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Trigger Factors for Spontaneous Intracerebral 
Hemorrhage: A Case-Crossover Study
Ellis S. van Etten , MD*; Kanishk Kaushik , MD*; Wilmar M.T. Jolink , MD, PhD; Emma A. Koemans , MD;  
Merel S. Ekker , MD; Ingeborg Rasing , MD; Sabine Voigt, BSc; Floris H.B.M. Schreuder , MD, PhD;  
Suzanne C. Cannegieter , MD, PhD; Gabriël J.E. Rinkel, MD, PhD; Willem M. Lijfering, MD, PhD;  
Catharina J.M. Klijn , MD, PhD; Marieke J.H. Wermer , MD, PhD

BACKGROUND: Whether certain activities can trigger spontaneous intracerebral hemorrhage (ICH) remains unknown. Insights 
into factors that trigger vessel rupture resulting in ICH improves knowledge on the pathophysiology of ICH. We assessed 
potential trigger factors and their risk for ICH onset.

METHODS: We included consecutive patients diagnosed with ICH between July 1, 2013, and December 31, 2019. We 
interviewed patients on their exposure to 12 potential trigger factors (eg, Valsalva maneuvers) in the (hazard) period soon 
before onset of ICH and their normal exposure to these trigger factors in the year before the ICH. We used the case-
crossover design to calculate relative risks (RR) for potential trigger factors.

RESULTS: We interviewed 149 patients (mean age 64, 66% male) with ICH. Sixty-seven (45%) had a lobar hemorrhage, 60 
(40%) had a deep hemorrhage, 19 (13%) had a cerebellar hemorrhage, and 3 (2%) had an intraventricular hemorrhage. For 
ICH in general, there was an increased risk within an hour after caffeine consumption (RR=2.5 [95% CI=1.8–3.6]), within 
an hour after coffee consumption alone (RR=4.8 [95% CI=3.3–6.9]), within an hour after lifting >25 kg (RR=6.6 [95% 
CI=2.2–19.9]), within an hour after minor head trauma (RR=10.1 [95% CI=1.7–60.2]), within an hour after sexual activity 
(RR=30.4 [95% CI=16.8–55.0]), within an hour after straining for defecation (RR=37.6 [95% CI=22.4–63.4]), and within 
an hour after vigorous exercise (RR=21.8 [95% CI=12.6–37.8]). Within 24 hours after flu-like disease or fever, the risk for 
ICH was also increased (RR=50.7 [95% CI=27.1–95.1]). Within an hour after Valsalva maneuvers, the RR for deep ICH was 
3.5 (95% CI=1.7–6.9) and for lobar ICH the RR was 2.0 (95% CI=0.9–4.2).

CONCLUSIONS: We identified one infection and several blood pressure related trigger factors for ICH onset, providing new 
insights into the pathophysiology of vessel rupture resulting in ICH.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.

Key Words: blood pressure ◼ caffeine ◼ cerebral hemorrhage ◼ risk ◼ Valsalva maneuver

Spontaneous intracerebral hemorrhage (ICH) is the 
second most common cause of stroke.1 With a 
median 30-day case fatality of 40%,2 it is also the 

deadliest and most debilitating type of stroke. Estab-
lished long-term risk factors for ICH include higher age, 
male sex, hypertension, diabetes, underweight, high 
alcohol intake, being black or from Hispanic origin, and 

apolipoprotein E genotype.3–6 Most of these risk fac-
tors are involved only in the development of the under-
lying small vessel disease but not in the actual vessel 
rupture resulting in an ICH. Hypertension might be an 
exception, because it not only increases the underlying 
small vessel disease, but may also be involved in the 
actual rupture of the vessel.7 ICH has been reported to 
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occur during hypertensive crises,8 after a sudden rise 
in blood pressure due to sudden emotional upset,9 and 
while squatting.10 Moreover, mean systolic blood pres-
sure has been shown to be increased in the days and 
weeks before ICH.11

