to address chronic pain in patients applied the
same principles to anxiety marlagemerlt.16 A person having anxiety and
cardiopulmonary disease is inclined to avoid stressors believed to trigger
a cardiac or pulmonary event such as physical activity. While attempting
not to stress their heart or lungs and avoid a racing heart or dyspnea,
patients miss a key component of disease treatment.

Is anxiety a risk factor for a cardiac event? Based upon current
knowledge, depression and anxiety disorders in association with chronic
physical disorders often result in a cyclic downward spiral of a person's
overall health. However, evidence concerning the sequence of devel-
oping physical and mental disorders is not well established. Scientists
and clinicians often identify anxiety and depression as risk factors for
cardiovascular disease when associated with unhealthy behaviors. Such
behaviors include smoking, poor diet, sedentary lifestyle, and poor
medication compliance.!” Resulting cardiac events due to poor lifestyle
choices can further exacerbate a person's anxiety and/or depression as
health deteriorates.

Depression and anxiety directly impact the pathophysiology of
cardiorespiratory diseases leading to elevated cortisol levels (hyper-
cortisolemia) and heightened sympathetic activity.'” Hypercortisolemia
and enhanced platelet activity (associated with depression) lead to
endothelial dysfunction and arterial plaque build-up, and stimulate a
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chronic inflammatory response promoting the progression of athero-
sclerosis.!” Individuals with anxiety and depression demonstrate reduced
heart-rate-variability (HRV) and impaired vagal tone, further adding to
cardiovascular complications.'”

Other complications with anxiety management in conjunction with
CAD include the overlap of symptoms. Anxiety disorders can manifest as
panic attacks marked by the abrupt surge of intense fear or discomfort
that reaches a peak within minutes during which time four or more
symptoms occur.'® Symptoms of panic attacks resemble symptoms
associated with a myocardial infarction such as heart palpitations, chest
pain, and shortness of breath, and can lead a patient to believe an a heart
attack is evolving.'® The main difference is panic attacks will pass,
leaving a person physically unharmed.

Independent of CAD, persons with a panic disorder are known to
exhibit maladaptive behavior changes reducing subsequent panic attack
risk such as avoiding physical exertion.'® With cardiopulmonary pa-
tients, avoidance behaviors are particularly disconcerting because such
avoidance reduces the likelihood of a patient participating in rehabili-
tation programs.'®!°

Depression and anxiety are not always comorbid in response to
chronic disease. Historically, more emphasis is placed on depression.
Recently, investigators are studying the implications of anxiety alone in
conjunction with chronic disease. Their findings demonstrate each
element is a risk factor for the other. After a cardiac event, individuals are
three times more likely to be diagnosed with anxiety.'® Note that anxiety
attacks do not precipitate heart attacks. Nonetheless, anxiety disorders
are associated with sudden cardiac death.?’ One hypothesis suggests
sudden cardiac death risk is in part due to anxiety related to reductions in
HRV. Reduced HRV negatively impacts autonomic tone and places an
individual at higher risk for lethal ventricular arrhythmias.!”

Several anxiety disorder treatments exist either with or without
complications of chronic disease. The most promising treatments with
the fewest side effects is exercise with information gaps existing for ex-
ercise therapy anxiolytic effects. Epidemiologic data are sparse, but
accumulating evidence is promising as scientists propose potential
physiologic mechanisms for exercise as an anxiolytic agent.®

Exercise as a non-pharmacological treatment

Scientific evidence supports using exercise for disease prevention and
treatment of diseases including psychological conditions.>*"?? In sup-
port of psychological benefits of an active lifestyle, healthcare pro-
fessionals are gaining a better understanding of mental health
improvements in diverse patient populations through exercise induced
neuroplasticity.”> Dunn et al. evaluated energy expenditures of
7.0 kcal/kg/week and 17.5 kcal/kg/week to determine whether exercise
is an efficacious treatment for mild to moderate major depressive dis-
orders (MDD).?! Their results demonstrate that an energy expenditure of
17.5kecal/kg/week or equal to the exercise prescription guidelines
established by the ACSM are effective in reducing MDD.?"»*»?> Rately
reviewed current scientific evidence regarding mental health and sup-
ports exercise as a means to improve mood status.”®

