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Despite the fre q u e n cy of the acute coro n a ry syndromes of myo c a rdial infa rction (MI), s u dd e n
c a rdiac deat h , and unstable angi n a , re l at ive ly little is known of the events that tra n s fo rm a pat i e n t
with ch ro n i c, s t able coro n a ry at h e ro s cl e rosis into a patient with an acute life - t h re atening illness.
While epidemiologic studies have traditionally focused on the role of chronic risk factors in
promoting atherosclerosis and disease onset over a period of years, several recent observations
h ave opened the broad field of acute risk and tri gge ring to study. Fi rs t , Q - wave MI is now re c og-
n i zed to be preceded by coro n a ry thro m b o s i s , wh i ch is in turn associated with plaque fis s u ri n g.1 , 2

S e c o n d, the demonstration that plaque disruption and thrombosis fre q u e n t ly occur at the site of
a prev i o u s ly mild stenosis suggests that the tra n s fo rm ation occurs acutely.3 Th i rd, the circ a d i a n
variation in frequency of MI, sudden cardiac death, and unstable angina, indicates that events
occur non-ra n d o m ly and may be fre q u e n t ly tri gge red by ex t e rnal activ i t i e s .4

History of the triggering concept

The concept of stre s s o rs such as physical exe rtion or psych o l ogical stress as tri gge rs of acute
cardiovascular disease has strong historical roots. The 18th century surgeon John Hunter said that his
l i fe was in the hands of any scoundrel who chose to annoy him.5 After emerging from a ra n c o ro u s
hospital board meeting, Hunter, who suffered from angina pectoris, collapsed and died. 

Obratsov and Strazhesko, in their 1910 description of the clinical features of acute MI, stated that
a c t ivities fre q u e n t ly tri gge red infa rction onset.6 Their view was ch a l l e n ged in the 1930s as studies of
l a rger nu m b e rs of patients revealed that in many instances, i n fa rction occurred without an obv i o u s
p re c i p i t ating eve n t .7 , 8 The view that activities are of minor importance in tri gge ring onset has preva i l e d
until recent challenges based on modern epidemiologic investigation and large data sets. 

Morning increase of cardiovascular events

The proposal that daily activities are important in tri gge ring MI and sudden death is based, in part ,
on ep i d e m i o l ogic findings that acute coro n a ry syndromes occur in a prominent circadian pat t e rn with a
morning increase in frequency. 

Myocardial infarction

The ep i d e m i o l ogic finding of a morning increase in MI was an unexpected finding from the
Multicenter Inve s t i gation of Limitation of Infa rct Size (MILIS). In 849 patients with confirmed MI, a
m a rked va ri ation in time of onset of infa rction was present. A maximum of 45 infa rcts occurred betwe e n
9 A M and 10 A M,and a minimum of 15 occurred between 11 P M and midnight.9

These results are now supported by a larger number of studies.1 0 - 1 2 For ex a m p l e, in 3339 pat i e n t s
e n rolled in the Th ro m b o lysis in Myo c a rdial Infa rction (TIMI II) Study,1 2 t h e re was a higher fre q u e n cy
of onset of infa rction in the morn i n g, with 34.4% of episodes occurring between 6 A M and noon
ve rsus 15.4% occurring between midnight and 6 A M ( Fi g u re 1). Subgroup analysis has also reve a l e d
d i ffe rent pat t e rns of onset that provide insight into mechanism. For ex a m p l e, p atients with conge s t ive
h e a rt fa i l u re appear to have a more prominent secondary evening peak than do those without re d u c e d
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left ve n t ricular function.1 0 This may be due to a gre ater acti-
vation of sympathetic nervous system throughout the 24
h o u rs in these individuals. 

