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BACKGROUND: Physical exertion, anger, and emotional upset are 
reported to trigger acute myocardial infarction (AMI). In the INTERHEART 
study, we explored the triggering association of acute physical activity 
and anger or emotional upset with AMI to quantify the importance of these 
potential triggers in a large, international population.

METHODS: INTERHEART was a case-control study of first AMI in 52 
countries. In this analysis, we included only cases of AMI and used a case-
crossover approach to estimate odds ratios for AMI occurring within 1 hour 
of triggers.

RESULTS: Of 12 461 cases of AMI 13.6% (n=1650) engaged in physical 
activity and 14.4% (n=1752) were angry or emotionally upset in the 
case period (1 hour before symptom onset). Physical activity in the case 
period was associated with increased odds of AMI (odds ratio, 2.31; 99% 
confidence interval [CI], 1.96–2.72) with a population-attributable risk of 
7.7% (99% CI, 6.3–8.8). Anger or emotional upset in the case period was 
associated with an increased odds of AMI (odds ratio, 2.44; 99% CI, 2.06–
2.89) with a population-attributable risk of 8.5% (99% CI, 7.0–9.6). There 
was no effect modification by geographical region, prior cardiovascular 
disease, cardiovascular risk factor burden, cardiovascular prevention 
medications, or time of day or day of onset of AMI. Both physical activity 
and anger or emotional upset in the case period were associated with a 
further increase in the odds of AMI (odds ratio, 3.05; 99% CI, 2.29–4.07; P 
for interaction <0.001).

CONCLUSIONS: Physical exertion and anger or emotional upset are 
triggers associated with first AMI in all regions of the world, in men and 
women, and in all age groups, with no significant effect modifiers.
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cardiovascular disease is the leading cause of death 
worldwide.1 The INTERHEART study reported that 
>90% of the risk of myocardial infarction was attrib-

utable to long-term exposure to 9 risk factors.2 Most long-
term exposures (eg, lipids, obesity) are mediated through 
an intermediate phenotype (atherosclerotic change) rather 
than trigger acute rupture of atherosclerotic plaque, pre-
cipitating an acute myocardial infarction (AMI). Obser-
vational studies identified potential external triggers for 
AMI, including physical exertion and anger or emotional 
upset.3,4 However, with few exceptions, the included stud-
ies had small sample sizes (n<2000) and were completed 
primarily in 1 country or geographical region (predomi-
nantly Western countries). As with long-term exposure to 
cardiovascular risk factors, the prevalence of potential 
triggers of AMI may also vary by geographical region; trig-
gers important in 1 region or ethnic group may be different 
in others. Large, international studies using standardized 
methodology are required to determine whether there are 
variations in the importance of triggering risk factors and 
to determine other factors that may modify the associa-
tion. The INTERHEART study provides an opportunity to 

study the association between these potential external trig-
gers of AMI and effect modifiers in a large, international 
population.

MethOds
study Population
As previously described, the INTERHEART study was a case-
control study of first AMI completed in 262 centers across 52 
countries.2,5 In brief, consecutive cases with first AMI (defined 
by characteristic symptoms and ischemic ECG changes) were 
recruited, in addition to at least 1 age- and sex-matched con-
trol without a history of heart disease or exertional chest pain. 
In our primary analyses, we include only the cases of AMI, 
because the exposure to potential triggers was collected sys-
tematically in cases and not in controls.

study Procedures
Trained study staff performed a standardized physical exami-
nation on participants and administered a structured question-
naire. Participants with AMI (cases) were asked dichotomous 
questions, “Were you engaged in heavy physical exertion?” and 
“Were you angry or emotionally upset?” in the 1 hour before 
the onset of symptoms and during the same hour on the pre-
vious day. Control participants were asked, “During the last 
24 hours, were you engaged in heavy physical exertion?” 
and “During the last 24 hours, were you angry or emotionally 
upset?” Data were also collected on age, ethnicity, diet, physi-
cal activity, tobacco use, education, employment, psychoso-
cial factors, and cardiovascular risk factors. Anthropometric 
measurements (height, weight, waist, and hip circumference) 
were measured in a standardized manner.6 Medical history 
(diabetes mellitus, hypertension, angina, stroke, other vascu-
lar disease, and depression) and baseline medications were 
self-reported. Smoking was categorized as never smoking, for-
mer smoking (defined as no smoking within the previous year), 
or current smoking. Obesity was defined as body mass index 
of ≥30 kg/m2. Countries were grouped into 10 geographical 
regions: Western Europe, Central and Eastern Europe, Middle 
East and Egypt, Africa, South Asia, China and Hong Kong, 
Southeast Asia and Japan, Australia and New Zealand, South 
America and Mexico, and North America. Physical activity was 
categorized as mainly sedentary, mild exercise, or moderate/
strenuous activity.7 Stress was categorized as none or some 
periods of stress versus several periods or permanent stress.8 
Education was categorized as none, 1 to 8 years, 9 to 12 
years, trade school, or college/university.

All data were transferred to the Population Health Research 
Institute, McMaster University and Hamilton Health Sciences 
(Hamilton, ON, Canada). Ethics and regulatory committees in 
participating countries and centers approved the study proto-
col, and all participants gave informed consent before study 
involvement.

statistical analysis
Categorical variables are presented as percentage (number) 
and continuous variables as mean (SD) or median (25th–75th 
percentiles), as appropriate. A case-crossover approach was 
used for these analyses9 in which each participant acts as  

clinical Perspective

What is new?

•	 In these analyses of INTERHEART, we confirm 
previous reports that heavy physical exertion and 
anger or emotional upset may act as triggers 
of first acute myocardial infarction, but we also 
extend findings to all regions of the world.

•	We found an interaction between heavy physical 
exertion and anger or emotional upset with an 
additive association in participants with exposure 
to both in the 1 hour before acute myocardial 
infarction.

•	We do not report effect modification by previous 
cardiovascular disease, cardiovascular risk fac-
tor burden, cardiovascular prevention medica-
tions, or time and day of onset of symptoms.

What are the clinical implications?

•	Our findings suggest that clinicians should advise 
patients to minimize exposure to extremes of 
anger or emotional upset because of the potential 
risk of triggering acute myocardial infarction.

•	Our findings suggest that heavy or vigorous phys-
ical exertion (but not any physical activity) may 
trigger a myocardial infarction.