Rupture of intracranial aneurysms12 and ischemic 
stroke13 can be triggered by several trigger factors 
associated with acute, short-term surge in blood pres-
sure, including caffeine consumption, emotional stress, 
vigorous physical exercise, sexual activity, and Valsalva 
maneuvers.12,14 Moreover, systemic infection has been 
associated with triggering ischemic stroke.15 Previous 
studies on trigger factors for ICH found an increased 
risk within hours after exposure to low ambient tem-
perature.16,17 Until now, trigger factors clearly related 
to short-term increase of blood pressure have likely 
been underreported. Whether certain blood pressure 
increasing factors like vigorous exercise or Valsalva 
maneuvers can actually trigger the acute vessel rup-
ture resulting in ICH remains to be determined. Identi-
fying trigger factors might improve our understanding 
of the final part of the cascade leading up to a vessel 
rupture causing ICH.

We aimed to study exposure to an array of potential 
trigger factors including infection, extreme temperature 
change, and several blood pressure increasing factors 
and their risk for developing ICH.

METHODS
Study Design, Setting, and Participants
We performed a case-crossover study among patients with 
acute ICH. We included consecutive ICH patients who were 
admitted to 3 university hospitals in the Netherlands: Leiden 
University Medical Center in Leiden, University Medical Center 
in Utrecht, and Radboud University Medical Center in Nijmegen 
and who were eligible for the FETCH study (Finding the 
Etiology in spontaneous Cerebral Hemorrhage). All patients 
who were ≥18 years of age, who presented with an ICH to 
one of the 3 hospitals between July 1, 2013, and December 
31, 2019, and who had computed tomography-confirmed ICH 
were assessed for inclusion in this study. We excluded patients 
with an ICH secondary to trauma, a macrovascular cause, hem-
orrhagic transformation of an ischemic stroke, or tumor-asso-
ciated hemorrhages. Patients who were unable to complete 
the questionnaire due to cognitive deficits, due to aphasia, who 
did not speak Dutch, who had a disturbance of consciousness, 
or who were missed because of transfer to another hospital 

were excluded. The FETCH study was approved by the Medical 
Ethics Review Committee of the University Medical Center in 
Utrecht, and informed consent was obtained. Patients who had 
a spontaneous ICH but who were not eligible for the FETCH 
study or who declined participation in the FETCH study, but 
who were still able and willing to complete a structured ques-
tionnaire were also included. The Medical Ethics Review 
Committee concluded that completing the questionnaire with-
out participating in the FETCH study did not fall under the med-
ical research on human subjects act (non-WMO). According to 
the AHA Journals’ Guidelines, anonymized data are available by 
reasonable request to the first author. The STROBE checklist 
can be found in the Supplemental Material.