The morning peak in fre q u e n cy is less ap p a rent on the
we e kends than on we e k d ays. While this may re flect the
gre ater va ri ability in time of awa kening and onset of activ i t y
d u ring the we e ke n d, it is also consistent with the hy p o t h e s i s
t h at the stress of the wo rk week contri butes to the morn i n g
peak in card i ovascular events. Goldberg et al1 3 d e m o n s t rat e d
t h at the increased morning incidence of infa rction occurs in
the first four hours after awa kening and onset of activ i t y,
s u p p o rting the role of activity rather than mere ly time of day
in onset of infa rction. In seve ral analy s e s , i n cluding MILIS,
t h e re has also been a suggestion of a smaller secondary
evening peak of infarction.9,10

Transient myocardial ischemia

S eve ral inve s t i gat o rs have rep o rted a morning peak in
t ransient myo c a rdial isch e m i a , both in symptomatic and
a s y m p t o m atic ep i s o d e s .1 4 - 1 7 An ep i d e m i o l ogic adva n t age of the
studies of transient ischemia over those of MI and sudd e n
c a rdiac death is that continuous 24-hour monitoring of
myo c a rdial ischemia ove rcomes the pro blem of lack of obser-
vation during the night. 

To test the hypothesis that the morning increase in tra n-
sient myo c a rdial ischemia was re l ated to time of awa ke n i n g
rather than to the time of day, Rocco et al1 8 studied 32 pat i e n t s
with angina in whom time of awa kening was known. Wh e n
their data we re replotted with time of awa kening considere d
to be time ze ro , the early morning increase of ischemia wa s
even more stri k i n g, and the peak activity was found to occur
in the first two hours after ri s i n g. This observation wa s
c o n firmed by Pa rker and colleag u e s ,1 5 who found that
d e l aying the time of arising and onset of morning activ i t y
deferred the time of peak ischemia. 

In addition to physical activity tri gge ring tra n s i e n t
myo c a rdial isch e m i a , B a rry et al1 9 i nve s t i gated the re l at i o n s h i p
b e t ween a pat i e n t ’s perc e ived level of mental activity and ST
d ep ression during daily life. Although most ischemic ep i s o d e s
o c c u rred during activities cl a s s i fied as “ u s u a l ” p hysical or
“ u s u a l ” mental activ i t y, when the duration of ST dep re s s i o n
was divided by the total time spent in each cat ego ry, it wa s

found that transient ischemia was more like ly to occur as the
intensity level of mental activity incre a s e d. Mental activ i t i e s
appear to be as potent as physical activities in triggering daily
life ischemia. 

Unstable angina

Patients with unstable angina are a heterogeneous gro u p
with diffe ring pat h o p hy s i o l ogy. Behar and colleagues fo u n d
the time of onset of instability to be maximal during the 6
A M to noon peri o d. Recently, C a n n o n2 0 found a similar
m o rning peak in fre q u e n cy in patients with unstable angi n a
and non-Q-wave infa rction enrolled in the TIMI III Study
and Regi s t ry.

Sudden cardiac death

A circadian va ri ation has been found for sudden card i a c
d e ath that parallels that of MI. The evidence that sudd e n
c a rdiac death has an increased incidence in the morning wa s
initially obtained from mortality reports of the Massachusetts
D ep a rtment of Public Health.2 1 The findings of a morn i n g
peak we re then confirmed by analysis of the we l l - ch a ra c t e r-
i zed Framingham Heart Study populat i o n .2 2 While for most
cases of definite or possible sudden cardiac deat h , the ex a c t
time of death was know n , for some it was necessary to esti-
m ate the interval in wh i ch the death occurre d. In such
instances, the probability of death was evenly distributed over
the estimated interval. The time of occurrence of defin i t e
s u dden cardiac death exhibited a prominent circadian va ri a-
tion with a peak in the morning and a low fre q u e n cy duri n g
the night, as would be expected from the requirement that the
d e ath be witnessed. Howeve r, this circadian va ri at i o n
p e rsisted when patients with possible sudden cardiac deat h
( p a rt i c u l a rly those with unwitnessed deaths between midnight
and 6 A M) we re added to the analysis. The hourly risk of
s u dden cardiac death was at least 70% gre ater between 7 A M

and 9 AM than the average risk during the remaining 22 hours
of the day.