No current recommendations exist for an optimal exercise volume to
elicit anxiolytic benefits. Wipfli et al. completed a meta-analysis of forty-
nine randomized controlled trials and established an exercise threshold
for achieving mood-altering exercise benefits.?” The necessary exercise
dose for optimal mental health was an energy expenditure of
12.5 kcal/kg/week. When exercise increased past 12.5kcal/kg/week,
the effect-size magnitude was decreased.?” The duration of a single ex-
ercise session lies on a continuum with greater reductions in anxiety seen
during longer exercise sessions (61-90 min) when compared to shorter
sessions (1-30min and 31-60 min).27 While improvements in mood
were observed for all exercise durations, a minimum duration was not
proposed.

Wipfli et al. considered maximal oxygen consumption (VOgmay) and
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Summary of human and animal studies evaluating a single exercise session and
exercise as an intervention.

Subjects Methods/ Results
First Author Measures/
(Ref #) Intervention
Blumenthal 107 women and men Subjects were 22 patients
et al., 1997 coronary artery randomly assigned  suffered at least 1
(20) diseased patients to a 4-month cardiac event

Droste et al.,
2003 (39)

documented during
mental stress testing
or ambulatory
electrocardiographic
monitoring

Male mice

program of
exercise or stress
management
training

Patients living at a
distance from the
facility formed a
nonrandom, usual
care control
comparison group
Myocardial
ischemia was
reassessed
following a 4-
month program of
exercise or stress
management
training

Patients were
followed annually
up to 5 years to
document cardiac
events, including
death, nonfatal
myocardial
infarction, and
cardiac
revascularization
procedures
Exercise mice had
access to running
wheels and ran
approximately

4 km per night for
4 weeks
Sedentary control
animals did not
have access to
running wheels for
4 weeks

Plasma ACTH and
corticosterone
levels were
measured

In a second
experiment,
responses to
stressful
challenges to
include novel
environment
exposure (mice
were placed in
new cages,
containing clean
sawdust, for

30 min), forced
swimming, or
restraint stress
were evaluated
Blood was
collected
immediately after
a stressful
challenge and
plasma ACTH and
corticosterone
levels measured

during a mean
follow-up period
of 38 months
Stress
management was
associated with a
relative risk of
0.26 compared
with controls
Relative risk for
the exercise group
was also lower
than controls, but
the effect was not
statistically
significant

Stress
management was
associated with
reduced ischemia
induced by mental
stress and
ambulatory
ischemia

Exercising mice's
early-morning
baseline plasma
ACTH levels were
decreased,
whereas plasma
corticosterone
levels at the start
of the dark phase
were twice as high
as control animals
Forced swimming
and restraint
stress, exercising
mice responded
with higher
corticosterone
levels than those
of the

control animals
but had similar
ACTH levels
Voluntary exercise
results in complex,
adaptive changes
at various levels
within the HPA
axis as well as in
sympatho-
adrenomedullary
and limbic/
neocortical
afferent control
mechanisms
These changes
represent the
differential
responsiveness of
the HPA axis to
physical and

(continued on next page)
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Table 1 (continued)