Trigger Factors
We constructed a questionnaire based on 2 previous studies 
for trigger factors for aneurysm rupture12 and acute ischemic 
stroke.18 To minimize recall bias, patients were interviewed 
within days or weeks after admission. If patients were unable 
to complete the questionnaire in one session, the interview was 
interrupted and continued at a later time. Time of ICH onset 
was defined as the time at which patients had noted symptoms. 
Baseline characteristics, including age, sex, anticoagulation 
use, and medical history, were obtained by reviewing hospital 
records. The location of the ICH was determined by evaluat-
ing the computed tomography images and the radiology report. 
ICH location was divided into deep, lobar, cerebellar, and intra-
ventricular hemorrhage. ICH likely originating from the basal 
ganglia or thalamus were considered deep and ICH likely origi-
nating at the cortical and subcortical junction were considered 
lobar. Potential trigger factors included alcohol (all types, beer, 
wine, and liquor) and drug use (cocaine and marijuana), caf-
feine consumption (all types, coffee, caffeinated tea, and cola), 
cigarette smoking, vigorous exercise (metabolic equivalent of 
task ≥6, which corresponds to vigorous intensity activities like 
jogging or rope jumping), extreme temperature change (eg, vis-
iting a sauna or taking an ice bath), flu-like disease or fever, 
minor head trauma (ie, bumping one’s head before symptom 
onset, excluding evident traumatic hemorrhage), sexual activity, 
using sildenafil, strong emotions (eg, bursts of anger, experi-
encing strong positive or negative emotions, and startling), and 
Valsalva maneuvers (all types, coughing, sneezing, nose blow-
ing, straining for defecation, and lifting >25 kg). For each of the 
potential trigger factors, patients were asked about exposure to 
each individual trigger factor in the previous year, time between 
ICH onset and their previous exposure, exposure shortly before 
ICH onset (observed exposure during the hazard period), and 
usual frequency of exposure (expected exposure). Data were 
checked for reliability, by asking for both time since previous 
exposure and exposure in the hazard period. The hazard period 
was defined for each potential trigger, based on the estimated 
duration effect, with a minimum induction time of zero. The 
hazard period was defined as 1 hour for caffeine consump-
tion (coffee, cola, and caffeinated tea), smoking, emotions, 
extreme temperature changes, Valsalva maneuvers (coughing, 
sneezing, straining, and lifting ≥25 kg), sexual activity, exercise 
with a metabolic equivalent of task ≥6, and minor head trauma. 
The hazard period was 4 hours for use of cocaine, marijuana, 
or sildenafil. The hazard period was 24 hours for flu-like dis-
ease and fever. The hazard period for alcohol consumption was 
defined as 1 hour since alcohol absorption peaks at around 1 

Nonstandard Abbreviations and Acronyms

FETCH  Finding the Etiology in Spontaneous 
Cerebral Hemorrhage

ICH intracerebral hemorrhage
RR relative risk
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hour, and it is eliminated in about 6 hours, with the elimination 
rate decreasing with increased consumption.

Statistical Analysis
We used a case-crossover design as it is very well suited to 
study the effect of an intermittent exposure (ie, trigger or trig-
ger factor), with an immediate and transient effect on risk of 
developing a suddenly occurring outcome (in this case a ICH).19 
With this design, the relative risk (RR) with corresponding 95% 
CI can be estimated by calculating the ratio of the frequency 
of the exposure shortly before the ICH and the expected fre-
quency using control information.20–22 By using each case as its 
own control, this method eliminates bias and fixed confounding 
by chronic risk factors and subject characteristics.19 The RR 
with a 95% CI were calculated for each trigger factor using the 
Mantel-Haenszel method for sparse data and using a condi-
tional logistic regression analysis.19,20,23,24 When patients were 
not exposed in the year before the ICH, they were excluded 
from the analysis of that particular trigger factor. Patients 
were considered always exposed when, based on the average 
frequency of exposure and the corresponding hazard period, 
there were no unexposed hours in the year before the ICH. 
Assuming a 20% to 80% exposure in the hazard period of the 
population, differing per triggering factor, a sample size of 150 
would be sufficient to have 90% power and 2-tailed signifi-
cance (α=0.05). This sample size would allow us to detect, for 
example, a RR of at least 2.3 for smoking, and a RR of at least 
3.2 for physical exercise and alcohol consumption. To prevent 
reverse causation bias, unidirectional sampling was used for all 
analyses.25 The population attributable fraction, defined as the 
proportion of the study population attributable to the exposure 
to a possible trigger,12,26 was calculated for the different triggers 
that showed a statistically significant increased RR. Although 
this study was not specifically powered for analyzing RRs per 
ICH location, the RRs were calculated for patients with lobar 
and patients with deep ICH separately (excluding cerebellar 
and intraventricular hemorrhages). For this subanalysis, we cal-
culated the RRs for trigger factors for which at least 90% of 
patients were exposed in the year previous to the hemorrhage 
to avoid analyzing trigger factors with very few numbers of expo-
sure. To assess potential bias introduced by unreliable data, we 
performed 2 sensitivity analyses. For the first sensitivity analy-
sis, we excluded patients with unreliable data (eg, when for an 
individual patient there was a discrepancy between the answer 
for time since last exposure and the answer for exposure in the 
hour before ICH onset, or when patients said that they never 
coughed in the year before the ICH which seems unlikely). For 
the second sensitivity analysis, we excluded patients who com-
pleted the questionnaire later than 2 weeks after ICH onset. 
We also performed a Holms-Bonferroni post hoc analysis for 
multiple hypothesis testing. Data analysis was performed using 
R (version 3.6.2). We followed the Strengthening the Reporting 
of Observational Studies in Epidemiology reporting guideline.