M o re re c e n t ly, L evine and cowo rke rs2 3 i d e n t i fied a
m o rning peak of sudden cardiac death in out-of-hospital
c a rdiac arrests in the City of Houston Emerge n cy Medical
S e rvices. Using documentation from semi-automated defib-
ri l l at o rs in the Berlin emerge n cy care system, A rntz et al2 4

found a pr i m a ry peak of fre q u e n cy of ve n t ricular fib ri l l at i o n
b e t ween 6 A M and noon, wh e reas asystolic episodes we re
m o re eve n ly distri buted throughout the day. A pri m a ry
a rr hythmic event is more like ly to occur in the morning since
i n c reased adre n e rgic activity at that time may increase elec-
t rical instab i l i t y. 

Most studies of ve n t ricular ectopy indicate a pro m i n e n t
peak during daytime hours and a trough at night.2 5 Twidale et
a l2 6 o b s e rved that the peak incidence of sustained sympto-
m atic ve n t ricular tachy c a rdic episodes in 68 pat i e n t s
o c c u rred between 10 A M and noon. Although ep i d e m i o l ogi c
studies of sudden cardiac death have consistently found a
m o rning peak, t h ey are limited by their reliance on eyew i t-
nesses to determine the timing of sudden cardiac death. Th e
i m p l a n t able card i ove rt e r / d e fib ri l l ator (ICD) provides a new
o p p o rtunity to firm ly establish the timing of malignant tachy-
a rr hy t h m i a s , the most common cause of sudden card i a c
d e at h .2 7 In an analysis of 483 patients who had an ICD
implanted between 1990 and 1993, a prominent circ a d i a n
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Figure 1: The hourly frequency of the onset of MI as determined by
the onset of pain symptoms in the TIMI II Study. A pro m i-
nent circadian rhythm is present.
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p at t e rn of ve n t ricular tachya rr hythmias was demonstrat e d
with a peak between 9 A M and noon (21.8% of total ep i s o d e s
d u ring the three-hour peri o d ) .2 8

Role of coronary atherosclerotic plaque

To better understand the underlying mechanism of the
m o rning peak in these eve n t s , insights may be gained fro m
autopsy and angi ographic data into the role of plaque ru p t u re
and thrombosis. In 1980, D e Wood and colleagues conv i n c-
i n g ly demonstrated that occl u s ive coro n a ry art e ry thro m b o s i s
is the cause of most Q-wave MIs.1 With the use of serial histo-
l ogic sections, Constantinides and Davies found that in the
m a j o rity of cases, the thro m bus had fo rmed over a ru p t u re d
atherosclerotic plaque.29,30

Vulnerability to rupture is inversely related to the thick-
ness of the fib rous plaque and dire c t ly re l ated to the size of the
lipid pool. The fib rous cap is often thinnest and we a kest at its
junction with the nearby intima.31 There is also angiographic
evidence that in many patients surv iving an MI, the degree of
stenosis is relatively mild prior to the acute infarction.
Obstructive thrombus accounts for the majority of the abrupt
i n t e rruptions to coro n a ry flow. Little et al3 studied the extent of
p rior stenosis at sites in the coro n a ry art e ries that subsequently
became totally occluded. In two-thirds of patients, the site of
occlusion had less than 50% stenosis on the preinfarction
angiogram. These findings may explain the absence of prior
symptoms in many patients presenting with acute MI, and
indicate that attempts to identify and modify triggers of
t h ro m bus fo rm ation may have gre at clinical benefit. 

Morning increase in physiologic processes that might
trigger infarction (Figure 2)

P hy s i o l ogic studies suggest that both plaque ru p t u re and
o c cl u s ive thrombosis may be more like ly to occur in the
morning. 

Plaque rupture

The likelihood of plaque ru p t u re may be increased by the
20-30 mmHg rise in systolic blood pre s s u re that occurs duri n g
the morning hours .3 2 The parallel increase in heart rat e,3 2

besides increasing myo c a rdial o x y gen demands and pre d i s-
posing to transient isch e m i a , m ay also alter the rheologi c
p ro p e rties at the site of a plaque and predispose to ru p t u re. A n
i n c rease in coro n a ry art e rial tone described in the morn i n g

could worsen the flow reduction produced by a fixed stenosis,
and potentiate plaque ru p t u re.3 3 Panza and colleagues have
d e m o n s t rated that fo re a rm vascular re s i s t a n c e, as determ i n e d
by plethy s m ograp hy, is higher in the morning than at other
times of the day. 