•	Therefore, given the established benefits of regu-
lar physical activity over the long term, clinicians 
should continue to advise patients about the life-
long benefits of exercise.
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his/her own control. The case period was defined as the 1 hour 
before the onset of symptoms of AMI, and the control period 
was defined as the same 1-hour period on the day before the 
onset of symptoms. Conditional logistic regression was used 
to estimate odds ratios and 99% confidence intervals (CIs) for 
physical exertion and anger or emotional upset within the case 
period compared with the control period. Because each partici-
pant acts as his or her own control, multivariable adjustment 
for baseline confounding factors was not required, but we did 
adjust for the other triggering event, because it varied with 
time, and the interaction between both triggers was signifi-
cant (P<0.001). Population-attributable risk was calculated10 
from the proportion of participants with exposure to potential 
triggers in the case and control periods; 99% CIs are also 
reported. The Breslow-Day test of homogeneity was used to 
ensure that the conditional relationship between potential trig-
gers and AMI was consistent by time and day of onset of AMI.11

Analyses were stratified by the following prespecified sub-
groups: age (<45, 45–65, >65 years), sex, smoking, diabetes 
mellitus, hypertension, obesity, angina, stroke, and INTERHEART 
risk score. For physical exertion only, subgroup analyses were 
also stratified by baseline level of physical activity. For anger 
or emotional upset only, subgroup analyses were also strati-
fied by baseline level of chronic stress, depression, and level 
of education. We explored for differences in the observed asso-
ciations by medications commonly used for the prevention of 
cardiovascular disease12 (aspirin, β-blockers, angiotensin-con-
verting enzyme inhibitors, and cholesterol-lowering therapies), 
geographical region, and the time of day and day of the week 
of onset of AMI. As sensitivity analyses, we first excluded par-
ticipants with exposure to alcohol in the 24 hours before AMI.13 
Second, we included the controls from INTERHEART (ie, partici-
pants without AMI) and completed a case-control analysis using 
conditional logistic regression, adjusting for the other trigger, 
the interaction term between triggers, age, sex, education, and 
the primary modifiable risk factors previously identified from 
INTERHEART (lipids, smoking, hypertension, diabetes mellitus, 
abdominal obesity, psychosocial factors, fruit and vegetable 
intake, alcohol, physical activity).2

Differential effects between subgroups were considered to 
be significant if the interaction term between the subgroup and 
the exposure was statistically significant; to address multiple 
testing, a value of P<0.01 was considered statistically signifi-
cant. All statistical analyses were performed with Stata/MP 
13.1 for Mac except population-attributable risk, for which R 
version 3.3.1 for Mac was used.

resUlts
Of the 12 461 included patients with AMI, the mean age 
was 58.1 years (SD, 12.2 years), 75.9% (n=9459) were 
male, and there was representation from multiple ethnici-
ties (online-only Data Supplement Table I).

Physical exertion as a trigger
Physical exertion was reported by 13.6% (n=1650) of 
participants during the case period and 9.1% (n=1111) 
during the control period. There were no significant dif-
ferences between those who reported physical exertion 

in the case period and those who did not (P>0.01 for all; 
Table II in the online-only Data Supplement). Compared 
with the control period, the adjusted odds of AMI asso-
ciated with physical exertion occurring during the case 
period was 2.31 (99% CI, 1.96–2.72) with a population-
attributable risk of 7.7% (99% CI, 6.3–8.8; Figure 1). 
There was no statistically significant effect modification 
(all P>0.01) on analyses stratified by age group, sex, 
smoking, diabetes mellitus, hypertension, obesity, angi-
na, stroke INTERHEART risk score, or baseline physical 
activity.

anger or emotional Upset as a trigger
Anger or emotional upset was reported by 14.4% 
(n=1746) of participants during the case period and 
9.9% (n=1210) during the control period. There were no 
significant differences between those who reported an-
ger or emotional upset in the case period and those who 
did not (P>0.01 for all; Table III in the online-only Data 
Supplement). Compared with the control period, the ad-
justed odds of AMI associated with anger or emotional 
upset occurring during the case period was 2.44 (99% 
CI, 2.06–2.89) with a population-attributable risk of 8.5% 
(99% CI, 7.0–9.6; Figure 2). There was no statistically 
significant effect modification (all P>0.01) on analyses 
stratified by age group, sex, smoking, diabetes mellitus, 
hypertension, obesity, angina, stroke, INTERHEART risk 
score, levels of stress, depression, or level of education.

effects of Both triggers
Compared with exposure to neither trigger during the 
control period, the adjusted odds of AMI associated with 
exposure to both physical exertion and anger or emo-
tional upset occurring during the case period was 3.05 
(99% CI, 2.29–4.07; P for interaction <0.001).

effect Modification by cardiovascular 
Medications
There was no statistically significant effect modification 
for physical exertion or anger or emotional upset on anal-
yses stratified by cardiovascular prevention medications 
before AMI, including aspirin, β-blockers, angiotensin-
converting enzyme inhibitors, and cholesterol-lowering 
therapy (Figure 3).

effect Modification by geographical region and 
timing of aMi
There was no effect modification by geographical region 
for either trigger (Figure 4). The conditional relationship 
between physical exertion and AMI was consistent by 
time of onset (P for homogeneity=0.08) and day of on-
set (P for homogeneity=0.95). Similarly, the  conditional 
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 relationship between anger or emotional upset and 
AMI was consistent by time of onset (P for homogene-
ity=0.17) and day of onset (P for homogeneity=0.99). 
The odds of AMI occurring with either trigger tended to 
be highest between 6 pm and midnight and lowest be-
tween midnight and 6 am.

sensitivity analyses
There was no material change in the observed associa-
tions with the exclusion of participants with exposure to 
alcohol in the 24 hours before AMI for physical exertion 
(P for interaction=0.091) or anger or emotional upset 
(P for interaction=0.690). Heavy physical exertion was 
reported by 6.0% (790 of 13 071) of INTERHEART con-
trols, and anger or emotional upset was reported by 7.2 
(945 of 13 071). Compared with INTERHEART controls 
the adjusted odds of AMI associated with physical exer-
tion in cases was 3.08 (99% CI, 2.50–3.81). The ad-
justed odds of AMI associated with anger or emotional 
upset in cases was 2.41 (99% CI, 1.99–2.92).

discUssiOn
In this large, international study, we report that heavy 
physical exertion and anger or emotional upset occur-
ring in the 1 hour before first AMI are common (reported 
by 1 in 7 cases) and confirm that both exposures may 
act as external triggers for AMI. We extend previous 
findings that physical exertion and anger or emotional 
may act as external triggers for AMI14–21 to a large, 

 international population (Figure 4). It is important to note 
that we found no significant regional differences in the 
observed association, despite differences in prevalence 
of exposure to the triggers. In addition, we report an 
additive effect of both physical exertion and anger or 
emotional upset in the case period.

