
Triggers of stroke: anger, emotional upset, and

heavy physical exertion. New insights from the

INTERSTROKE study

Susanne Wegener *12

1Department of Neurology, University Hospital Zurich (USZ) and University of Zurich (UZH), Switzerland; and 22

Clinical Neuroscience Center, University Hospital Zurich,
University of Zurich, Switzerland.

This editorial refers to ‘Anger or emotional upset and heavy physical exertion as triggers of stroke: the INTERSTROKE

study’, by A. Smyth et al., https://doi.org/10.1093/eurheartj/ehab738.

Graphical Abstract Negative emotions and physical exertion may trigger stroke.

The opinions expressed in this article are not necessarily those of the Editors of the European Heart Journal or of the European Society of Cardiology.
* Corresponding author. Department of Neurology UniversitatsSpital Zurich, Frauenklinikstrasse 26, 8091 Zurich, Switzerland. Tel: þ41 44 2551111,
Email: Susanne.Wegener@usz.ch
VC The Author(s) 2021. Published by Oxford University Press on behalf of the European Society of Cardiology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact
journals.permissions@oup.com

EDITORIAL
https://doi.org/10.1093/eurheartj/ehab755
European Heart Journal (2022) 43, 210–212

https://orcid.org/0000-0003-4369-7023
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/


..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
‘Could it be that my stroke was brought on by emotional stress?’
This is a common question of stroke survivors directed to their
physicians at follow-up. Stroke is a drastic event. Concerns about
recurrent symptoms initiate the search for potential triggers—
something one can control and change for good. A typical answer
would be that indeed, extreme physical or emotional stress are
risk factors for stroke, but their role as immediate triggers of
stroke is unclear.

For heart disease, emotional and physical stress are known to pro-
voke ischaemic events, particularly in vulnerable individuals.1 Many of
us know examples of how this observation has expanded into cul-
tural narratives: such as in ‘The Godfather’, where Don Vito Corleone
suffers a heart attack while playing with his grandson—physical exer-
tion.2,3 Pathophysiological arguments for emotional and physical fac-
tors inducing myocardial ischaemia include constriction of coronary
arteries through sympathomimetic activation, or vessel obstruction
due to prothrombotic activity, causing rupture of a pre-existing ath-
erosclerotic plaque.1 However, stroke aetiology is very heteroge-
neous.4 To most stroke neurologists, with the exception of cervical
artery dissection induced by trauma and indicated by a characteristic
neck pain, triggers for stroke are less obvious. Therefore, while some
studies have suggested that there may be physical or emotional trig-
gers for stroke similar to myocardial infarction,5–7 convincing evi-
dence from large multinational cohorts has been lacking so far.

The study of Smyth et al., published in this issue of the European
Heart Journal, sheds new light on this important issue.8 The authors
present data from the INTERSTROKE study, spanning 32 countries
and including 13 462 participants who had suffered a first ever ischae-
mic or haemorrhagic stroke. INTERSTROKE was designed to ex-
plore potentially modifiable risk factors for stroke and their
importance for different populations worldwide. It reported that 10
potentially modifiable vascular risk factors collectively account for
�90% of the population’s attributable risk of stroke.9 In addition to
chronic factors accumulating to contribute to risk over time, another
goal of INTERSTROKE was to search for potential triggers of stroke:
anger, emotional upset, or heavy physical exertion. During the first
72 h after stroke, participants (either independently or supported by
their families) completed a questionnaire asking them if they had
been ‘angry or upset’ or if they had ‘engaged in heavy physical exer-
cise’ within the hour before stroke (case period) and during the same
time on the day before (control period). Thus, in this case-crossover
study, each participant served as her/his own control. An advantage
of this approach is that it accounts for the fact that the perspective of
what is upsetting or considered heavy exercise is very individual. The
authors grouped strokes into ‘ischaemic’, ‘hamorrhagic’, or ‘all
strokes’. They adjusted their analyses of the potential triggers for a
potential interaction between them. Since the patient group was
large and risk factors as well as baseline clinical information were
available, it was possible to stratify for age groups and traditional risk
factors. Furthermore, triggers were placed into the individual context
of pre-existing conditions: physical exertion stratified by level of indi-
vidual baseline physical activity, and anger/emotional upset by pre-
existing psychosocial factors, such as depression and presence of
chronic stress.

Anger and emotional upset during the case period were reported
by 9.2% of participants, while heavy physical exertion was reported

by 5.3%. Younger age, male sex, higher body mass index (BMI), higher
education, and higher levels of baseline stress and depression were
more common among those stroke patients with reported anger and
emotional upset as potential triggers. Stroke patients indicating heavy
physical exertion during the case period were more likely to be
younger, more often male, current smokers, and not suffering from
diabetes. Their baseline level of physical activity was higher, as was
their systolic blood pressure on admission. These group differences
are very interesting per se. While the association of negative emo-
tions with stress or depression is in line with our knowledge about
stress and cardiovascular disease, the association of higher education
in participants reporting anger and emotional upset warrants further
investigation.10 Notably, these group differences were adjusted for in
the analyses of associations between the two types of triggers (emo-
tional vs. physical) on the different types of stroke (ischaemic, haem-
orrhagic, and all). As a result, the authors found that anger and
emotional upset during the case period were associated with all
strokes, ischaemic stroke, and haemorrhagic stroke. Heavy physical
exertion during the case period was only associated with haemor-
rhagic stroke [odds ratio (OR) 1.62, 99% confidence interval (CI)
1.03–2.55]. Intriguingly, the odds of suffering a stroke after a potential
emotional trigger were greater in patients without prior depression
and with lower educational status. The odds of suffering a stroke after
heavy exercise were greatest in women and lowest in patients with
normal BMI (Graphical Abstract).

The novel data obtained in a large multinational cohort convincing-
ly show that anger and emotional upset are common before stroke,
and that their experience is associated with an increased risk of suf-
fering a stroke immediately afterwards, suggesting that they could be
stroke triggers. Heavy physical exertion was associated with haemor-
rhagic stroke only. No clear causality can be drawn from these
results. However, it is plausible to speculate that increased sympa-
thetic tone and catecholamine excretion contribute to stroke due to
vasoconstriction or cardiac arrhythmia in cases of feelings of upset. In
the case of heavy physical exertion, acute increases in blood pressure
may increase the risk for brain haemorrhage. Smyth et al. had per-
formed a similar analysis previously in data from the INTERHEART
study.3 It is noteworthy that in these acute myocardial infarction
(AMI) patients, both physical activity and anger or emotional upset
during the case period were associated with an increased odds of
AMI, which was overall higher than that of stroke in INTERSTROKE
(OR 3.05, 99% CI 2.29–4.07).

What does this study contribute to the field? Definitely, anger and
emotional upset should be avoided, and physical exertion should not
exceed the limits of individual capacity. Although INTERSTROKE
was conducted in patients with first-ever ischaemic stroke, it is likely
that this advice is even more important for secondary stroke preven-
tion, which will have to be addressed in future studies. Furthermore,
the study provides strong support for the recent concept of negative
emotions and stress in the pathophysiology of cardiovascular disease.
For the stroke survivor asking ‘Could it be that my stroke was
brought on by emotional stress?’ the answer would be ‘Yes, this is
possible.’ Future research, possibly supported by stress indicators
from wearable devices, will identify more potential triggers of stroke
and delineate who is at particular risk.
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