RESULTS
We included 149 patients (mean age 64 years ±13 SD; 
99 [66%] male) of a total of 1324 patients admitted to 
the 3 university hospitals. Patient selection is shown in 
the Figure. Of the 149 patients, 67 (45%) had a lobar 

ICH, 60 (40%) had a deep ICH, 19 (13%) had a cer-
ebellar ICH, and 3 (2%) had an intraventricular hemor-
rhage. Baseline characteristics of the included patients 
are summarized in Table 1. The median duration between 
ICH onset and the interview was 6 days (interquartile 
range, 3 to 12 days).

Trigger Factors for ICH in General
For all ICH combined showed in Table 2, the risk for devel-
oping an ICH was 2.5 times higher in the hour after caf-
feine consumption (95% CI=1.8–3.6, Table 2) compared 
with the hours not consuming caffeine. This increased 
risk was mainly driven by coffee consumption (RR=4.8 
[95% CI=3.3–6.9]). Minor head trauma (RR=10.1 [95% 
CI=1.7–60.2]), sexual activity (RR=30.4 [95% CI=16.8–
55.0]), strong emotions (RR=5.7 [95% CI=2.2–14.6]), 
Valsalva maneuvers (RR=2.3 [95% CI=1.4–3.6]), and 
vigorous exercise (RR=21.8 [95% CI=12.6–37.8]) also 
increased the risk of ICH onset in the hour after expo-
sure to these trigger factors. Within 24 hours after flu-
like disease or fever the risk for ICH was also increased 
(RR=50.7 [95% CI=27.1–95.1]). After correcting for 
multiple hypothesis testing, caffeine consumption (all 
types combined and coffee), flu-like disease or fever, 
minor head trauma, sexual activity, 2 Valsalva maneuvers 
(straining for defecation and heavy lifting), and vigor-
ous exercise showed a statistically significant increased 
risk for ICH (Table 2). Population attributable fractions 
were 27.7% for caffeine (all types), 33.9% for coffee 
alone, 18.2% for vigorous exercise, 17.0% for straining 

Figure. Patient selection for the 3 University Medical Centers 
combined.
ICH indicates intracerebral hemorrhage. *Other: this includes 
patients unable to complete the questionnaire due to cognitive 
deficits, due to aphasia, who did not speak Dutch, who had a 
disturbance of consciousness, or who were missed because of 
transfer to another hospital.
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for defecation, 13.6% for flu-like disease or fever, 9.1% 
for sexual activity, 6.0% for heavy lifting, and 1.2% for 
minor head trauma (Table 3). Smoking, alcohol consump-
tion, and temperature change did not show an increased 
risk for triggering an ICH (Table 2). The small number 
of patients who answered to have used marijuana (n=4) 
or cocaine (n=1) or had used sildenafil (n=4) precluded 
analysis of these potential triggers. The sensitivity analy-
ses excluding unreliable data or data from patients who 
completed the questionnaire later than 2 weeks showed 
similar results (Table 4).