Physical exertion and emotions (including anger and 
emotional upset) are reported to cause sympathetic 
activation,14 catecholamine secretion,22 systemic vaso-
constriction, and increase heart rate and blood pres-
sure, thereby modifying myocardial oxygen demand,23–26 
which may precipitate the rupture of an already vulner-
able atherosclerotic plaque.27 Therefore, it is not surpris-
ing that we identified an additive effect of both physical 
exertion and anger or emotional upset in the case pe-
riod (odds ratio, 3.05; 99% CI, 2.29–4.07; P for interac-
tion <0.001). Other potential triggers, including viewing 
stressful sporting events28,29 and ecological events such 
as earthquakes,30–32 have been implicated for similar 
reasons. These findings led to recommendations that 
the link between triggering events and their pathophysi-
ological consequences may be reduced through the use 
of aspirin, β-blockers, statins, or angiotensin-converting 
enzyme inhibitors.33 However, we report no effect modi-
fication by cardiovascular prevention medication for AMI 
associated with physical exertion or anger or emotional 
upset. Therefore, our report highlights difficulties with 
primary prevention of AMI associated with external trig-
gering events.33

Exposure to external triggers is common and clearly 
does not always lead to AMI, and it is likely that external 

Figure 1. Physical exertion as a trig-
ger of acute myocardial infarction.
No significant subgroup effects (all 
P for interaction >0.01). CI indicates 
confidence interval; and PAR, population-
attributable risk.

 by guest on A
ugust 22, 2017

http://circ.ahajournals.org/
D

ow
nloaded from

 

http://circ.ahajournals.org/


Exertion, Anger or Emotional Upset as Triggers of AMI

Circulation. 2016;134:1059–1067. DOI: 10.1161/CIRCULATIONAHA.116.023142 October 11, 2016

ORIGINAL RESEARCH 
ARTICLE

1063

triggering events precipitate AMI only in the setting of bio-
logically active plaques that may be particularly vulnerable 
to plaque erosion,34 which vary significantly between indi-
viduals. The case-crossover design is a powerful approach 
to study potential external triggers for AMI and effect modi-
fication because each individual serves as his or her own 
control, thereby controlling for many potential confound-
ers.35–37 We report no significant effect modifications for 
either trigger, unlike previous reports of increased odds 
of AMI in men with physical exertion3 or increased odds 
of AMI in those with the lowest baseline levels of stress.15

Regular physical activity is known to play a role in the 
long-term prevention of cardiovascular disease,38 and pre-
vious studies report the greatest magnitude of association 
between physical activity as a trigger of AMI in sedentary 
individuals.9,39 However, although vigorous physical exer-
tion may act as a trigger of AMI, we did not find any effect 
modification in the association by baseline level of physi-
cal activity. Importantly, our findings suggest that heavy 
physical exertion may be a trigger for AMI, rather than 
any physical activity, because the INTERHEART controls 
were more habitually active. Therefore, clinicians should 

Figure 2. anger or emotional upset 
as a trigger of acute myocardial 
infarction.
No significant subgroup effects (all 
P for interaction >0.01). CI indicates 
confidence interval; and PAR, population-
attributable risk.

A B

Figure 3. effect modification by cardiovascular medications.
No significant subgroup effects (all P for interaction >0.01). ACE indicates angiotensin-converting enzyme; CI, confidence inter-
val; and PAR, population-attributable risk.
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continue to recommend regular physical activity, while 
highlighting that short-term intense physical activity may 
carry a risk of triggering AMI.

Although long-term exposure to established cardio-
vascular risk factors (eg, lipids, diabetes mellitus) is 
associated with 90% of the population-attributable risk 
of AMI,40 they do not modify the association between 
triggering risk factors and AMI.41 We report no effect 
modification by previous cardiovascular disease, risk 
factors, or INTEHEART risk score. We confirm previous 
reports that cardiovascular events are more common 
earlier in the day,22 because the majority of cases of 
AMI occurred between 6 am and 6 pm. Similarly, we 
report no significant difference in associations with 
triggering events throughout the day,39,42 although 
there was a tendency toward the greatest magnitude 
of association for either trigger between 6 pm and mid-
night. In addition, we found no effect modification by 
day of onset of AMI for either trigger, suggesting that 
these triggers do not appear to be triggered by work-
related activity. Taken together, these results from IN-
TERHEART suggest that further research is needed to 
identify those most vulnerable to the effects of exter-
nal triggers through risk stratification.

The main strengths of this study include the large, 
international nature of the cohort with first AMI and the 
ability to explore the role of effect modifiers because of 
the sample size. INTERHEART includes large numbers 
of individuals from all regions of the world and multiple 
ethnicities, making the results broadly applicable, un-
like previous studies of potential triggers that were per-
formed primarily in 1 country or region.9,16,18–21,39,43–47 IN-
TERHEART also includes only participants with first AMI, 

thereby reducing the  possibility that altered lifestyles or 
risk factors resulting from previous AMI would affect our 
estimates. In addition, sensitivity analyses including the 
controls from INTERHEART using multivariable-adjusted 
conditional logistic regression yielded similar associa-
tions. Consistent with previous studies, we defined the 
case period as the 1 hour immediately preceding the 
onset of symptoms of AMI because the risk of AMI asso-
ciated with external triggers decreases significantly with 
time after exposure.47 In addition, although it is plausible 
that the effect of external triggers may last longer than 
1 hour, this would bias toward the null because the effect 
of exposure earlier than 1 hour before AMI would be not 
counted in the effect of the exposure in the case period. 
Although no previous studies report emotional upset as 
a trigger for MI, negative emotion,17 acute depression,48 
and work-related stress49 are reported as triggers for 
AMI, similar to our  findings.

The main limitation of this study is recall bias be-
cause participants who experienced AMI may differ-
entially recall the intensity of exposure to either trig-
gering event and participants may recall exposures as 
more proximate to the MI than it actually was.50 Using 
only cases of AMI and the case-crossover approach, in 
which each participant acts as his or her own  control, 
reduces but does not eliminate the effect of differences 
in perception between participants. In addition, sensitiv-
ity analyses including cases and controls from INTER-
HEART, adopting the case-control approach, revealed 
similar associations. Second, INTERHEART uses an 
observational design, meaning that we cannot estab-
lish causation. Third, exposure to potential triggering 
events was self-reported and objective scales were 

A B

Figure 4. effect modification by region and time and day of onset of acute myocardial infarction (aMi).
No significant subgroup effects (P for interaction by region >0.01 and all P for homogeneity for time and day of onset >0.01). CI 
indicates confidence interval; and PAR, population-attributable risk.
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not used, as in some previous studies. However, our 
primary findings are consistent with multiple previous 
studies, suggesting that our measurements of the ex-
posures are equally valid. Fourth, although standard-
ized methodology was used in all regions, risk factors 
(including diabetes mellitus and hypertension) were 
self-reported. However, this would likely result in an 
underestimation of the prevalence of risk factors and 
bias estimates toward the null. Fifth, our study includes 
only patients hospitalized with AMI who may not be rep-
resentative of all cases of AMI occurring within popu-
lations. Similarly, because INTERHEART includes only 
those patients presenting with first AMI and defined 
symptoms, these data cannot be applied to the impact 
of triggering events in a secondary prevention popula-
tion or in those with atypical AMI.

cOnclUsiOns
We report that physical exertion and anger or emotional 
upset are common in the 1 hour before the onset of 
symptoms of AMI and that either exposure may act as an 
external trigger for AMI. The greatest magnitude of as-
sociation was seen in those with both physical exertion 
and anger or emotional upset in the 1 hour before the 
onset of symptoms of AMI. We report no differences by 
geographical region, previous cardiovascular disease, 
cardiovascular prevention medications, cardiovascular 
risk factors, and INTERHEART risk score.

sOUrces OF FUnding
The INTERHEART study is funded by the Canadian Institutes 
of Health Research; by the Heart and Stroke Foundation of 
Ontario; by the International Clinical Epidemiology Network; 
through unrestricted grants from AstraZeneca, Novartis, 
Hoechst Marion Roussel (now Aventis), Knoll Pharmaceuticals 
(now Abbott), Bristol Myers Squibb, King Pharma, and Sanofi-
Sythelabo; and through various national bodies from different 
participating countries.

disclOsUres
None.

aFFiliatiOns
From Population Health Research Institute, Hamilton Health Sci-
ences and McMaster University, Hamilton, ON, Canada (A.S., 
M.O., P.L., K.T., S.R., S.Y.); and HRB Clinical Research Facility 
Galway, National University of Ireland Galway, Galway, Ireland 
(A.S., M.O.).

