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Stress and Acute Coronary Syndrome

Shereif H. Rezkallaa, d, Robert A. Klonerb, c

Abstract

A plethora of risk factors, such as hypercholesterolemia, smoking, 
hypertension, and others lead to the progression of coronary athero-
sclerosis. Vulnerable plaques are formed, and rupture of such plaques 
results in the development of myocardial infarction. Great progress has 
been made in the medical community’s focus on management of risk 
factors, with clear improvement in the incidence and outcome of myo-
cardial infarction. However, triggers of plaque rupture, which include 
significant physical and mental stress, need more attention. In this re-
port, we focused on the effect of emotional stress in triggering various 
acute cardiac events. Natural disasters such as earthquakes result in 
significant emotional stress, and have been associated with substantial 
increases in cardiac death and acute myocardial infarction. This is more 
pronounced with severe events, particularly if they occur in the early 
morning hours. Anger and severe emotional stress from various life 
events, particularly from stressed marital relations or stressful working 
conditions, will result in markedly increased occurrence of myocardial 
infarction. This is more pronounced in patients with known coronary 
artery disease or significant risk factors. Providers need to focus on 
management of stress during hospitalization for myocardial infarction, 
as well as in the rehabilitation phase of such events.
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Introduction

Plaque rupture is the major cause of acute myocardial infarc-
tion and appears to be the dominant mechanism in at least three-
quarters of acute events [1]. A vulnerable plaque is character-
ized by a large necrotic core, a thin fibrous cap, intra-plaque 
hemorrhage, and an infiltration of inflammatory cells [2]. A 

plethora of risk factors, such as dyslipidemia, hypertension, 
smoking, diabetes, and a variety of genetic predispositions, lead 
to the development of vascular plaques. Stress, either physical 
or emotional, is a trigger for acute coronary events, including 
plaque rupture, with the final development of myocardial infarc-
tion and acute coronary syndromes [3]. The purpose of this pa-
per is to describe the types of triggers that have been associated 
with acute coronary events, with emphasis on triggers that cause 
acute episodes of psychological and/or physical stress. The pa-
pers reviewed were chosen from a literature search performed 
on PubMed using key terms including “acute cardiac event,” 
“emotional stress,” “physical stress,” “natural disasters,” and 
“Takotsubo cardiomyopathy,” and included studies published in 
peer-reviewed journals. Because of the nature of the events re-
ported, most of these studies do not have a typical control group 
and are descriptive in nature, and the authors recognize this as 
a potential limitation. This report will focus on various types of 
stress and awareness of these triggers, which may help avoid the 
development of these events, particularly in people who have 
known coronary artery disease or are vulnerable to the develop-
ment of coronary atherosclerosis.

Mechanisms

How does acute psychologic or physical stress trigger an acute 
coronary event? When the brain perceives stress, there is a 
stimulation of the sympathomimetic pathway, leading to the 
firing of sympathetic nerves, as well as the release of adrena-
line (epinephrine), a neurotransmitter and hormone involved 
in the “fight-or-flight” response. Adrenaline can increase oxy-
gen demand of the heart by increasing heart rate, blood pres-
sure, and contractility. Sympathetic nervous system activation 
and the release of adrenaline from the adrenal glands prepare 
the body to respond to stress; however, at the same time, these 
actions may have deleterious consequences, especially if there 
are limitations of oxygen delivery due to narrowed blood ves-
sels caused by atherosclerosis. An increased need for oxygen 
in the setting of reduced supply can lead to myocardial is-
chemia, myocardial infarction, and ischemia-induced arrhyth-
mias. In addition, sudden increases in blood pressure and car-
diac contractility may lead to atherosclerotic plaque fracture. 
Moreover, overstimulation of the sympathetic nervous system 
can result in the release of norepinephrine, a neurotransmitter 
that can induce constriction of blood vessels, further limiting 
oxygen delivery to vital organs. Sympathetic stimulation can 
promote platelet production and activation, as well as increase 
clotting factors, which may further contribute to events such as 
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acute myocardial infarction under stress [4].
It is now well recognized that acute mental stress, such as 

a standardized public speaking task, can induce a decrease in 
endothelial function, a decrease in arterial flow-mediated va-
sodilatation [5]. Those patients who show worsened flow-me-
diated vasodilatation during mental stress and a greater degree 
of peripheral vasoconstriction to mental stress are more prone 
to adverse cardiac events [6, 7]. Impaired microvascular func-
tion associated with stress is also prominent in women with no 
obstructive coronary artery disease [8].