Occlusive thrombosis 

The likelihood of occl u s ive thrombosis is also increased in
the morning. Platelet hyperreactivity in the morning has been
described34,35 which is due primarily to assumption of the
upright posture; resumption of the supine posture led to a
lower aggregability. It is likely that a sympathetic surge
contributes to the increase in aggregability, since assumption
of the upright posture is accompanied by an increase in plasma
levels of epinephrine and norepinephrine. An epinephrine-
s t i mu l ated release of platelets from the spleen into the circ u l a-
tion may also be a contri butor to the increased platelet activ i t y. 

Th rombosis may also be potentiated in the morning by
an increase in blood viscosity3 6 and a nadir of fib ri n o ly t i c
a c t iv i t y.3 7 The reduced morning level of tissue plasminoge n
a c t ivator activ i t y,3 8 could enable an otherwise harmless mu ra l
t h ro m bus ove rlying a small plaque fis s u re to pro p agate and
o c clude the coro n a ry lumen. Elevated levels of plasma cat e-
cholamines and cortisol may further potentiate cardiovascular
events in the morn i n g. The degree to wh i ch the disease peri-
odicity results from a tru e, e n d ogenous rhythm or from a daily
re s t - a c t ivity cy cle remains to be fully ch a ra c t e ri ze d. Cort i s o l
has an endogenous rhythm independent of daily activ i t y.
Although serum cortisol levels are falling during the period of
i n c reased disease onset, t h ey are increased ab ove basal
l eve l s .3 9 This increase could enhance the sensitivity of the
c o ro n a ry art e ries to the va s o c o n s t rictor effects of cat e-
ch o l a m i n e s ,4 0 wh i ch have a prominent surge after assumption
of the upright posture.35

The adrenergic nervous system and platelet hyperreactivity

Support for the role of the adrenergic nervous system and
p l atelet hy p e rre a c t ivity playing an etiologic role in the
m o rning predilection for acute coro n a ry syndromes is
p rovided by the effic a cy of beta-bl o cke rs and aspirin in
blunting the morning peak in events. Beta-adre n e rgi c
blocking agents, which inhibit the morning adrenergic activa-
t i o n , h ave been most conv i n c i n g ly shown to blunt the morn i n g
peak of ischemia, infarction and sudden death.4

The Physicians’Health Study41 found that aspirin reduces
the ove rall incidence of myo c a rdial infa rction by 44%. In a
detailed analysis of this beneficial effe c t , R i d ker and
c o l l e agues found that aspirin exe rted a selective effect — a
59% reduction — during the morning interval when plat e l e t
a c t ivity is incre a s e d. These findings indire c t ly support the
hypothesis that the morning increase in platelet re a c t ivity may
contribute to the acute precipitation of events. 

A contri bu t o ry role for circadian ch a n ges in fib ri n o lysis is
also suggested by data from Ku rnik that effic a cy of thro m-
b o lytic therapy is reduced in the morning hours .4 2 D e c o u s u s4 3

also rep o rted a circadian va ri ation in the effic a cy of a constant
i n t ravenous infusion of hep a rin so that activated partial thro m-
boplastin times we re at their lowest level in the morn i n g
h o u rs. Intere s t i n g ly, a recent analysis of the TIMI III popula-
t i o n2 0 s h owed that prior use of neither beta-bl o cking drugs nor
a s p i rin modified the circadian rhythm of onset of unstabl e

3
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Figure 2: Po t e n t i a l ly adv e rse physiologic ch a n ges occurring in the
morning
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a n gina. This may re flect a pre fe rential reduction of MI by
these agents and possibly a diminution of disease seve rity to
t h at of unstable angina. While the data for calcium ch a n n e l
bl o cke rs are less conv i n c i n g, a recent analysis of the Danish
Ve rapamil Infa rction Trials (DAVIT I and II)4 4 s u ggested that
ve rapamil is associated with a pre fe rential reduction in
morning sudden cardiac death.

