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Evaluating the Impact of Stress on Systemic Disease:

The MOST Protocol in Primary Care
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Mental stress has an enormous impact on physical health.
This impact commonly manifests as headache, muscle
tension, acne, peptic ulcer disease, or a compromised
immune system. Stress is also associated with more serious
adverse effects, such as cardiovascular disease and exac-
erbations of rheumatoid arthritis and systemic lupus ery-
thematosus.

As these effects are far-reaching, it is important for
primary care physicians to identify and manage the symp-
toms of mental stress in their patients. This is increas-
ingly possible with office-based mental stress testing,
which uses cardiovascular markers to identify patients
who are overresponders to mental stress, and, thus, at risk
for stress-induced disorders. Mental stress in this popu-
lation can be managed with nonpharmacologic and phar-
macologic interventions to improve patients’ responses
to stress and decrease morbidity and mortality associated
with this condition.

broad definition of stress is that of an experience in

which the demands of a situation exceed one’s per-
ceived ability to cope; an appraisal concludes with the belief
that one is threatened, thereby initiating a stress response,
including physiologic changes (eg, increases in blood pressure,
heart rate, respiratory rate, output of stress hormones, changes
in blood platelet activity). The stress response varies among
individuals and is impacted by factors that include person-
ality traits, psychosocial support, and affect (eg, depression,
anxiety, anger).

Historically, discussion of the stress response and resul-
tant physiologic alterations centered on acute physical threats.
Today, however, a definition of mental stress and the impact
it may have on systemic disease must incorporate the subtle,
chronic stressors in a patient’s life, such as stress that arises
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from work activities and interactions, interpersonal rela-
tionships, and socioeconomic factors.

Mental stress as an underlying cause of systemic dis-
ease is of particular interest to primary care physicians because
of the subtlety with which stress operates and the range of dis-
orders it can affect. Its impact is devastating to systemic func-
tions and dangerous in that oftentimes its immediate effects
are not apparent. The philosopher Arthur Schopenhauer
once quipped that a person is not conscious of his or her
little toe until the shoe pinches. Likewise, one typically is not
conscious of the intensity of his or her life until there are
undesirable physical manifestations (headache, insomnia,
fatigue, diarrhea, rash, increased blood pressure). Osteo-
pathic physicians may be more likely than most primary
care practitioners to understand this mind-body interaction.

Studies have found that between 75% and 90% of visits
to primary care physicians can be attributed to the effects of
stress,! yet physicians often fail to recognize mental stress
as a causative factor behind many psychophysiologic symp-
toms, resulting in misdiagnosis and mistreatment. This article
focuses on the impact of mental stress in patients as well as
its diagnosis and treatment in the primary care setting.

Stressing the System
The American Institute of Stress! has compiled statistics on the
prevalence and impact of mental stress in the United States
(Figure 1). These data show that mental stress seriously affects
many aspects of daily life and should be treated as an impor-
tant health care concern. None of the body’s organ systems is
exempt from the pervasive effects of mental stress. Headache
is the most common neurologic expression of stress seen in the
clinical setting, along with dizziness, vertigo, and other balance
disorders. Effects of stress on the gastrointestinal system con-
tribute to numerous disorders (eg, peptic ulcer disease,
esophagitis, irritable bowel syndrome). The musculoskeletal
system manifests the effects of stress as muscular tension,
cramping, and other enigmatic syndromes (eg, chronic fatigue
syndrome, fibromyalgia). This interrelationship between the
musculoskeletal system and all other systems of the body is
emphasized in osteopathic medicine.

Dermatologic manifestations (eg, atopic dermatitis, inflam-
matory dermatoses, acne) may be precipitated by mental
stress, and its effects may undermine the immune system,
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Forty-three percent of adults have adverse health effects
attributable to stress.

Between 75% and 90% of all visits to primary care physi-
cians are estimated to be for stress-related complaints or
disorders.

Stress has been linked to all of the leading causes of death
(ie, heart disease, cancer, lung ailments, accidents, cir-
rhosis, suicide).

An estimated 1 million workers are absent on an average
workday because of stress-related complaints, and stress
is estimated to be responsible for more than half of the
550,000,000 workdays lost to absence annually.

Job-related stress is estimated to cost US industry $300
billion annually in absenteeism, diminished productivity,
employee turnover, and medical, legal, and insurance
fees.