FOOtnOtes
Received May 12, 2016; accepted August 31, 2016.

The online-only Data Supplement is available with this arti-
cle at http://circ.ahajournals.org/lookup/suppl/doi:10.1161/
CIRCULATIONAHA.116.023142/-/DC1.

Continuing medical education (CME) credit is available for 
this article. Go to http://cme.ahajournals.org to take the quiz.

Circulation is available at http://circ.ahajournals.org.

reFerences
 1. Yusuf S, Reddy S, Ounpuu S, Anand S. Global burden of cardiovas-

cular diseases, part I: general considerations, the epidemiologic 
transition, risk factors, and impact of urbanization. Circulation. 
2001;104:2746–2753.

 2. Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, Mc-
Queen M, Budaj A, Pais P, Varigos J, Lisheng L; INTERHEART 
Study Investigators. Effect of potentially modifiable risk factors 
associated with myocardial infarction in 52 countries (the INTER-
HEART study): case-control study. Lancet. 2004;364:937–952. 
doi: 10.1016/S0140-6736(04)17018-9.

 3. Culić V, Eterović D, Mirić D. Meta-analysis of possible external trig-
gers of acute myocardial infarction. Int J Cardiol. 2005;99:1–8. 
doi: 10.1016/j.ijcard.2004.01.008.

 4. Nawrot TS, Perez L, Künzli N, Munters E, Nemery B. Public health 
importance of triggers of myocardial infarction: a comparative 
risk assessment. Lancet. 2011;377:732–740. doi: 10.1016/
S0140-6736(10)62296-9.

 5. Ounpuu S, Negassa A, Yusuf S. INTER-HEART: a global study 
of risk factors for acute myocardial infarction. Am Heart J. 
2001;141:711–721.

 6. Yusuf S, Hawken S, Ounpuu S, Bautista L, Franzosi MG, Com-
merford P, Lang CC, Rumboldt Z, Onen CL, Lisheng L, Tanomsup 
S, Wangai P Jr, Razak F, Sharma AM, Anand SS; INTERHEART 
Study Investigators. Obesity and the risk of myocardial infarc-
tion in 27,000 participants from 52 countries: a case-control 
study. Lancet. 2005;366:1640–1649. doi: 10.1016/S0140-
6736(05)67663-5.

 7. Held C, Iqbal R, Lear SA, Rosengren A, Islam S, Mathew J, Yusuf 
S. Physical activity levels, ownership of goods promoting seden-
tary behaviour and risk of myocardial infarction: results of the IN-
TERHEART study. Eur Heart J. 2012;33:452–466. doi: 10.1093/
eurheartj/ehr432.

 8. Rosengren A, Hawken S, Ounpuu S, Sliwa K, Zubaid M, Almah-
meed WA, Blackett KN, Sitthi-amorn C, Sato H, Yusuf S; INTER-
HEART investigators. Association of psychosocial risk factors with 
risk of acute myocardial infarction in 11119 cases and 13648 
controls from 52 countries (the INTERHEART study): case-con-
trol study. Lancet. 2004;364:953–962. doi: 10.1016/S0140-
6736(04)17019-0.

 9. Mittleman MA, Maclure M, Tofler GH, Sherwood JB, Goldberg 
RJ, Muller JE. Triggering of acute myocardial infarction by heavy 
physical exertion: protection against triggering by regular exer-
tion: Determinants of Myocardial Infarction Onset Study Investi-
gators. N Engl J Med. 1993;329:1677–1683. doi: 10.1056/
NEJM199312023292301.

 10. Bruzzi P, Green SB, Byar DP, Brinton LA, Schairer C. Estimating 
the population attributable risk for multiple risk factors using case-
control data. Am J Epidemiol. 1985;122:904–914.

 11. Breslow NE, Day NE. Statistical Methods in Cancer Research Vol-
ume 1: The Analysis of Case-Control Studies. Lyon, France: Inter-
national Agency for Research on Cancer; 1980. IARC Scientific 
Publications No. 32.

 12. Lonn E, Bosch J, Teo KK, Pais P, Xavier D, Yusuf S. The polypill in the 
prevention of cardiovascular diseases: key concepts, current sta-
tus, challenges, and future directions. Circulation. 2010;122:2078–
2088. doi: 10.1161/CIRCULATIONAHA.109.873232.

 by guest on A
ugust 22, 2017

http://circ.ahajournals.org/
D

ow
nloaded from

 

http://circ.ahajournals.org/


Smyth et al

October 11, 2016 Circulation. 2016;134:1059–1067. DOI: 10.1161/CIRCULATIONAHA.116.0231421066

 13. Leong DP, Smyth A, Teo KK, McKee M, Rangarajan S, Pais P, 
Liu L, Anand SS, Yusuf S; INTERHEART Investigators. Patterns 
of alcohol consumption and myocardial infarction risk: observa-
tions from 52 countries in the INTERHEART case-control study. 
Circulation. 2014;130:390–398. doi: 10.1161/CIRCULA-
TIONAHA.113.007627.

 14. Mittleman MA, Maclure M, Sherwood JB, Mulry RP, Tofler GH, Ja-
cobs SC, Friedman R, Benson H, Muller JE. Triggering of acute 
myocardial infarction onset by episodes of anger: Determinants 
of Myocardial Infarction Onset Study Investigators. Circulation. 
1995;92:1720–1725.

 15. Möller J, Hallqvist J, Diderichsen F, Theorell T, Reuterwall C, 
Ahlbom A. Do episodes of anger trigger myocardial infarction? 
A case-crossover analysis in the Stockholm Heart Epidemiology 
Program (SHEEP). Psychosom Med. 1999;61:842–849.

 16. Strike PC, Perkins-Porras L, Whitehead DL, McEwan J, Steptoe 
A. Triggering of acute coronary syndromes by physical exertion 
and anger: clinical and sociodemographic characteristics. Heart. 
2006;92:1035–1040. doi: 10.1136/hrt.2005.077362.

 17. Lipovetzky N, Hod H, Roth A, Kishon Y, Sclarovsky S, Green MS. 
Emotional events and anger at the workplace as triggers for a 
first event of the acute coronary syndrome: a case-crossover 
study. Isr Med Assoc J. 2007;9:310–315.

 18. Smith M, Little WC. Potential precipitating factors of the onset of 
myocardial infarction. Am J Med Sci. 1992;303:141–144.

 19. Tofler GH, Muller JE, Stone PH, Forman S, Solomon RE, Knat-
terud GL, Braunwald E. Modifiers of timing and possible triggers 
of acute myocardial infarction in the Thrombolysis in Myocar-
dial Infarction Phase II (TIMI II) Study Group. J Am Coll Cardiol. 
1992;20:1049–1055.