Physiologic processes at other times of the day 

Although attention has focused on the morning as the
peak period of disease onset, it is like ly that similar phy s i o-
logic processes trigger disease onset at other times of the day.
The secondary evening peak at about 8 P M m ay result fro m
synchronization of the population for an additional trigger —
the evening meal. Meals have been associated with a re d u c-
tion in the threshold for myo c a rdial isch e m i a .4 5 In add i t i o n , a
l i p i d - ri ch meal has been demonstrated to produce a pro t h ro m-
botic increase in factor VII levels.46

M a ny of the phy s i o l ogic ch a n ges that occur in the
m o rning may also occur fo l l owing potential tr i gge ring activ-
i t i e s , s u ch as physical exe rt i o n , a n ger and cold ex p o s u re. A l l
these stre s s o rs are associated with an increase in adre n e rgi c
a c t iv i t y. In individuals with at h e ro s cl e ro s i s , an increase in
c o ro n a ry vascular resistance and va s o c o n s t riction may occur
in response to these stre s s o rs , while the response of the
n o rmal endothelium is one of dilat i o n .4 7 In the presence of
n o rmal endothelium, s t ress-induced increases in pro s t a cy cl i n
and tPA production may balance any pro t h rombotic ch a n ge s
caused by increases in platelet activation. This balance may
be tipped unfavo rably in individuals with coro n a ry art e ry
disease as they have diminished fib ri n o lytic response to
p hysical exe rcise compared with healthy subjects. 4 8 A
reduced tPA response to exe rcise has been associated with
i n c reased risk of subsequent card i ovascular events in
p atients with stable angi n a .4 9 The ratio of plasma thro m-
b oxane A2 to pro s t a cy clin production fo l l owing exe rcise is
also gre ater (i.e. , the response was more pro t h ro m b o t i c )
among patients with coro n a ry art e ry disease than among
n o rmal subjects (1.9 vs 0.1).5 0

Triggers of infarction and sudden cardiac death

Physical activity
Almost half (48.5%) of the 849 patients with MI enrolled

in the MILIS study5 7 rep o rted one or more possible tri gge rs ,
i n cluding moderate physical activity (14.4%), and heav y
p hysical activity (8.7%). Sumiyoshi and colleagues rep o rt e d
similar findings. In TIMI II, m o d e rate or marked phy s i c a l
a c t ivity was rep o rted to occur at onset of myo c a rdial infa rc-
tion in 18.7% of pa t i e n t s .1 2 Although these and other descri p-
t ive studies support the popular view that physical exe rt i o n
can tri gger a heart at t a ck , m e t h o d o l ogical pro blems exist such
as recall bias, l a ck of info rm ation in fatal cases, and lack of
appropriate controls. 

These limitations we re add ressed in the Myo c a rd i a l
I n fa rction Onset Study, a multicenter inve s t i gation of ove r
1700 patients in wh i ch each subject was used as his ow n
c o n t rol. Using the case-cro s s over analytic technique of
M a cl u re and Mittleman,5 1 , 5 2 the re l at ive risk of a potential
t ri gger causing infa rction can be estimated as the ratio of the
observed frequency of the activity during a designated hazard
p e riod (e. g. , within one hour of onset of symptoms of MI) to

the expected fre q u e n cy (from control info rm ation). Th e
c o n t rol info rm ation can be gained from an estimate of the
usual annual fre q u e n cy of the potential tri gger or the
f re q u e n cy during the control period on the day prior to infa rc-
tion. Using this study design, t h e re was a re l at ive risk of 5.9
of infarction occurring in the one hour following heavy phys-
ical activity (more than 6 METS).52

Among sedentary individuals who exe rcised less than once
per we e k , t h e re was a hundre d - fold increase in re l at ive risk of
i n fa rction in the hour fo l l owing heavy physical exe rt i o n .
H oweve r, t h e re was only a doubling of risk among indiv i d u a l s
who reg u l a rly exe rcised five or more times a week (Fi g u re 3).
Wi l l i ch et al found similar results in the TRIMM study.5 3