Another reported mechanism for acute coronary syndrome 
that may involve acute stress is spontaneous coronary artery 
dissection (SCAD). In a review conducted across 30 medical 
centers between 2011 and 2017, 83 documented cases of SCAD 
were reviewed. The SCAD was often associated with physical 
or emotional stress, particularly in women under 50 years of 
age. Clinical presentations were mainly myocardial infarction, 
ventricular arrythmias, and other cardiac events [9]. SCAD can 
occur spontaneously without obvious triggers or the usual risk 
factors such as underlying atherosclerosis, but it has been as-
sociated with fibromuscular dysplasia and pregnancy. In fact, it 
is one of the leading causes of myocardial infarction associated 
with pregnancy. Therapy is variable and may include medical 
therapy, allowing the dissection to heal, antihypertensive medi-
cines, anti-clotting medicines, and in severe cases, stenting.

Finally, there is increasing evidence that stress (especially 
chronic stress) stimulates the amygdala of the brain as shown 
by 18F-fluorodesoxyglucose-positron emission tomography 
(18FDG-PET) imaging. This increased brain activity promotes 
bone marrow activity leading to leukopoiesis or an increase in 
immune cells. This increase in immune cell activity then pro-
motes inflammation of the blood vessel walls, contributing to 
atherosclerosis. Heightened stress-related neural activity was 
also shown to correlate with vulnerable plaque characteristics 
and an increase in major cardiovascular adverse events [10]. 
Higher amygdala activity was also associated with Takotsubo 
syndrome [11].

Stress in Laboratory Studies

A certain breed of apolipoprotein E-deficient (ApoE-/-) mice 
are known to have extensive arterial atherosclerosis with de-
velopment of vulnerable plaques and elevated likelihood of 
plaque rupture. Roth et al [12] studied 56 mice and observed 
them for 15 weeks. Mice were divided into a control group 
or stress group. Stress was achieved with water deprivation, 
damp bedding, or physical restraints. Mice under stress had 
more atherosclerotic lesions and more histologic features of 
vulnerable plaques. This resulted in more cases of myocardial 
infarction and increased mortality in the stress group. We will 
review the effect of stress in humans.

Stress in Humans

Risk factors such as high cholesterol, hypertension, smoking, 
diabetes, family history, and others lead to the formation of 

atherosclerotic arterial plaques - characterized by a large ne-
crotic core, thin capsule, calcification, and acute inflamma-
tion - forming vulnerable plaques that, when exposed to trig-
gers, will lead to plaque rupture and the development of acute 
coronary syndromes [2]. Triggers may be acute, secondary 
to physical and/or emotional stress, or subacute related to 
immune or inflammatory response from infection, with the 
development of coronary events within hours to weeks of 
the stimulus [13]. This report discusses effects of emotional 
stress on the triggering of myocardial ischemia and infarc-
tion. Patients with known coronary artery disease underwent 
48 h of ambulatory electrocardiographic monitoring. Men-
tal stress, such as tension, sadness, and frustration, doubled 
the incidence of coronary ischemia [14]. It also stimulates 
adrenaline release with increases in heart rate, blood pres-
sure and cardiac contractility. The increase in heart rate and 
blood pressure increases the double product, and in the set-
ting of reduced coronary flow, results in ischemia. Acute 
emotional or physical stress may also increase shear stress 
on the blood vessel wall, putting significant stress on vulner-
able plaques, which leads to their rupture and development 
of acute coronary syndromes [15]. In addition, there is an 
increase in platelet aggregation and development of coro-
nary spasm, which will potentiate ischemia [16]. Jiang et al 
[17] conducted a prospective study to investigate the effect 
of mental stress in patients with documented coronary ar-
tery disease. In the study, 125 patients with exercise-induced 
myocardial ischemia were followed for 5 years. Patients who 
had mental stress-induced ischemia had significantly higher 
rates of cardiac events, suggesting that emotional stress is 
particularly impactful in patients with known coronary artery 
disease, and this may be related to occurrence of ischemia. 
Some chest abnormalities such as concave chest may be asso-
ciated with a lower risk of cardiac event [18], while patients 
with known significant risk factors are at a greater risk of 
developing myocardial ischemia. A timed administration of 
beta-blockers may reduce the effects of stress-induced acute 
coronary events [19]. We will discuss specific stressful situ-
ations and the relationship between these events and the de-
velopment of acute myocardial infarctions and various acute 
coronary syndromes.