 20. Behar S, Halabi M, Reicher-Reiss H, Zion M, Kaplinsky E, Mandel-
zweig L, Goldbourt U. Circadian variation and possible external 
triggers of onset of myocardial infarction: SPRINT Study Group. 
Am J Med. 1993;94:395–400.

 21. Culić V, Mirić D, Eterović D. Different circumstances, timing, and 
symptom presentation at onset of Q-wave versus non-Q-wave 
acute myocardial infarction. Am J Cardiol. 2002;89:456–460.

 22. Mittleman MA, Mostofsky E. Physical, psychological and chemi-
cal triggers of acute cardiovascular events: preventive strate-
gies. Circulation. 2011;124:346–354. doi: 10.1161/CIRCULA-
TIONAHA.110.968776.

 23. Verrier RL, Hagestad EL, Lown B. Delayed myocardial ischemia 
induced by anger. Circulation. 1987;75:249–254.

 24. Boltwood MD, Taylor CB, Burke MB, Grogin H, Giacomini J. 
Anger report predicts coronary artery vasomotor response 
to mental stress in atherosclerotic segments. Am J Cardiol. 
1993;72:1361–1365.

 25. Muller JE, Kaufmann PG, Luepker RV, Weisfeldt ML, Deed-
wania PC, Willerson JT. Mechanisms precipitating acute car-
diac events: review and recommendations of an NHLBI work-
shop: National Heart, Lung, and Blood Institute: Mechanisms 
Precipitating Acute Cardiac Events participants. Circulation. 
1997;96:3233–3239.

 26. Muller JE, Tofler GH, Stone PH. Circadian variation and trig-
gers of onset of acute cardiovascular disease. Circulation. 
1989;79:733–743.

 27. Braunwald E. Unstable angina: an etiologic approach to manage-
ment. Circulation. 1998;98:2219–2222.

 28. Wilbert-Lampen U, Leistner D, Greven S, Pohl T, Sper S, Völk-
er C, Güthlin D, Plasse A, Knez A, Küchenhoff H, Steinbeck G. 
Cardiovascular events during World Cup soccer. N Engl J Med. 
2008;358:475–483. doi: 10.1056/NEJMoa0707427.

 29. Witte DR, Bots ML, Hoes AW, Grobbee DE. Cardiovascular mortal-
ity in Dutch men during 1996 European football championship: 
longitudinal population study. BMJ. 2000;321:1552–1554.

 30. Trichopoulos D, Katsouyanni K, Zavitsanos X, Tzonou A, 
Dalla-Vorgia P. Psychological stress and fatal heart attack: 

the Athens (1981) earthquake natural experiment. Lancet. 
1983;1:441–444.

 31. Leor J, Poole WK, Kloner RA. Sudden cardiac death triggered by 
an earthquake. N Engl J Med. 1996;334:413–419. doi: 10.1056/
NEJM199602153340701.

 32. Aoki T, Fukumoto Y, Yasuda S, Sakata Y, Ito K, Takahashi J, Miyata 
S, Tsuji I, Shimokawa H. The great east Japan earthquake disaster 
and cardiovascular diseases. Eur Heart J. 2012;33:2796–2803. 
doi: 10.1093/eurheartj/ehs288.

 33. Tofler GH, Muller JE. Triggering of acute cardiovascular disease 
and potential preventive strategies. Circulation. 2006;114:1863–
1872. doi: 10.1161/CIRCULATIONAHA.105.596189.

 34. Libby P, Pasterkamp G. Requiem for the “vulnerable plaque.” Eur 
Heart J. 2015;36:2984–2987. doi: 10.1093/eurheartj/ehv349.

 35. Maclure M. The case-crossover design: a method for studying 
transient effects on the risk of acute events. Am J Epidemiol. 
1991;133:144–153.

 36. Mittleman MA, Maclure M, Robins JM. Control sampling strategies 
for case-crossover studies: an assessment of relative efficiency. 
Am J Epidemiol. 1995;142:91–98.

 37. Maclure M, Mittleman MA. Should we use a case-crossover de-
sign? Annu Rev Public Health. 2000;21:193–221. doi: 10.1146/
annurev.publhealth.21.1.193.

 38. Thompson PD, Buchner D, Pina IL, Balady GJ, Williams MA, Mar-
cus BH, Berra K, Blair SN, Costa F, Franklin B, Fletcher GF, Gordon 
NF, Pate RR, Rodriguez BL, Yancey AK, Wenger NK; American 
Heart Association Council on Clinical Cardiology Subcommittee 
on Exercise, Rehabilitation, and Prevention; American Heart As-
sociation Council on Nutrition, Physical Activity, and Metabolism 
Subcommittee on Physical Activity. Exercise and physical activity 
in the prevention and treatment of atherosclerotic cardiovascular 
disease: a statement from the Council on Clinical Cardiology (Sub-
committee on Exercise, Rehabilitation, and Prevention) and the 
Council on Nutrition, Physical Activity, and Metabolism (Subcom-
mittee on Physical Activity). Circulation. 2003;107:3109–3116. 
doi: 10.1161/01.CIR.0000075572.40158.77.

 39. von Klot S, Mittleman MA, Dockery DW, Heier M, Meisinger C, Hör-
mann A, Wichmann HE, Peters A. Intensity of physical exertion and 
triggering of myocardial infarction: a case-crossover study. Eur 
Heart J. 2008;29:1881–1888. doi: 10.1093/eurheartj/ehn235.

 40. Canto JG, Iskandrian AE. Major risk factors for cardiovascular 
disease: debunking the “only 50%” myth. JAMA. 2003;290:947–
949. doi: 10.1001/jama.290.7.947.

 41. Edmondson D, Newman JD, Whang W, Davidson KW. Emotional 
triggers in myocardial infarction: do they matter? Eur Heart J. 
2013;34:300–306. doi: 10.1093/eurheartj/ehs398.

 42. Murray PM, Herrington DM, Pettus CW, Miller HS, Cantwell JD, 
Little WC. Should patients with heart disease exercise in the morn-
ing or afternoon? Arch Intern Med. 1993;153:833–836.

 43. Stewart RA, Robertson MC, Wilkins GT, Low CJ, Restieaux NJ. 
Association between activity at onset of symptoms and outcome 
of acute myocardial infarction. J Am Coll Cardiol. 1997;29:250–
253.

 44. Sumiyoshi T, Haze K, Saito M, Fukami K, Goto Y, Hiramori K. Evalu-
ation of clinical factors involved in onset of myocardial infarction. 
Jpn Circ J. 1986;50:164–173.

 45. Willich SN, Lewis M, Löwel H, Arntz HR, Schubert F, Schröder 
R. Physical exertion as a trigger of acute myocardial infarc-
tion: Triggers and Mechanisms of Myocardial Infarction Study 
Group. N Engl J Med. 1993;329:1684–1690. doi: 10.1056/
NEJM199312023292302.

 46. Baylin A, Hernandez-Diaz S, Siles X, Kabagambe EK, Campos H. 
Triggers of nonfatal myocardial infarction in Costa Rica: heavy 
physical exertion, sexual activity, and infection. Ann Epidemiol. 
2007;17:112–118. doi: 10.1016/j.annepidem.2006.05.004.