Subjects Methods/ Results Subjects Methods/ Results
First Author Measures/ First Author Measures/
(Ref #) Intervention (Ref #) Intervention
emotional BDNF was decreased
challenges measured in following 1 h of
Dunn et al., 80 adult women and The primary 17.5 keal/kg/ plasma atrestand  recovery
2005 (21) men aged 20-45 years  outcome was the week of energy during prolonged
diagnosed with major  score on the 17- expenditure group rowing
depressive disorder item HRSD,7 had significantly Rasmussen Forty mice divided One group of mice  In mice, exercise
Four aerobic reduced HRSD;, et al., 2009 into five groups of served as a control  induced a three- to
exercise treatment  scores at 12 weeks (35) eight mice per group group and did not fivefold increase
groups that varied over lower energy (Animal) exercise in BDNF mRNA
total energy expenditure of The other mice expression in the
expenditure 7.0 keal/kg/week exercised for 2h hippocampus and
(7.0 kcal/kg/week  or control groups on a treadmill cortex, values
or 17.5 kcal/kg/ No exercise (18m min ' at peaked 2 h after
week) and frequency (3 day/ 10% slope) until exercise
frequency (3days/  week or 5 days/ exhaustion; then termination
week or 5 days/ week) effect at 12 blood was
week) or exercise weeks collected either
control (3 days/ immediately after
week flexibility exercise, or after 2,
exercise 6 or 24 h of
Ferris et al., 15 physically active Subjects BDNF values recovery
2007 (32) women and men performed two increased from LeBouthillier 41 women and Subjects completed Subjects in the
30 min bicycle baseline after the and men volunteers 30 min of aerobic aerobic exercise
ergometer rides at ~ 10% above Asmundson  (no indication of exercise or a placebo group experienced
20% below the ventilatory 2015 (28) physical activity stretching control significant
ventilatory threshold ride level given) Anxiety sensitivity, reductions in all
threshold and at BDNF values did intolerance of dimensions of
10% above not change from uncertainty, and anxiety sensitivity,
ventilatory baseline after the distress tolerance were  but not the control
threshold 20% below measured at baseline, group
BDNF and ventilatory post-intervention and Intolerance of
cognitive function threshold ride 3-day and 7-day uncertainty and
were determined BDNF change did follow-up distress tolerance
not correlate with Measures remained
VOomax but BDNF Anxiety Sensitivity unchanged in
did correlate with Index - self-report exercise and
lactate change measure of fear control groups
BDNF levels were Intolerance of Data supports the
significantly Uncertainty Scale, Short  efficacy of aerobic
elevated in Form - 12-item exercise in
response to measure of intolerance reducing anxiety
exercise, and the relating to uncertainty, in individuals and
magnitude of ambiguity and the highlights the
increase was future importance of
intensity Distress Tolerance Scale  using aerobic
dependent - a 15-item measure of  exercise to address
Wipfli et al., 49 randomized trials Meta-analysis of Exercise groups tolerance of emotional  specific mental
2008 (27) randomized trials showed greater distress health illnesses
and dose-response reductions in Zschucke Subjects were The exercise group
anxiety compared et al., 2015 randomized into either ~ has significantly
with groups (42) exercise on a treadmill reduced cortisol to
receiving other at moderate intensity the MIST
forms of anxiety- (60-70% VOamay) for Higher aerobic
reducing 30 min, or performed fitness had lower
treatment 30 min low-intensity cortisol responses
These results stretching and to the MIST
provide Level 1, relaxation exercises MIST was
Grade A evidence Salivary cortisol and inversely related
for using exercise alpha-amylase were to exercise-
as a treatment for measured induced alpha-
anxiety MIST and neural amylase and
Rasmussen 8 physically active Subjects BDNF release from activations were cortisol changes
et al., 2009 men volunteers completed a single  the brain assessed Higher bilateral
(35) exercise session of  increased two- to hippocampus
(Human) 4 h rowing at a three-fold above activity and lower

work rate of
10-15% below
lactate threshold
Blood samples
were collected
from the radial
artery and the
internal jugular
vein

resting values
during exercise

At rest and during
exercise, the brain
contributed
70-80% of
circulating BDNF
and that
contribution

prefrontal cortex
activity were
found in the
exercise group

Abbreviations: ACTH = Adrenocorticotropic hormone, HPA Axis = hypothalam-
ic-pituitary-adrenal axis, HRSD'” = 17-item Hamilton Rating Scale for Depres-
sion, MDD =major depressive disorder, BDNF = brain-derived neurotrophic

factor, MIST =Montreal Imaging Stress Task, VOym.x = maximal oxygen

consumption.
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found given a low-intensity exercise dose, reductions in anxiety levels
were achieved without significant VOgmax improvements.27 Mood im-
provements (i.e., reduction in anxiety levels) were independent of
VOomayx improvements. This finding is important as any population,
regardless of initial fitness level, can experience improved mood benefits
from exercise.” Such evidence further supports the necessity of dichot-
omizing anxiety and depression as outcome measures given the apparent
differences in exercise dosage for advantageous psychological
effects.?1?7

Future studies for better understanding the effects of exercise anxio-
lytic effects are needed. LeBouthillier and Asmundson conducted a ran-
domized trial evaluating the anxiolytic effects of a single aerobic exercise
session compared to stretching.?® Aerobic exercise participation resulted
in greater anxiety sensitivity reductions post-intervention when
compared to stretching. These results support using exercise to amelio-
rate a pathologically heightened sense of anxiety.?® Table 1 outlines the
results of key studies (human and animal) referenced in this manuscript
regarding the psychologic impact of exercise.