While these data indicate that heavy exe rtion can
t ri gger infa rc t i o n , t h ey are also consistent with a pro t e c t ive
e ffect of regular exe rt i o n , both in reducing the re l at ive ri s k
of infa rction fo l l owing exe rt i o n , and in reducing the
absolute risk of infa rc t i o n , as shown by other inve s t i gat o rs .
In TIMI II, p atients who we re engaged in physical exe rt i o n
at the time of their infa rction we re less like ly to have a
vessel with significant stenosis fo l l owing thro m b o ly t i c
t h e rapy that those whose event occurred at re s t .1 2 A New
Zealand study also showed that patients with exe rt i o n - a s s o-
c i ated infa rction had a lower in-hospital mortality than did
those whose infa rction occurred at rest or in bed.5 4 Wh i l e
these findings re fle c t , in part , the modifying effect of pat i e n t
age on fre q u e n cy of exe rt i o n , t h ey also are consistent with
the role of physical exe rtion in ge n e rating hemody n a m i c
and hemostatic fo rces that tri gger plaque disruption and
o c cl u s ive thrombosis in the absence of seve re prior coro-
n a ry narrow i n g.

S i s c ov i ck and colleag u e s .5 5 h ave demonstrated that
s u dden cardiac death is more like ly to occur fo l l owing heav y
p hysical exe rtion than during sedentary behav i o r. In men with
low levels of regular activity, the relative risk of cardiac arrest
d u ring exe rc i s e, as compared with other times, was 56 (95%
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Figure 3: M o d i fication of the relative risk of MI by usual frequency
of heavy exe rt i o n .S e d e n t a ry individuals experienced an
extreme relative risk (107), whereas those who exe rt e d
themselves 5 or more times per week had only a doubling
in risk over that of baseline.

From Mittleman et al.52 Reprinted with permission of the N Engl J Med.
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C I , 2 3-131). The risk among men at the highest level of
regular activity was also elevated but only by a factor of 5.
Vo u ri5 6 rep o rted that the risk of sudden cardiac death duri n g
c ro s s - c o u n t ry skiing was 4.5 fold higher than the risk duri n g
s e d e n t a ry activities. In this study, the re l at ive risk of sudd e n
d e ath was even gre ater for stre nuous competitive exe rcise than
for nonstrenuous exercise.

Psychosocial triggers 

Despite nu m e rous anecdotes linking emotional stress to
the pre c i p i t ation of MI or sudden cardiac deat h , t h e re has
been re l at ive ly little systematic study of this re l ationship in
p atients. In the MILIS Study5 7 of nonfatal MI, 18.8% of the
p atients rep o rted a possible emotional tri gge r. Using case-
c ro s s over methodology, it has been possible to inve s t i gate the
re l at ive risk associated with episodes of ange r. 

In the Onset study, 2.4% of patients rep o rted episodes of
a n ger (> l evel 5 on an anger scale) in the two-hour peri o d
b e fo re infa rction. The re l at ive risk of MI in the two hours
after such an episode of anger was calculated at 2.3 (95% CI,
1 . 7 - 3 . 2 ) .5 8 These data support evidence for psych o l ogi c a l
s t ress as an acute tri gger for MI. Reich and colleag u e s5 9

found a presumed psych o l ogical tri gger in 21% of 117
p atients with life - t h re atening arr hy t h m i a s , the most common
being anger (15%). The long QT syndrome provides a
s t riking example of a condition in wh i ch emotional stress can
p re c i p i t ate ve n t ricular arr hythmia and sudden dea t h .6 0

Most inve s t i gations of the etiologic role of psych o l ogi c a l
s t ress in card i ovascular disease have focused on ch ronic ri s k .
These studies have yielded va rying re s u l t s , although dep re s-
sion and the hostility component of the type A personality are
most cl o s e ly linked to increased card i ovascular risk. Gri e f
reactions and dep ression fo l l owing bere avement may have a
major effect on cardiac mort a l i t y. In a cohort of midd l e - age d
w i d owe rs , a 40% increase in the mortality rate was observe d
in the first six months fo l l owing bere ave m e n t .6 1 M o re than
half of the deaths we re at t ri buted to card i ovascular causes.
D ep ression fo l l owing MI also has a significant effect on
m o rt a l i t y. Fra s u re - S m i t h62 found that MI surv ivo rs with high
l evels of psych o l ogical stre s s , as assessed by questionnaire,
had a thre e - fold increase in cardiac mortality (mainly due to
s u dden death) compared with controls with low levels of
psychological stress. 