 47. Hallqvist J, Möller J, Ahlbom A, Diderichsen F, Reuterwall C, de 
Faire U. Does heavy physical exertion trigger myocardial infarc-

 by guest on A
ugust 22, 2017

http://circ.ahajournals.org/
D

ow
nloaded from

 

http://circ.ahajournals.org/


Exertion, Anger or Emotional Upset as Triggers of AMI

Circulation. 2016;134:1059–1067. DOI: 10.1161/CIRCULATIONAHA.116.023142 October 11, 2016

ORIGINAL RESEARCH 
ARTICLE

1067

tion? A case-crossover analysis nested in a population-based 
case-referent study. Am J Epidemiol. 2000;151:459–467.

 48. Steptoe A, Strike PC, Perkins-Porras L, McEwan JR, Whitehead 
DL. Acute depressed mood as a trigger of acute coronary syn-
dromes. Biol Psychiatry. 2006;60:837–842. doi: 10.1016/j.bio-
psych.2006.03.041.

 49. Möller J, Theorell T, de Faire U, Ahlbom A, Hallqvist J. Work 
related stressful life events and the risk of myocardial infarc-

tion: case-control and case-crossover analyses within the 
Stockholm Heart Epidemiology Programme (SHEEP). J Epi-
demiol Community Health. 2005;59:23–30. doi: 10.1136/
jech.2003.019349.

 50. Steptoe A, Molloy GJ, Messerli-Bürgy N, Wikman A, Randall G, 
Perkins-Porras L, Kaski JC. Fear of dying and inflammation follow-
ing acute coronary syndrome. Eur Heart J. 2011;32:2405–2411. 
doi: 10.1093/eurheartj/ehr132.

 by guest on A
ugust 22, 2017

http://circ.ahajournals.org/
D

ow
nloaded from

 

http://circ.ahajournals.org/


On behalf of the INTERHEART Investigators
Yusuf

Andrew Smyth, Martin O'Donnell, Pablo Lamelas, Koon Teo, Sumathy Rangarajan and Salim
Infarction: The INTERHEART Study

Physical Activity and Anger or Emotional Upset as Triggers of Acute Myocardial

Print ISSN: 0009-7322. Online ISSN: 1524-4539 
Copyright © 2016 American Heart Association, Inc. All rights reserved.

is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231Circulation 
doi: 10.1161/CIRCULATIONAHA.116.023142

2016;134:1059-1067Circulation. 

 http://circ.ahajournals.org/content/134/15/1059
World Wide Web at: 

The online version of this article, along with updated information and services, is located on the

 http://circ.ahajournals.org/content/suppl/2017/07/10/CIRCULATIONAHA.116.023142.DC2
 http://circ.ahajournals.org/content/suppl/2016/10/10/CIRCULATIONAHA.116.023142.DC1

Data Supplement (unedited) at:

  
 http://circ.ahajournals.org//subscriptions/

is online at: Circulation  Information about subscribing to Subscriptions:
  

 http://www.lww.com/reprints
 Information about reprints can be found online at: Reprints:

  
document. Permissions and Rights Question and Answer this process is available in the

click Request Permissions in the middle column of the Web page under Services. Further information about
Office. Once the online version of the published article for which permission is being requested is located, 

 can be obtained via RightsLink, a service of the Copyright Clearance Center, not the EditorialCirculationin
 Requests for permissions to reproduce figures, tables, or portions of articles originally publishedPermissions:

 by guest on A
ugust 22, 2017

http://circ.ahajournals.org/
D

ow
nloaded from

 

http://circ.ahajournals.org/content/134/15/1059
http://circ.ahajournals.org/content/suppl/2016/10/10/CIRCULATIONAHA.116.023142.DC1
http://circ.ahajournals.org/content/suppl/2017/07/10/CIRCULATIONAHA.116.023142.DC2
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://circ.ahajournals.org//subscriptions/
http://circ.ahajournals.org/


SUPPLEMENTAL MATERIAL 

  



Supplementary Table 1. Characteristics of Cohort 

Characteristic 

Age, years 58.8 (12.2) 

Sex, % (n) 
Male 75.9% (9,459) 

Female 24.1% (3,002) 

Ethnicity, % (n) 

European 26.6% (3,314) 

Chinese 25.1% (3,130) 

South Asian 17.4% (2,171) 

Other Asian 7.0% (871) 

Arab 10.5% (1,306) 

Latin American or Aboriginal 9.2% (1,141) 

Black African 1.3% (157) 

Coloured African 2.5% (311) 

Other 0.5% (60) 

Education, % (n) 

None 10.5% (1,284) 

1-8 years 34.5% (4,224) 

9-12 years 26.0% (3,177) 

Trade School 12.1% (1,485) 

College or University 16.9% (2,072) 

Smoking, % (n) 

Never Smoker 34.8% (4,223) 

Former Smoker 20.0% (2,422) 

Current Smoker 45.2% (5,488) 

Diabetes, % (n) 18.5% (2,269) 

Hypertension, % (n) 39.0% (4,803) 

Global Stress, %(n) 
None/Some periods  73.0% (8,739) 

Several/Permanent 27.0% (3,227) 

Obesity, % (n) 16.0% (1,934) 

 

  



Supplementary Table 1 (continued). Characteristics of Cohort 

Characteristic 

Medications, % (n) 

ACE inhibitor 13.3% (1,645) 

Aspirin 17.5% (2,171) 

Beta Blocker 10.9% (1,351) 

Cholesterol-lowering therapy 6.1% (750) 

Previous CVD, % (n) 
Stroke 5.1% (621) 

Angina 17.4% (2,137) 

Physical Activity, % (n) 

Mainly Sedentary 61.2% (7,462) 

Mild Exercise 24.6% (2,995) 

Moderate/Strenuous Exercise 14.3% (1,740) 

INTERHEART Risk Score, % (n) 

0-4 1% (130) 

5-9 10.3% (1,280) 

>=10 88.7% (11,051) 

Time of Onset of AMI, % (n) 

00:00-05:59 14.9% (1,851) 

06:00-11:59 29.5% (3,665) 

12:00-17:59 31.9% (3,996) 

18:00-23:59 23.7% (2,952) 

Day of Onset of AMI, % (n) 

Monday 17.09% (2,107) 

Tuesday 15.4% (1,912) 

Wednesday 15.1% (1,875) 

Thursday 13.7% (1,704) 

Friday 12.1% (1,503) 

Saturday 11.9% (1,483) 

Sunday 14.9% (1,848) 



Supplementary Table 2. Comparison of cohort by physical exertion in case period 

 No Physical Exertion 

(n=10,549) 

Physical Exertion 

(n=1,659) 

Age Group <45 years 82.1% (n=1,654) 17.9% (n=361) 

45-65 years 95.5% (n=5,648) 14.5% (n=959) 

 >65 years 90.6% (n=3,247) 9.4% (n=339) 

Gender Female 90.9% (n=2,655) 9.1% (n=267) 

Male 85.0% (n=7,894) 15.0% (n=1,392) 