Consideration for future studies should also be given to the impact of
menopause on women's psychological heath regarding the anxiolytic
exercise benefits.> Existing evidence support improvement in quantifi-
able measures of menopausal symptoms, cardiometabolic risk profile
(i.e., lipid profile), and depression; but little analysis of change in anxiety
levels is discussed.>

Current hypotheses on the pathogenesis of anxiety and the effects
of exercise

Studies concerning the exercise health benefits for anxiety do not
provide a complete picture of the true prevalence of anxiety due to the
common avoidance of social interaction and reduced willingness to
engage in novel activities like research participation. Scientists face ob-
stacles in studying mood disorders because efforts are hindered by the
precise symptoms being studied. Also, incomplete understanding of
biological mechanisms behind anxiety disorders exist. Scientists have
developed several biological hypotheses attempting to better understand
the etiology of anxiety.

Brain concentrations of serotonin — the serotonin hypothesis

The serotonin hypothesis is the most widely known and accepted
hypothesis for explaining anxiety and depression.?’ Individuals with
anxiety or depression possess lower brain serotonin concentrations.
Therefore, a common pharmacological treatment uses selective serotonin
reuptake inhibitors (SSRIs) to block the reuptake of serotonin by the
pre-synaptic neuron. Increasing the concentration of serotonin in the
synaptic cleft of brain neurons increases the likelihood of serotonin
binding to receptors.?’

Exercise is believed to provide similar anxiolytic effects under the
serotonin hypothesis. Instead of blocking the reuptake of serotonin by the
pre-synaptic neuron, exercise elevates serotonin levels above sedentary
baseline values.?” Like pharmacological treatments (i.e., SSRIs), the
elevated peripheral serotonin levels post-exercise suggests a positive
association between exercise and anxiolytic effects.>>>”

Scientific investigations are limited to measuring central serotonin in
animal models because direct serotonin measurements (brain serotonin
concentrations) cannot be completed in living human participants.
Fortunately, indirect measurements in humans through blood serotonin
levels provides meaningful information.?”

Scientific investigations concerning exercise as an anxiety treatment
are relatively new. No thresholds are established for exercise intensity or
volume to elicit meaningful effects. Current data suggest an inverse
relationship between duration of exercise and anxiety in individuals with
clinical anxiety disorders.?”
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Brain derived neurotropic factor hypothesis

Brain Derived Neurotropic Factor (BDNF) is a protein and growth
factor influencing maintenance, growth, and neuron survival. The origin
or expression of BDNF is not completely understood, but evidence sup-
ports the neurotrophin's role in memory, cognition, and anxiety
disorders.>!

Multiple studies using animal models provide crucial information
because human brain BDNF concentrations from cortical mass cannot be
directly assessed to determine association with anxiety-like behaviors.
Animal studies demonstrate blood BDNF concentration is strongly
correlated with brain BDNF concentration due to bidirectional transport
across the blood brain barrier, allowing scientists to draw conclusions
about central concentrations when only measures of peripheral concen-
trations are available in humans.>"*? Peripheral blood BDNF concen-
trations are used as non-invasive estimates of brain BDNF concentrations
for anxiety disorders.?

The mechanism for lower brain BDNF levels and the presence of
anxiety is not well understood, but present studies observe reduced blood
BDNF levels in patients with anxiety disorders.>®> Pharmacological
treatments for anxiety disorders result in elevated blood BDNF concen-
trations. Such treatments include the use of anti-depressants, exercise,
and a combination of both.>* To understand the direct impact of BDNF
levels in brain tissue, Rasmussen et al. evaluated brain BDNF and found
mRNA increases following a single exercise session in laboratory rat, and
also report increased hippocampal BDNF and brain BDNF mRNA
following a single exercise session of either voluntary or forced
running.35