Between 60% and 80% of industrial accidents are esti-
mated to be due to stress.

Workers’ compensation awards for lawsuits arising from
job-related stress are on average more than four times that
for regular injury claims.

Figure 1. The prevalence and impact of mental stress in the United
States. (From The American Institute of Stress. Available at
http:lfwww.stress.orgiproblem.htm. Accessed October 1, 1999.)

rendering one more susceptible to the common cold and other
viral and bacterial infections. Stress has also been linked to
exacerbations of rheumatoid arthritis23 and lupus erythe-
matosus.4 Selected effects of stress on the cardiovascular system
are listed in Figure 2.5

Stress and Cardiovascular Disease

The role of traditional risk factors for cardiovascular disease
(CVD) (eg, smoking, obesity, hypercholesterolemia, seden-
tary lifestyle) is well documented. However, not all sudden car-
diac deaths and myocardial infarctions (MI) can be explained
by the presence or severity of traditional cardiovascular risk fac-
tors.6 Although mental stress as a factor in CVD has been
assumed, recent findings validate that mental stress is an
important nontraditional risk factor.

Gullette et al” determined the relative risk of myocardial
ischemia triggered by negative emotions. In this trial, the
occurrence of negative feelings during nonischemic (control)
hours was compared to the frequency of negative feelings
that occurred during ischemic (case) hours, using self-reported
measures of activities and emotions.
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Of 132 patients with coronary artery disease (CAD), 58
patients had ambulatory ischemia—defined as horizontal or
downsloping ST-segment depression of =1 mm for at least 1
minute, compared with baseline—while undergoing 48 hours
of ambulatory electrocardiographic (ECG) monitoring. In the
hour after negative emotions, the relative risk of myocardial
ischemia—adjusted for time of day and activity level—was 2.2
(95% CI, 1.1 to 4.5; P < .05) for tension, 2.2 (95% CI, 0.7 to 6.4;
P < .16) for sadness, and 2.2 95% CI, 1.1 to 4.3; P < .05) for frus-
tration.

The Determinants of Myocardial Infarction Onset Studys
evaluated the role of anger in precipitating nonfatal MI in
1623 patients. This trial demonstrated a twofold increase in the
baseline risk of MI during the 2 hours after episodes of self-
reported anger (relative risk, 2.3; 95% CI, 1.7 to 3.2). Regular
users of aspirin had a significantly lower risk of MI (relative
risk, 1.4; 95% CI, 0.8 to 2.6). Similarly, the Veterans Adminis-
tration Normative Aging Study,® which lasted more than 7
years, found that the relative risk of total coronary heart dis-
ease and of combined incident coronary events was increased
threefold among men who reported high levels of anger.

Numerous psychological and personality dimensions
may factor into risk for coronary heart disease. The patient
with mental stress due to certain personality traits or emo-
tional lability must be distinguished from the patient with a
mood disorder (eg, depression, anxiety). Nemeroff et al0 pub-
lished an excellent review of the relationship between depres-
sion and cardiac disease, noting that depression and other
mood disorders are underdiagnosed and undertreated in
patients with CVD.

Depression appears to be a biological risk factor for devel-
opment of CAD and for death after MI. Musselman et al!
identified enhanced susceptibility to platelet activation as the
mechanism by which depression may contribute to an
increased risk for CVD. In a study comparing in vivo platelet
activation, secretion, and dose-response aggregation in patients
with depression and a control group, patients with depression
had increased susceptibility to platelet activation. In addition
to modifications in platelet reactivity, depressed patients may
be vulnerable to CVD due to alterations in heart-rate vari-
ability.10

Correlation of Laboratory Mental Stress-induced
Ischemia With Ambulatory Ischemia and
Cardiovascular Events
As mental stress in daily life leads to increased cardiovascular
events, investigators have attempted to identify patients at
risk for stress-induced CVD using laboratory mental stress
testing. If a patient’s response to office-based mental stress
testing can predict risk for cardiovascular events, perhaps the
causative mechanisms could be defined and effective treat-
ment instituted.