Natural Disasters

Natural disasters present a common situation where stress af-
fects a large community with sudden emotional and physical 
stress. A common natural disaster that is well studied is a ma-
jor earthquake resulting in increased cardiac events such as 
cardiac death and myocardial infarction [20]. A combination 
of significant physical exertion with intense mental stress, re-
sulting in sudden catecholamine release and increased platelet 
aggregation will lead to plaque rupture with acute coronary 
syndromes, which may end with sudden death [19]. Other car-
diac events that have been associated with earthquakes include 
cardiac arrhythmias, Takotsubo cardiomyopathy, and pulmo-
nary embolism.

In the summer of 1978, an earthquake measuring 6.4 mag-
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nitude on the Richter scale, affected the city of Thessaloniki, 
Greece. Following the event, there was a significant increase 
in cardiac death, particularly in patients with underlying ath-
erosclerotic coronary disease [21]. Similar results were noted 
in the earthquake that hit Armenia in 1988 [22]. Of interest 
is the increase in the rate of cardiac death for several months 
following the event. In the great 2011 earthquake of Japan, 
which was associated with a tsunami and tremendous property 
damage [23], the increase in cardiac mortality continued for 
weeks after the event. One of the well-studied events was the 
Northridge earthquake in Los Angeles, California. In January 
1994 at 4:30 am, an earthquake with a magnitude of 6.7 on the 
Richter scale occurred in Southern California. Being a busy ur-
ban area, significant damage occurred, waking people up in the 
very early morning hours. There was a statistically significant 
increased risk for cardiac death [24] and myocardial infarction 
[25]. Most of the cardiac events occurred in people with known 
coronary artery disease. While most, but not all, earthquakes 
are associated with increased cardiac events, it seems that the 
more severe the earthquake, the higher the number of cardiac 
events. The time of the events also plays a role. In general, the 
early morning hours represent the period of increased platelet 
activation and highest rate of myocardial infarction and sud-
den cardiac death [26]. Thus, a strong earthquake that occurs 
in the early morning hours may be associated with the highest 
rate of cardiac events.

Other natural disasters such as intense heat waves [27] and 
blizzards [28], can also lead to intense catecholamine release 
and trigger acute myocardial infarction [29]. While it is not al-
ways possible to predict such disasters, future planning should 
include adequate cardiac resources to deal with these various 
cardiac events.

Hurricanes and Cardiac Events

Global warming has led to an increase in hurricanes and relat-
ed events. In the last two decades, the incidence of hurricanes 
and severe storms has increased by 37% [30]. During such na-
tional disasters, there is an increase in the incidence of acute 
myocardial infarction, cardiac death, and stroke. A unique fea-
ture related to hurricanes is that the increase in cardiac events 
lasts for a prolonged amount of time. Hurricanes lead to signif-
icant changes in the community, affecting medical care, health 
insurance, medication availability, and compliance. During 
Hurricane Sandy, the increase in cardiac events lasted for 2 
weeks [31]. Hurricane Katrina was associated with significant 
changes in the community, and the increase in cardiac events 
lasted for up to 6 years [32]. In planning for such disasters, it is 
essential to plan for appropriate medical resources, particularly 
for cardiovascular care.

Emotional Stress of Sporting and Cardiovascu-
lar Events

Major sporting events are usually associated with significant 
increases in emotional stress among sports fans. Wilbert-

Lampen et al [33] examined cardiovascular events in the 
greater Munich, Germany area during the 2006 Soccer World 
Cup in June and July, when the German team was playing. 
There was a significant increase in the number of ST-elevation 
myocardial infarction, non-ST elevation infarction, and symp-
tomatic arrhythmias during the days of the game compared to 
a control period. Similar results were reported during Super 
Bowl games, particularly when the losing team was playing in 
its hometown [34]. Intense emotional stress associated with an 
intense catecholamine surge will likely destabilize atheroscle-
rotic plaques [35, 36]. While difficult to control, reasonable 
precautions may be considered in patients with established 
coronary artery disease. Patients should be advised to be cur-
rent in their medications, particularly beta-blockers. They 
should be advised to avoid active and passive smoking, over-
eating, high-salt and fatty foods and overexcitement during 
intense sporting events.