Smoking 

Status 

Never Smoker 87.9% (n=3,693) 12.1% (n=510) 

Former Smoker 84.8% (n=2,047) 15.2% (n=367) 

Current Smoker 86.1% (n=4,692) 13.9% (n=759) 

Diabetes No 86.1% (n=8,569) 13.9% (n=1,383) 

Yes 87.8% (n=1,959) 12.2% (n=273) 

Hypertension No 85.5% (n=6,370) 14.5% (n=1,078) 

Yes 87.8% (n=4,164) 12.2% (n=578) 

Obesity No 86.5% (n=8,723) 13.5% (n=1,357) 

Yes 85.8% (n=1,653) 14.2% (n=274) 

Angina No 86.3% (n=8,678) 13.7% (n=1,382) 

Yes 87.1% (n=1,847) 12.9% (n=273) 

Stroke No 86.1% (n=9,961) 13.9% (n=1,604) 

Yes 91.6% (n=567) 8.4% (n=52) 

INTERHEART 

Risk Score 

0-4 83.7% (n=72) 16.3% (n=14) 

5-9 85.3% (n=1,012) 14.7% (n=175) 

>=10 86.6% (n=9,465) 13.4% (n=1,470) 

Physical 

Activity 

Mainly sedentary 89.0% (n=6,624) 11.0% (n=821) 

Mild exercise 86.3% (n=2,583) 13.7% (n=409) 

Moderate or Strenuous Activity 75.6% (n=1,313) 24.4% (n=424) 



Supplementary Table 2 (continued). Comparison of cohort by physical exertion in 

case period 

 No Physical Exertion 

(n=10,549) 

Physical Exertion 

(n=1,659) 

Aspirin No 85.9% (n=8,624) 14.1% (n=1,412) 

Yes 88.8% (n=1,900) 11.2% (n=239) 

Beta Blocker No 86.1% (n=9,345) 13.9% (n=1,508) 

Yes 89.1% (n=1,181) 10.9% (n=144) 

ACE Inhibitors No 85.9% (n=9,076) 14.1% (n=1,487) 

Yes 89.8% (n=1,449) 10.2% (n=165) 

Cholesterol 

Lowering 

No 86.4% (n=9,882) 13.6% (n=1,555) 

Yes 87.0% (n=641) 13.0% (n=96) 

Region Western Europe 84.0% (n=553) 16.0% (n=105) 

Central & Eastern Europe 85.6% (n=1,455) 14.4% (n=245) 

Middle East & Egypt 84.8% (n=1,362) 15.2% (n=244) 

Africa 87.9% (n=496) 12.1% (n=68) 

South Asia 88.4% (n=1,470) 11.6% (n=193) 

China & Hong Kong 90.9% (n=2,738) 9.2% (n=277) 

Southeast Asia & Japan 80.1% (n=750) 19.9% (n=186) 

Australia & New Zealand 81.8% (n=480) 18.2% (n=107) 

South America & Mexico 84.5% (n=1,008) 15.5% (n=185) 

North America 82.9% (n=237) 17.1% (n=49) 

Time of Onset 00:00 – 06:00 89.4% (n=1,614) 10.6% (n=191) 

06:00 – 12:00 88.8% (n=3,192) 11.2% (n=401) 

12:00 – 18:00 83.8% (n=3,266) 16.2% (n=630) 

18:00 – 24:00 85.0% (n=2,458) 15.0% (n=435) 



Supplementary Table 2 (continued). Comparison of cohort by physical exertion in 

case period 

 No Physical Exertion 

(n=10,549) 

Physical Exertion 

(n=1,659) 

Day of Onset Monday 86.2% (n=1,783) 13.8% (n=285) 

Tuesday 86.8% (n=1,630) 13.2% (n=247) 

Wednesday 87.0% (n=1,593) 13.0% (n=238) 

Thursday 85.7% (n=1,423) 14.3% (n=237) 

Friday 86.9% (n=1,282) 13.1% (n=193) 

Saturday 85.0% (n=1,236) 15.0% (n=219) 

Sunday 86.9% (n=1,581) 13.1% (n=239) 



Supplementary Table 3. Comparison of cohort by anger or emotional upset in case 

period 

 No Anger or 

Emotional Upset  

(n=10,549) 

Anger or Emotional 

Upset (n=1,659) 

Age Group <45 years 82.0% (n=1,652) 18.0% (n=363) 

45-65 years 84.6% (n=5,579) 15.4% (n=1,018) 

>65 years 89.7% (n=3,213) 10.3% (n=371) 

Gender Female 85.4% (n=2,493) 14.6% (n=428) 

Male 85.7% (n=7,951) 14.3% (n=1,324) 

Smoking 

Status 

Never Smoker 86.2% (n=3,619) 13.8% (n=581) 

Former Smoker 87.3% (n=2,105) 12.7% (n=306) 

Current Smoker 84.4% (n=4,598) 15.6% (n=849) 

Diabetes No 85.8% (n=8,527) 14.2% (n=1,417) 

Yes 85.1% (n=1,897) 14.9% (n=332) 

Hypertension No 85.5% (n=6,356) 14.5% (n=1,082) 

Yes 85.9% (n=4,072) 14.1% (n=668) 

Obesity No 85.8% (n=8,648) 14.2% (n=1,427) 

Yes 84.9% (n=1,635) 15.1% (n=290) 

Angina No 86.0% (n=8,641) 14.0% (n=1,410) 

Yes 84.1% (n=1,781) 15.9% (n=337) 

Stroke No 85.5% (n=9,882) 14.5% (n=1,673) 

Yes 87.7% (n=542) 12.3% (n=76) 

INTERHEART 

Risk Score 

0-4 93.0% (n=80) 7.0% (n=6) 

5-9 89.0% (n=1,054) 11.1% (n=131) 

>=10 85.2% (n=9,310) 14.8% (n=1,615) 

Global Stress None / Some Periods 89.2% (n=7,770) 10.8% (n=942) 

Several Periods / Permanent 75.5% (n=2,430) 24.5% (n=788) 

 



Supplementary Table 3 (continued). Comparison of cohort by anger or emotional 

upset in case period 

 No Anger or 

Emotional Upset  

(n=10,549) 

Anger or Emotional 

Upset (n=1,659) 

Depression No 89.1% (n=7,732) 10.9% (n=950) 

Yes 75.9% (n=2,083) 24.1% (n=663) 

Education None 87.0% (n=1,107) 13.0% (n=166) 

1-8 Years 87.4% (n=3,675) 12.6% (n=530) 

9-12 Years 85.6% (n=2,712) 14.2% (n=447) 

Trade School 83.0% (n=1,227) 17.0% (n=252) 

College or University 82.7% (n=1,704) 17.3% (n=356) 

Aspirin No 85.3% (n=8,547) 14.7% (n=1,477) 

Yes 87.7% (n=1,875) 12.3% (n=264) 

Beta Blocker No 85.6% (n=9,276) 14.4% (n=1,564) 

Yes 86.5% (n=1,147) 13.5% (n=179) 

ACE Inhibitors No 85.5% (n=9,020) 14.5% (n=1,531) 