The 1991 Iraqi war provided an opportunity to study
the effect of psych o l ogical stress on card i ovascular eve n t s
in Israeli civilians. During the initial week of missile
at t a cks on Isra e l , 20 people developed an acute infa rction in
the area served by one hospital, c o m p a red to eight during a
c o n t rol peri o d.6 3 M o re re c e n t ly, Leor et al6 4 found an
i n c reased re l at ive risk of nontra u m atic card i ovascular deat h
fo l l owing the 1994 Los A n geles eart h q u a ke compared to
baseline (Fi g u re 4). These studies indicate that both acute
and ch ronic psych o l ogical stress may increase the risk of
i n fa rction and sudden death. 

A relationship between hemodynamic response to mental
s t ress and acute disease onset has not been conv i n c i n g ly
d e m o n s t rated in humans, although a recent Finnish study6 5

i n d i c ated that a gre ater diastolic blood pre s s u re response to
mental stress was corre l ated with a gre ater extent of caro t i d
atherosclerosis.

Sexual activity
Patients with card i ovascular disease often have a fear of

s exual interc o u rs e. Since sexual activity consists of intense
p e riods of physical activ i t y, emotional aro u s a l , and eve n
p s y ch o l ogical stre s s , c o n c e rns about the occurrence of infa rc-
tion and sudden cardiac death are ap p ro p ri at e. Of 858 pat i e n t s
eva l u ated in the Myo c a rdial Infa rction Onset Study, 79 (9%)
rep o rted sexual activity in the 24 hours prior to the infa rc t i o n ,
and 27 (3%) rep o rted sexual activity in the two hours pre c e d i n g
onset of symptoms. The re l at ive risk of infa rction occurring in
the two hours after sexual activity was 2.5 (95% CI,1.7-3.7). In
this populat i o n , s exual activity was a like ly contri butor to the
onset of infa rction in 0.9% of cases.6 6

The re l at ive risk of tri gge ring onset of infa rction was not
s i g n i fic a n t ly diffe rent among those with prior cardiac disease
than those without prior disease. The re l at ive risk of sex u a l
a c t ivity as a tri gger was reduced in individuals who had
regular physical activ i t y. Since the absolute hourly risk of
i n fa rction is ve ry low, p atients and spouses should be re a s-
sured that the absolute risk increase caused by sexual activity
is also extremely low.67

Other potential triggers

A peak of risk of card i ovascular events in the winter
months has been re c og n i ze d.6 8 While the cause of this
seasonal va ri ation is like ly to be mu l t i fa c t o ri a l , t h e re is
evidence to suggest that re s p i rat o ry infection may tri gge r
infarction.69 The secondary evening peak in infarction that has
been described has also led to speculation that a lipid-ri ch
evening meal may tra n s i e n t ly increase coag u l ability and the
risk of infa rction. These and other potential tri gge rs re q u i re
further investigation.

General theory of triggering of coronary thrombosis 

The info rm ation on tri gge ring can be incorp o rated (Fi g u re
5) into a hypothesis of the progression of coro n a ry art e ry
disease as advanced by Dav i e s , F u s t e r, Fa l k , Wi l l e rs o n , a n d
others.30,70-73

Onset may occur when a vulnerable plaque disrupts in
response to stressors that produce transient pressure surges or
vasoconstriction. If plaque disruption is major, with extensive
ex p o s u re of collagen and at h e ro m atous core contents to the
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Figure 4: Significant increase in the number of cases of sudd e n
c a rdiac death on Janu a ry 17, the day of the Nort h r i d ge
Earthquake.

From Leor et al.64 Reprinted with permission of the N Engl J Med.
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l u m e n , it may lead immediat e ly to occl u s ive thrombosis with
i n fa rction or sudden cardiac death. A l t e rn at ive ly, and far more
c o m m o n ly,the disruption may be minor and lead to nonoccl u-
s ive thrombosis. In this latter scenari o , the patient may be
a s y m p t o m atic or develop unstable angina or non-Q-wave
i n fa rction. The lesion may gra d u a l ly heal with smooth mu s cl e
cell pro l i fe ration and a gre ater degree of stenosis. On the other
h a n d, a further increase in coag u l ability or va s o c o n s t ri c t i o n
m ay lead to occl u s ive thro m b o s i s , i n fa rc t i o n , and sudd e n
cardiac death. 