The Psychophysiologic Investigations of Myocardial
Ischemia (PIMI) Study2 investigated three such issues: (1) the
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Figure 2. The cardiovascular consequences of mental stress in the United States, compiled by the American Institute of Stress. (Reprinted with
permission of The McGraw-Hill Companies. Boone JL, Christensen JF. Stress and disease. In: Feldman MD, Christensen JF, eds. Behavioral
Medicine in Primary Care: A Practical Guide. Stanford, Conn: Appleton & Lange; 1997:265-276.)

relationship between mental stress-induced ischemia and
ischemia during daily life and physical exertion; (2) whether
patients with daily life ischemia have augmented hemody-
namic and catecholamine responses to mental or physical
stress, compared with those without ambulatory ischemia;
and (3) whether patients with daily life ischemia could be
identified using mental or physical office-based stress testing.
One hundred ninety-six patients with documented CAD and
a positive exercise test underwent mental stress and bicycle
exercise testing. The mental stress tests included a speech test
in which patients were given 1 minute to compose and then
deliver a 5-minute speech while being evaluated by laboratory
staff, and a Stroop Color-Word Test in which subjects had to
quickly interpret and match confusing information on a com-
puter screen. Patients were monitored using radionuclide ven-
triculography and ECG during these mental and physical
stress tests. Patients also underwent 48 hours of ambulatory
ECG monitoring.

Results indicate that patients who had mental stress
ischemia in the laboratory (58%) were more likely to have
daily life ischemia than patients without mental stress ischemia
despite similar exercise test results. During mental stress,
patients with daily life ischemia had higher ejection fraction and
cardiac output and a lower systemic vascular resistance, com-
pared with patients without ambulatory ischemia; patients
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with daily life ischemia also displayed a higher ejection frac-
tion during rest and at peak exercise.

As patients with ambulatory ischemia had higher resting
hemodynamics and exaggerated hemodynamic responses to
mental stress, it is believed that these patients may chroni-
cally sustain a higher level of sympathetic arousal. More than
80% of patients with ST-segment depression during the speech
test (mental stress) had daily life ischemia, while nearly 50%
of patients with ST-segment depression during the bicycle
test had daily life ischemia. A trial by Krittayaphong et al13
showed similar results: Heart rate response during labora-
tory-induced mental stress correlates with the magnitude of
ischemia on ambulatory ECG monitoring in patients with
CAD.

A recent trial by Krantz et ali4 further demonstrates that
laboratory mental stress testing is a useful means of assessing
cardiovascular prognosis in patients with CAD. Using mental
arithmetic and public speaking stress tests, this trial found
that 44% of patients with mental stress ischemia had new car-
diac events (eg, cardiac death, nonfatal myocardial infarction,
revascularization procedures) more frequently than patients
without mental stress ischemia (23%; P =.048).

In a trial of patients with implantable cardioverter-defib-
rillators, Lampert et all5 demonstrated that ventricular arrhyth-
mias have a faster onset and are more difficult to terminate
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Checklist

life.

activities:
— Prayer

— Spiritual retreat

— Clarify values.

Figure 3. Nonpharmacologic mea - stressors.
sures to improve patients’ percep -
tion of stress. (Adapted with per -
mission of The McGraw-Hill
Companies. Boone JL, Christensen
JF. Stress and disease. In: Feldman
MD, Christensen JF, eds. Behavioral
Medicine in Primary Care: A Prac-
tical Guide. Stanford, Conn:
Appleton & Lange; 1997:265-276.)

techniques.

treatment.
— Help others.

W Interventions related to mental stress
perception and coping

[J Improve time management.
[J Improve sense of humor.

[ Pursue personal and vocational
activities consistent with life values.

[] Explore the meaning and purpose of

[J Cultivate spiritual and transcendent

— Communal religious observances

— Seasonal ritual celebrations
— Increase emotional self-disclosure.
— Pursue short-term psychotherapy.

— Cultivate social support network.
— Increase assertiveness.
— Reduce exposure to unnecessary

— Practice meditation or biofeedback

— Monitor sensory input.
— Consider osteopathic manipulative

W Interventions for treatment
of stress-induced high blood
pressure

[ Pursue daily aerobic exercise.

[ Improve physical fitness and
stamina.

[] Reduce excess body weight and fat.

[] Reduce alcohol intake to >1 ounce
per day.

[] Reduce dietary sodium.

[] Increase dietary potassium, calcium,
and omega-3-rich fish.

during mental stress testing (mental arithmetic and anger
recall). This trial linked sympathetic arousal to the increased
incidence of arrhythmic events in patients undergoing mental
stress testing, as norepinephrine levels increased significantly
during psychologic stress.