Yes 86.9% (n=1,403) 13.1% (n=211) 

Cholesterol 

Lowering 

No 85.7% (n=9,788) 14.3% (n=1,638) 

Yes 85.9% (n=633) 14.1% (n=104) 

 

  



Supplementary Table 3 (continued). Comparison of cohort by anger or emotional 

upset in case period 

 No Anger or 

Emotional Upset  

(n=10,549) 

Anger or Emotional 

Upset (n=1,659) 

Region Western Europe 86.3% (n=568) 13.7% (n=90) 

Central & Eastern Europe 85.8% (n=1,457) 14.2% (n=241) 

Middle East & Egypt 79.1% (n=1,270) 20.9% (n=335) 

Africa 82.1% (n=463) 17.9% (n=101) 

South Asia 82.4% (n=1,368) 17.6% (n=293) 

China & Hong Kong 89.2% (n=2,688) 10.8% (n=324) 

Southeast Asia & Japan 91.2% (n=953) 8.8% (n=82) 

Australia & New Zealand 88.3% (n=518) 11.8% (n=69) 

South America & Mexico 84.8% (n=1,010) 15.2% (n=181) 

North America 87.4% (n=249) 12.6% (n=36) 

Time of Onset 00:00 – 06:00 85.8% (n=1,546) 14.2% (n=255) 

06:00 – 12:00 87.0% (n=3,124) 13.0% (n=468) 

12:00 – 18:00 85.4% (n=3,322) 14.6% (n=569) 

18:00 – 24:00 84.2% (n=2,433) 15.8% (n=458) 

Day of Week of 

Onset 

Monday 85.6% (n=1,767) 14.4% (n=297) 

Tuesday 84.0% (n=1,579) 16.0% (n=300) 

Wednesday 85.1% (n=1,558) 14.9% (n=272) 

Thursday 86.1% (n=1,425) 13.9% (n=229) 

Friday 86.6% (n=1,276) 13.4% (n=198) 

Saturday 86.2% (n=1,254) 13.8% (n=201) 

Sunday 86.1% (n=1,565) 13.9% (n=253) 
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通过医学培训获得保健咨询资格：预防和治疗心血管疾病和其他慢性病的必不可少的基础 

来自美国心脏协会的科学声明 

一个健康的生活方式是预防和治疗心血管疾病及其它非传染性疾病（NCDs）的基础。在初

级预防上的投入，包括健康危险行为的改变，与基于药物治疗的二级预防相比，能够导致4-6倍

的健康预后的改善。该科学声明的目的是为定义医学教育和培训的基础提供指南，而这些教育培

训能够让未来的医生精通保健用药。 

在这个声明中，我们给美国医学院院长和项目执行者建议了一个框架以整合学习目标，为了

提高未来医生的保健咨询能力。我们的目的不是主张医生应该知道所有的行为科学、营养、体育

活动以及烟草使用来决定健康和疾病，或建议他们成为所有这些领域的专家。反之，我们建议医

生与患者舒适地发起对话从而开始行为矫正，进行评估，提供基本建议，并鼓励健康的生活方式，

适时地转介患者到其他医疗专业人员处。许多机构是健康行为和保健咨询医学教育的领军代表，

但仍需要在全国范围内更广地实现保健咨询教育，以确保未来的医生准备好应对21世纪的主要

健康问题。该AHA声明从AAMC中引用增加了建议，并在MCAT中做了变更，以支持医学院管理

它们的课程结构（重构）。常言道，“评估驱动课程”；因此，委员会认证的改变也将是很有必要

的，以确保在美国机构中真正改变起来。对医生充分地培训保健咨询对预防和治疗心血管疾病和

其它NCDs来说是必不可少的。然而在人口层面，我们千万不要忘记我们所需要的。继续促进公

共卫生信息和政策实施，以营造一个环境来鼓励患者采取和维护医疗办讨论通过的健康行为。如

果我们从人口层面到个体层面都投入健康生活方式的推广、教育和干预，那么实现AHA2020的

目标将成为可能。医生是关键利益相关者，因为他们主张监督个人的护理和服务，从社会层面来

促进立法的改变，在社区层面促进人口健康。 

Marie-France Hivert, Circulation. 2016;134:e308–e327. 

 

 

运动和愤怒或情绪沮丧触发的急性心肌梗塞：INTERHEART 研究 

心血管疾病是导致全球死亡的主要原因。INTERHEART研究报道，有大于90%的心肌梗死

的风险来源于长期接触9大风险因素。大多数的长期暴露（如脂类，肥胖）是通过中间表型（动

脉粥样硬化改变），而非引发急性动脉粥样硬化斑块破裂，来诱发急性心肌梗死（AMI）的。观察

研究发现AMI潜在的外部诱因包括体力活动和愤怒或情绪沮丧。然而，几乎毫无例外的，纳入的

研究样本量小（n<2000），主要是在一个国家或地区（主要是西方国家）完成。随着长期暴露于

心血管危险因素，潜在的AMI诱因的发生率也随地区而变化；一个地区或民族里很重要的诱因在

别的地区或民族可能并不相同。因此需要大型国际研究运用标准方法来确定是否诱发危险因素

的重要性有变化，以及确定其他可能改变这种关联的因素。在INTERHEART研究中，我们探讨

了急性运动以及愤怒或情绪沮丧与AMI之间的诱发关联性，以量化这些潜在触发因子在大型国际

人群中的重要性。 

INTERHEART研究是在52个国家的262个中心完成的首次AMI的病例对照研究。在该分析



中,，我们只纳入AMI病例，运用病例交叉的方法评估诱因在1小时内触发AMI的优势比。 

在12461位纳入的AMI患者中，平均年龄为58.1岁（SD，12.2岁），75.9%（n=9459）为男

性，有来自多个种族的代表。在病例期间（症状发生前1个小时）13.6%的人（n=1650）在运动，

14.4%（n=1752）的人在生气或情绪沮丧。病例期间运动和AMI几率上升有关（优势比OR，2.31；

99%置信区间[CI]，1.96-2.72），人群归因风险为7.7%（99% CI，6.3-8.8）。病例时期愤怒或情

绪沮丧增加的AIM几率（OR，2.44；99% CI，2.06-2.89），其人群归因风险为8.5%（99% CI，

7.0-9.6）。改变地区、之前经历过的心血管疾病、心血管危险因素负担、预防心血管药物、每天

的时间或AIM发病的时间，均没有影响。病例时期的运动和愤怒或情绪沮丧都与AMI几率的进一

步增加有关（OR，3.05；99% CI，2.29-4.07；交叉P<0.001）。 

综上所述，体力消耗和愤怒或情绪沮丧在AMI症状出现前1个小时是很常见的，任何一个暴

露都可能作为触发AMI的外部诱因。最强的关联体现在AMI症状出现前1个小时同时体力消耗以

及愤怒或情绪沮丧的情况。我们的报告在地区，先前的心血管疾病，预防心血管药物，心血管危

险因子以及INTERHEART风险评分上均无差异。 

(Circulation. 2016;134:1059–1067. DOI: 10.1161/CIRCULATIONAHA.116.023142) 

  