Rasmussen et al. also conducted a human trial utilizing 4h of
rowing.> Upper body exercise was chosen to focus on local production of
BDNF from the working skeletal muscle with blood samples taken from
the brachial artery. As a surrogate to analyzing the brain's contribution of
BDNF production, blood samples obtained from the internal jugular vein
were compared to samples from working skeletal muscle and at rest. Two
hours into a 4-h exercise session, neither arterial nor venous BDNF blood
samples differ from resting concentrations. At the conclusion of 4h of
exercise, brachial artery and internal jugular vein BDNF levels were
significantly increased when compared to resting values. BDNF concen-
trations from the jugular vein (indicative of brain-tissue BDNF levels)
were increased two- and threefold from rest. These findings provide two
conclusions. First, the increase in the brain's contribution to circulating
BDNF is likely due to the increase uptake of IGF-1 — precursor to BDNF.
Second, a threshold for BDNF increase was established — an
exercise-intensity with work rate averaging 160 + 38 W for greater than
2h was needed to elicit a significant effect.>® Similar results were found
by Ferris et al. who utilized ventilatory threshold as an intensity indi-
cator.>? Though parameters for a minimal exercise-intensity were not
determined, these data establish an exercise intensity-dependent asso-
ciation with serum BDNF in human participants.>? No information was
found explaining the biological mechanism behind why increased blood
BDNF levels are associated with exercise. Further research is needed
regarding blood BDNF levels with exercise.

Endorphin hypothesis and hypothalamo-pituitary-adrenocortical axis
hypothesis

Identification of the opioid receptor within neural tissue is, in part,
responsible for the naming of the endogenous opioid system as is the
identification of specific naturally produced peptides exhibiting opiate-
like properties. The endogenous opioid group called endorphins is the
best-known example, specifically referred to as the beta-endorphin sys-
tem, and is of interest to scientists given the relationship with physical
activity.36

Cell bodies of the beta-endorphin system are found in two indepen-
dently regulated anatomical systems. The first system involves the hy-
pothalamus while also innervating parts of the brain stem and medulla
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Physiologic Effects:

1. Increased resting heart rate

l\{lod|f|ab|§ /Proposed Mechanisms: Decreased endothelial
Lifestyle Risk ' s ; -
Factors 1. Excessive activation unction
of HPA Axis 3. Decreased baroreflex function
Insufficient serotonin 4. Increased variability in
Chronic Stress production ventricular repolarization
Somatic Symptoms: Upregulation of 5. Increased blood pressure

Signs and
Symptoms of

Clinical Disease 2. Irregular Heartbeat

3. Sweating at rest

4. Dyspnea (Increased SNS
activation) 1. Decreased quality of life
Geneti Decreased vagal tone 2. Increased fear and anxiety
enetic and HRV
3. Increased engagement of

Predisposition

Renin
Angiotensinogen
Aldosterone System

\ and blood pressure
2.

/\varia bility
Ksychological Effects:

/
\

/

poor health behaviors* (i.e.,

smoking, excessive drinking,
sedentary lifestyle)

*Not associated with decreased

Fig. 2. Psychosocial Impact and Physiologic Effect of Chronic Stress.

medication adherence

The relationship between psychological and physiological effects of chronic stress create a positive feedback cycle leading to the development of anxiety and clinical

manifestations of cardiovascular disease.

Abbreviations: HPA Axis = Hypothalamo-Pituitary-Adrenocortical Axis; RAAS = Renin Angiotensinogen Aldosterone System; SNS = Sympathetic Nervous System;

HRV = Heart Rate Variability

The information for developing this figure comes from Mampuya. Cardiovasc Diagn Ther. 2012 (Reference 43) and Pacurari. Int J Inflam. 2014 (Reference 44).

oblongata.® The second system begins with the anterior pituitary gland
and the secretion of beta-endorphin and is closely associated with the
release of adrenocorticotrophic hormone (ACTH). These two substances
are secreted in response to physical stress. Because of equal representa-
tion of blood ACTH and beta-endorphin, present evidence suggests that
post-exercise blood beta-endorphin concentrations are mostly due to
anterior pituitary release.>%