Anger and Emotional Impact

In the 1980s, Tofler et al and the MILIS Study Group con-
ducted a multi-center investigation of the limitation of myo-
cardial infarction (MILIS study) [37]. They documented a 
circadian variation in the occurrence of myocardial infarction, 
which suggested that infarction is not a random event, but an 
event that is triggered by some other factors. In a careful his-
tory of 849 patients, 18.4% of them had an emotional stress 
that preceded the onset of the infarction. The emotional stress 
included emotional upset, lack of sleep, and major surgery, as 
well as other stressful categories. Years later, a review of 1,623 
patients who presented with acute myocardial infarction were 
interviewed within 4 days of the onset of the event. Of these 
patients, 2% experienced anger within 2 h of the event, and 
a total of 8% experienced anger within 24 h of the infarction 
[38]. Regular use of aspirin and perhaps use of beta-blockers 
appeared to be protective for the development of myocardial 
infarction following outbursts of anger. Years later, the same 
group reported on a similar cohort of 3,886 patients [39]. The 
incidence of myocardial infarction was more than two-fold 
higher within 2 h of the onset of an outburst of anger, and the 
greater the intensity of anger, the higher the risk of developing 
the infarction. In this report, it was clear that beta-blocker use 
was associated with lower susceptibility to the development of 
heart attack. In a review of similar studies, outbursts of anger 
were associated with increased incidence of myocardial infarc-
tion in the 2 h following the onset of anger. The incidence was 
independent of the degree of risk factors, suggesting that anger 
was the independent trigger of the event [40].

Grief over the death of a close person was yet another trig-
ger of myocardial infarction. The risk of acute cardiac events 
was elevated 21-fold in the first 24 h after the onset of grief 
[41]. The deleterious effect of grief was more pronounced in 
patients with high cardiovascular risk factors.

The exact mechanisms of anger, grief, and various events 
leading to severe emotional stress in causing acute myocar-
dial infarction are not clear. It is likely related to intense sym-
pathetic nerve stimulation with the increase in heart rate and 
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elevated blood pressure, leading to elevated double product. 
Poor compliance with medication, such as missing beta-
blocker medication doses, may contribute to the increased 
risk. One important study suggests that anger and severe 
emotional stress lead to coronary vasoconstriction. Boltwood 
et al [42] studied 12 patients during coronary angiography 
in a setting of myocardial ischemia. During the angiogram, 
and when the patients recalled an event that caused anger, 
there was a decrease in the diameter of the coronary artery 
at the diseased coronary segment. The vasoconstriction was 
more pronounced when the anger scale was elevated. That 
vasoconstriction was present in the coronary segments with 
underlying atherosclerosis may explain the deleterious effect 
of anger in patients with known coronary disease or with in-
creased coronary risk factors.

An important trigger for increased cardiac events is mari-
tal stress. The reason for emphasizing this type of trigger is 
because it occurs in a well-defined group of patients. Contrary 
to increased stress from earthquakes and other natural disasters 
that are unpredictable, marital stress can be easily identified, 
and a management plan can be considered. Orth-Gomer et al 
[43] studied a group of 292 consecutive females with a mean 
age of 56 years, who were hospitalized for acute myocardial 
infarction. Patients were prospectively followed for about 5 
years. The degree of marital stress was assessed by trained be-
havioral scientists using the Stockholm Marital Stress Scale. 
In women with a high marital stress score, there was a 2.9-
fold increase in cardiac events, including cardiac death, recur-
rent myocardial infarction, and revascularization. It seems that 
two mechanisms were responsible for this finding. The first 
mechanism was poor adherence to a healthy lifestyle and poor 
compliance with medications. The second factor was the nega-
tive effect of stress in neuro-endocrine regulatory functions, 
with many side effects, such as increased blood pressure. At-
tempting to pay attention to these negative mechanisms may 
help diminish the increase in cardiac events.

Snow Shoveling

There is a clear increase in the incidence of acute myocardial 
infarction and cardiac death during severe snowstorms and 
blizzards. These events appear to be related to the physical 
activity of removing the snow but not necessarily related to 
the effect of decreased air temperature [28]. The majority of 
reports were from the Midwest, with an increase in cardiac 
events in the days following a storm [44-47]. The incidence 
is higher in men, and there is no clear difference in the clini-
cal features or risk factors between myocardial infarctions 
during snowstorms and those occurring during control pe-
riods. The incidence appears to be related to the degree of 
physical activity rather than to the degree of cold weather. To 
investigate the effects of significant physical exertion during 
snow removal in healthy men, Franklin et al [48] measured 
heart rate, blood pressure, and oxygen uptake in 10 healthy 
volunteers. Each individual subject cleared two 10-cm-high, 
15-cm-long tracts of wet, heavy snow in cold weather. The 
effort of snow removal rivaled that of maximal treadmill 

testing. This may help explain why performing substantial 
amounts of snow removal during severe storms - particularly 
in people with known coronary disease - may increase the 
incidence of coronary events during blizzards. These events 
in published reports were more prevalent in men, particularly 
in those with known coronary artery disease. Snow shoveling 
is associated with increased oxygen demand and may also 
contribute to the rupture of coronary plaques. Hammoudeh et 
al [49] performed angiography in 15 patients who developed 
acute myocardial infarction during the blizzard and snow-
storms in New Jersey in 1996. Nine patients had evidence 
of atherosclerotic plaque rupture, and six patients showed 
evidence of coronary thrombosis. This report was unique in 
describing the pathology of snow-induced coronary events in 
live patients. A summary of various triggers for acute coro-
nary events is depicted in Figure 1.