Neurohormonal Responses to Mental Stress: Defense
and Defeat Reactions
It is the neurohormonal responses elicited by mental stress
that lead to increased cardiovascular risk. These neurohor-
monal responses are known as the defense and defeat reactions.
The defense reaction is a natural and necessary instinct in
life that enables one to respond to stressful situations. It is
known that this response (also known as the “fight-or-flight”
response) is induced in life-threatening situations. This response
can also be mildly activated in response to smaller stresses
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found in the mentally engaging activities of ordinary life. The
defense reaction causes sympathetic activation with resulting
increases in blood pressure, heart rate, cardiac output, and
skeletal muscle blood flow, concurrent with vasoconstriction
in the kidneys, splanchnic, and skin vasculature.

Despite the benefits of the defense reaction in appropriate
situations, excessive and intense repetition of this response
accelerates psychophysiologic reactions in the organ systems,
which may precipitate adverse cardiovascular events, such
as heart disease and stroke. Excessive neurohormonal
responses to stress are believed to involve coronary flow, lipid
metabolism, blood coagulation, and thrombocyte and endothe-
lial cell function.16

The defeat reaction, mediated by cortisol, is induced by
periods of prolonged mental stress that tend to overwhelm
coping mechanisms and eventually result in feelings of hope-
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lessness and despair. It is characterized by increased levels of
circulating corticosteroids, catecholamines, and opoids as well
as decreases in growth hormone and prolactin.5

Although a direct connection is not proven, similar
endocrine abnormalities are associated with increased vis-
ceral fat accumulation and insulin resistance, which are impor-
tant cardiovascular risk factors.1” In addition to serious adverse
effects on the gastrointestinal tract (ie, increased pepsin, gas-
tric ulcers) and immune system suppression, hemodynamic
changes that contribute to cardiovascular disease occur with
the defeat reaction. These include vasoconstriction, which
causes a rise in blood pressure levels, and a slowed heart rate.
Thus, the defeat reaction can be equally—and sometimes
more—devastating to health and survival as the defense reac-
tion.

Early dlinical recognition and treatment of both the defense
and defeat responses to stress may prevent a variety of ill-
nesses and protect against the possibility of premature death.
Office-based tests used to determine the response to mental
stress may be as important as traditional evaluations of choles-
terol, blood pressure, and blood glucose levels as well as body
weight.

The MOST Protocol

The response to mental stress testing in the office or laboratory
can identify patients who are sympathetic overresponders
and who are thus at risk for CVD.1215 Over the past decade, the
Mental Office-based Stress Testing (MOST) protocol has been
used to evaluate physiologic responses to mental stress. The
MOST protocol includes simple, cost-effective tests that are
done in the physician’s office. By measuring alterations in
blood pressure levels and heart rate—both clinically acces-
sible psychophysiologic responses to mental stress—the MOST
protocol is able to identify patients with sympathetic hyper-
reactivity.18

This protocol includes the following components: (1) base-
line assessment in which blood pressure level and heart rate
are measured at rest in the sitting position; (2) relaxation assess-
ment (deep-breathing relaxation); and (3) stress assessment.

In the relaxation assessment, the patient is asked to breathe
deeply and consistently for 5 breaths over 15 seconds; blood
pressure level and heart rate are measured at the end of the final
breath.

The stress assessment consists of three tests. The firstis a
mathematics challenge in which patients are asked to serially
subtract 7 from 777 (eg, 777,770, 763, 756) with blood pressure
measurements taken after 1 and 3 minutes of subtraction. The
second stress assessment is the cold pressor test, which involves
inserting the patient’s hand into ice water past the wrist while
blood pressure level and heart rate are taken in the opposite
arm within 60 seconds. The grip challenge is the last of the
stress assessments. This isometric test requires patients to hold
30% of maximum handgrip while blood pressure level and
heart rate are taken in the opposite arm within 60 seconds.
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These mental and physical stress tests have been used in
clinical trials to evaluate sympathetic reactivity as well as
hemodynamic responses of antihypertensive classes and
agents.14151922 The stress response induced by these tests is
mediated by increased sympathetic outflow, resulting in
increased mean arterial pressure due to increased cardiac
output, accelerated heart rate, and increased systolic and dias-
tolic pressure.192023 Furthermore, patients with CVD have
greater hemodynamic responses to such tests.242 Studies have
shown that office-based mental stress tests more closely approx-
imate average ambulatory blood pressure than casual office-
based blood pressure level measurements.23