Endorphins released into the bloodstream are taken up by opioid
receptors present throughout the body causing heart rate reductions by
sympathetic inhibition and parasympathetic activation.>® Current evi-
dence support that prolonged submaximal exercise increases the release
of beta-endorphin which lowers post-exercise heart rate and blood
pressure.>® Because of delayed and residual effects of circulating plasma
beta-endorphins, anxiety reductions are likely to elevate post-exercise
beta-endorphins blood concentrations. The resulting lower heart rate
supports the notion of lower anxiety levels in response to altered auto-
nomic regulation.>

Further studies regarding the endorphin hypothesis are needed to
clarify and define possible confounding variables associated with this
hypothesis. For example, because of the similarities in amino acid
sequence existing between ACTH and beta-endorphin, the co-release of
beta-endorphin with the parasympathetic release of ACTH can confound
the accurate detection of beta-endorphin. Though ACTH is a neuro-
transmitter, ACTH is also a stress hormone released by pituitary gland
during exercise. As ACTH's and beta-endorphin's structure are similar,
determining individual physiological impact of each is difficult.>” How-
ever, the main limitation to the endorphin or endocannabinoid hypoth-
esis is that endorphins cannot cross the blood brain barrier, increasing
the difficulty of studying and evaluating endorphins produced centrally
in humans. The ability to study central endorphin production in animal
models helps reduce the literature gap.*”

The hypothalamo-pituitary-adrenocortical axis (HPA) is a complex
system mediating animal and human response to stress.>>*" Scientists
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who reject the notion of the endorphin hypothesis find the HPA axis
theory more plausible. Studies concerning HPA axis suggest that
beta-endorphin is a collateral component of ACTH action and not a prime
mediator. Among the most crucial components of the HPA axis is the
regulation for the release of ACTH from the anterior pituitary gland,
stimulating the release of glucocorticoid hormones, mainly cortisol, from
the adrenal cortex. Along with the release of ACTH is the release of
beta-endorphin as was discussed in the endorphin or endocannabinoid
hypothesis.

Under HPA axis control, plasma stress hormone concentrations such
as cortisol are increased. The body will release cortisol and will elevate
sympathetic activation during exercise. HPA axis is activated when
exercising, and this response is different from activation experienced
during chronic distress. When exercise ends, stimulation of these systems
ends and returns to pre-exercise conditions. Note, the body does not
necessarily acclimate to greater stress levels. Instead, the physiological
systems become more capable of re-establishing homeostasis.*! The body
experiences reduced plasma cortisol concentrations after exercise
training and during a single exercise session.*? These same results have
also been shown in animal models where voluntary wheel running is
related to neural activation of different regions in the brain.*! Therefore,
improved mood status and reduced levels of anxiety are likely attributed
to a better regulation of the HPA axis with the co-release of
beta-endorphin playing a supporting role. The HPA axis hypothesis views
exercise as a means of managing elevated stress levels often associated
with chronic anxiety. Perhaps better addressed as co-dependent hy-
potheses, the endorphin hypothesis and HPA axis hypothesis support the
use of exercise as a treatment even if the biologic mechanism is not
completely understood.

Application to practice

Stress is a modifiable factor currently accounting for 30% of
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attributable risk for myocardial infarction.*® Fig. 2 illustrates the positive
feedback loop between chronic stress, anxiety, and the development of
clinical disease. Chronic stress compromises the optimal function of
various biological processes (renin angiotensin aldosterone system)
including those systems responsible for the homeostatic balance of car-
diovascular and pulmonary function.** For all individuals but especially
cardiac patients, managing stress is an important part of risk factor
modification.

Cardiac rehabilitation programming often offers various stress man-
agement techniques. Utilization of stress management methods is bene-
ficial for reducing the risk of subsequent cardiac events. Blumenthal et al.
evaluated 170 CAD patients and found completion of stress management
programming with exercise reduced the risk of a second myocardial
infarction by 26%.2° A comprehensive cardiac rehabilitation program
should address the mental and physical aspects of chronic disease.

Conclusion

Though the etiology of anxiety is not completely understood, clini-
cians gain insight to a growing number of treatment options including the
most potent medicine — exercise.” Evidence continues to grow in support
of incorporating exercise as an integral treatment option. Particularly
after diagnosis of CAD or COPD, including exercise as part of the medical
management plan improves functional capacity, alleviates symptoms of
anxiety, and improves quality of life.
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