Seasonal Variations and Cardiac Events

In most studies, acute myocardial infarction may increase 
during the winter months. Multiple factors may be respon-
sible for this finding, including increased cardiac workload, 
higher blood pressure, and elevated fibrinogen during the 
winter season. Particularly alarming is the significant in-
crease in mortality in patients who develop acute myocardial 
infarction during the winter months [50]. Kloner et al studied 
cardiac death between the years 1985 and 1996 in southern 
California, an area known for its mild winters. The highest 
cardiac mortality occurred during the months of December 
and January [51]. It is possible that in addition to the expect-
ed risk of winter temperatures, the increased mental stress 
during these months associated with the winter holiday sea-
son may play a role in the increased rate of coronary artery 
disease mortality.

Takotsubo Cardiomyopathy

Takotsubo cardiomyopathy is a syndrome described over three 
decades ago that may resemble acute coronary syndromes. 
This syndrome is triggered by severe physical or emotional 
stress that results in severe left ventricular dysfunction with 
characteristic apical ballooning. While the exact mechanism 
is still not clear, it seems that significant catecholamine surge 
leads to acute myocyte dysfunction, microvascular damage, 
and even transient coronary artery obstruction [52]. The syn-
drome is most common in women. Some of the emotional 
stressors that have been described to trigger Takotsubo car-
diomyopathy include depression, fear of speech, robbery, fear 
of surgery, move to another city, change in job, debt, grief, 
arguments with family members, natural disasters, and car ac-
cidents [53]. Surprisingly, even certain positive events may 
trigger the syndrome, including winning a lottery jackpot, 
birthday party, wedding, birth of a grandchild and others. All 
of these emotional triggers are associated with an increase in 
sympathetic activity which may lead to a catecholamine surge. 
While most cases are reversible, during the acute phase, some 
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cases may be fatal. Definitive diagnosis usually is achieved by 
two-dimensional echocardiography and coronary angiography.

Conclusions

Most primary care providers and many patients are well aware 
of coronary risk factors, and in general, they implement these 
preventative measures quite well [54]. This may explain the 
progress in cardiac care in developed countries. This report, 
however, focused on triggers of myocardial infarction and the 
entire scope of acute coronary syndrome. Natural disasters, 
such as earthquakes, are an important trigger of cardiac death 

and myocardial infarction. It is important that in planning for 
such disasters, adequate cardiac care should be arranged to 
manage the increased demand during these situations. There is 
evidence in the literature that stress reduction may have bene-
fits in the cardiac patient. Blumenthal et al (1997) assessed the 
cumulative time to cardiovascular events in cardiac patients 
randomized to usual care, exercise, versus stress management 
[55]. Stress management was associated with significantly 
lower adverse cardiac event rates compared to usual care. 
Exercise was associated with a nonsignificant improvement 
over usual care. Yoga, meditation, and tai chi are beneficial in 
managing stress and anxiety; however, their role in decreasing 
cardiac events are not well studied [56, 57].

Figure 1. Various triggers of acute coronary syndrome.
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Little attention, however, has been given to several types of 
emotional stress in life, whether in marital relationships, in the 
work situation, or others [58]. By managing emotional stress 
or controlling anger, we can attempt to decrease the incidence 
of cardiac events. Stress reduction programs may include exer-
cises, breathing exercises, meditation, massage, and other psy-
chologic approaches. Avoiding certain forms of heavy exer-
tion, such as snow shoveling, may be recommended. Enrolling 
in organized exercise programs to enhance preconditioning is 
beneficial. Some regular medication, such as aspirin and beta-
blockers, may provide some protection against cardiac events. 
This is of paramount importance in patients with known coro-
nary artery disease or significant risk factors for atheroscle-
rosis. During specific natural disasters or at work or family 
stress, consider giving oral aspirin and a beta-blocker, which 
may mitigate acute cardiac events. An organized program for 
psychotherapy may be developed for cardiac patients undergo-
ing cardiac rehabilitation programs, particularly for those pa-
tients with severe stress or with uncontrollable bouts of anger.
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