The initial step in the process is the development of a
v u l n e rable at h e ro s cl e rotic plaque. As normal individuals and
even patients with coro n a ry art e ry disease are constantly
exposed to potentially tri gge ring activities that do not pro d u c e
c o ro n a ry thro m b o s i s , it is like ly that development of a vulner-
able plaque is the ra rest event in the chain of causat i o n
d e s c ribed ab ove. The ch a ra c t e ristics of a vulnerable plaque
include the presence of a lipid-rich plaque , a thin fibrous cap,
and increased macro p h age activity with elab o ration of metal-
l o p ro t e i n a s e s .7 3 , 7 4 An infla m m at o ry re s p o n s e, wh i ch may be
a s s o c i ated with elevated systemic marke rs of infla m m at i o n
s u ch as C-re a c t ive pro t e i n , is now re c og n i zed to play an
important role in weakening the fibrous cap.75 Recent positive
results with HMG-CoA reductase inhibitors suggest that these
agents may be able to stabilize plaque, returning a previously
vulnerable plaque to a nonvulnerable state.76

The future

Studies ra n ging from the ep i d e m i o l ogic to the molecular
l evel need to be done to better ch a ra c t e ri ze the tri gge rs and
the characteristics of a vulnerable plaque. Currently, practical
options to modify tri gge rs are limited. While adve rse stimu l i
( s u ch as ciga rette smoking) can be avo i d e d, s t re s s o rs such as

a n ger and sudden physical exe rtion are large ly unavo i d abl e,
but are modifiabl e. More success may there fo re be ga i n e d
through efforts to interrupt the link between a stressor and the
c a rd i ovascular event by nonpharm a c o l ogic and pharm a c o-
l ogic means. Data from the Onset study, s h owing that indiv i d-
uals who exe rcise reg u l a rly have a reduced re l at ive risk of
i n fa rction tri gge red by physical activity compared with seden-
t a ry indiv i d u a l s , f u rther support the benefit of regular exe r-
cise. Beta-blockers and aspirin may prove particularly useful.
By stabilizing plaque, lipid-lowering therapy may also render
plaques less vulnerable to the phy s i o l ogic effects of potential
t ri gge rs. In add i t i o n , the design of antihy p e rt e n s ive and anti-
i s chemic dosage regimens that provide 24-hour cove rage,
with particular activity during the morning period of incre a s e d
ri s k , a re like ly to be beneficial. Stress management tech n i q u e s
to reduce the impact of stressful env i ronmental events and to
better reg u l ate the stress response hold pro m i s e.7 7 , 7 8 It is also
i m p o rtant to re c og n i ze and ap p ro p ri at e ly tre at dep ression in
patients following infarction. 

From a population standpoint, re c ognition that stre s s o rs
m ay tr i gger infa rction and sudden death provides a furt h e r
rationale for public access to defib ri l l ation at locat i o n s
wh e re large n u m b e rs of individuals may be exposed to such
s t ress. This includes airp o rt terminals and on airc ra f t .7 9 I n
c o n c e rt with effo rts to better understand tri gge rs and identify
i n d ividuals at increased ri s k , the development of diag n o s t i c
methods such as magnetic resonance imaging to identify a
v u l n e rable plaque prior to ru p t u re remains an import a n t
f u t u re goal of inve s t i gation. While many advances have
o c c u rred in recent ye a rs , a more complete understanding of
t ri gge ring mechanisms and plaque vulnerability should
p e rmit further progress in the prevention of the acute coro-
n a ry syndro m e s .

6

Figure 5: Illustration of a hypothetical method by which activities such as heavy physical exe rtion and emotional stress may trigger acute
coronary syndromes. See the text for more detailed discussion. Reprinted with permission of J Am Coll Cardiol.4 
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