Assessment of results from the MOST protocol includes
an evaluation of baseline, peak, and change from baseline
blood pressure levels and heart rate responses to stress. These
measures are used to predict ambulatory blood pressure levels
and heart rate oscillations during stressful times throughout the
day.26 The theory that underlies the MOST protocol is that
the absolute values of blood pressure and heart rate at baseline
and at peak levels during mentally stressful activity, as well as
the change in these measures from rest to stress, may have clin-
ical diagnostic and prognostic significance. For example,
patients with a stress increase in blood pressure from 100/60
mm Hg to 140/90 mm Hg and a stress increase in heart rate
from 60 beats/min to 90 beats/min may require attention
despite apparently normal blood pressure levels and heart
rate values. Patients with a resting blood pressure greater than
130/85 mm Hg and a resting heart rate of more than 80
beats/min should receive clinical intervention independent
of increases in blood pressure and heart rate elicited by MOST
protocol testing.

Treatment Strategies

Once patients with sympathetic hyperreactivity are identified
in clinical practice, nonpharmacologic and pharmacologic
interventions can be instituted to reduce the risk of CVD.
These interventions not only target reduction of blood pressure
levels and heart rate directly, but also improve a patient’s
skills in coping with stress. After treatment is instituted, ther-
apeutic effectiveness can be evaluated over time by repeat
office-based stress testing. As a patient’s stress response
improves as the result of these interventions, MOST protocol
hemodynamic measures also should fall. Furthermore, as
stress-related increases in blood pressure level and heart rate
fall, other physiologic signs of stress in the body (eg, headache,
irritable bowel, anxiety, sleeplessness) should improve.

Patient Communication, Nonpharmacologic and
Pharmacologic Measures

Patient Communication

Effective communication with patients about the impact and
management of stress is an important first step in treatment.
As patients understand and accept their condition, the poten-
tial for treatment compliance is greatly enhanced; however,
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Figure 4. The pharmacologic treatment of blood pressure elevations
related to stress: rank-order of medications for control of sympa -
thetic hyperreactivity. (Reprinted with permission of The McGraw-Hill
Companies. Boone JL, Christensen JF. Stress and disease. In: Feldman
MD, Christensen JF, eds. Behavioral Medicine in Primary Care: A Prac-
tical Guide. Stanford, Conn: Appleton & Lange; 1997:265-276.)

describing the role of stress in illness to patients is difficult. It
is a common misconception that if a symptom or disease is
stress-related, it is all in the patient’s head and not to be taken
seriously. It is, therefore, crucial to avoid conveying this mis-
conception to patients. Indeed, it is likely that between 75% and
90% of reported symptoms in clinical practice are stress-related,!
thus supporting a real connection between stress and disease.
The current paradigm of stress analysis in clinical practice
may benefit from new terminology in communicating with
patients. Some suggest applying the term intense or hot reactor
to the patient, rather than stressed, as the latter implies a fault
in the patient. Patients may more readily accept a discussion
of the intensity of their lives as it relates to stress and disease,
rather than approaching stress and its negative connotations
directly. The goal of this delicate communication process is to
assist the patient in appreciating the mind-body connection. Fur-
ther, using the MOST protocol to assess stress levels in clinical
practice confines discussion of stress to objective clinical criteria.
This approach may be less threatening to the patient than a dis-
cussion with more psychologic or psychiatric overtones.

Nonphamacologic Measures

A review of the patient’s coping skills is facilitated once the
physiologic effects of stress are established. Education on non-
pharmacologic interventions aimed at improving the patient’s
perception of stress and stress-coping mechanisms, as well as
reducing blood pressure levels related to stress, can be initiated.
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Figure 5. Pharmacologic treatment guidelines and outcome goals.
(Reprinted with permission of The McGraw-Hill Companies. Boone JL,
Christensen JF. Stress and disease. In: Feldman MD, Christensen JF, eds.
Behavioral Medicine in Primary Care: A Practical Guide. Stanford,
Conn: Appleton & Lange; 1997:265-276.)

Psychotherapeutic interventions may include stress reduction
techniques (eg, meditation, hypnosis), relaxation training, and
biofeedback. In addition, clinical psychosocial management
should include education regarding cardiac risk factors and
identification of social and environmental stressors. Figure 3 lists
these and other nonpharmacologic measures.5
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