Trigger Factors for Deep and Lobar ICH
When looking at lobar (n=67) and deep ICH (n=60) 
separately, at least 90% of patients were exposed to caf-
feine consumption and Valsalva maneuvers (all maneu-
vers combined) in the year previous to the ICH. Valsalva 
maneuvers seemed to have an increased risk for ICH 
onset in deep ICH (RR=3.5 [95% CI=1.7–6.9]). In lobar 

ICH patients, the risk for ICH within an hour after Val-
salva maneuvers was not significantly increased (RR=2.0 
[95% CI=0.9–4.2]). The risk for ICH onset after caffeine 
consumption was similar for deep ICH (RR=2.5 [95% 
CI=1.4–4.4]) and lobar ICH (RR=2.8 [95% CI=1.7–4.8]).

DISCUSSION
We found that caffeine consumption, minor head trauma, 
sexual activity, 2 Valsalva maneuvers (straining for defeca-
tion and lifting >25 kg), and vigorous exercise were associ-
ated with developing a ICH within 1 hour after exposure. 
Flu-like disease or a fever was associated with develop-
ment an ICH within 24 hours after exposure. The largest 
population attributable fraction was for coffee consumption.

Several blood pressure increasing factors were asso-
ciated with a higher risk of ICH onset, including caffeine 
consumption, sexual activity, Valsalva maneuvers, and 
vigorous exercise. The observed increased risk of caf-
feine consumption for vessel rupture causing ICH, that 
seemed mainly driven by drinking coffee, is in concor-
dance and of similar magnitude as in previous research 
on rupture of intracranial aneurysms (RR=1.7 [95% 
CI=1.2–2.4]).12,27 Caffeine as a trigger factor for ICH can 
be explained biologically by 2 pathways. First, it has been 
shown that shortly after caffeine consumption, blood 
pressure increases,28 potentially triggering the onset of 
an ICH. Second, coffee consumption has been associ-
ated with changes in hemostatic factors. In a study on 
venous thrombosis, coffee consumers had lower coagu-
lation factor VIII levels and a lower risk of thrombosis 
than nonconsumers.29 A possible explanation could be 
that the anti-inflammatory properties of coffee and their 
effect on endothelial cells and thrombocytes lowers the 
level of the von Willebrand Factor which is in complex 
with factor VIII.30 Although changes in hemostatic fac-
tors do not directly cause bleeding but rather turn a small 
bleed caused by the underlying small vessel disease 
into a large bleed, this might trigger ICH in patients with 
underlying small vessel disease. For straining, vigorous 
exercise, sexual activity, and heavy lifting, an increase in 
blood pressure also seems the likely pathophysiologi-
cal process causing onset of ICH. Sudden increase of 
blood pressure due to squatting has been shown to be 
associated with onset of ICH.10 The observed association 
of exercise as a trigger factor has previously also been 
demonstrated for rupture of intracranial aneurysms.12

In the case of ICH following within an hour after 
minor head trauma, the mechanistic pathway seems less 
straightforward. Pain could cause a sudden rise in blood 
pressure through activation of the sympathetic nervous 
system.31 However, although we excluded evident trau-
matic ICH, also the minor head trauma might still have 
triggered ICH through the direct traumatic disruptions 
of the cerebral vessels and damage to the blood brain 
barrier. Furthermore, besides direct injury, secondary 

Table 1. Baseline Characteristics

Variables ICH patients, n=149

Age 64±13

Men 99 (66%)

Site intracerebral hemorrhage

 Lobar 67 (45%)

 Deep 60 (40%)

 Cerebellar 19 (13%)

 Intraventricular 3 (2%)

Past medical history

 Hypertension 79 (53%)

 Hypercholesterolemia 44 (30%)

 Previous ICH 10 (7%)

 Diabetes 23 (15%)

 Cardiac disease 32 (22%)

 Atrial fibrillation 26 (17%)

Anticoagulation use

 Vitamin K antagonists 23 (15%)

 NOAC 6 (4%)

 LMWH 2 (1%)

Cigarette smoking*

 Never 61 (41%)

 Past 58 (39%)

 Current <20 cigarettes/d 21 (14%)

 Current ≥20 cigarettes/d 6 (4%)

Alcohol, units/wk*

 0 45 (30%)

 ≤14 83 (56%)

 >14 17 (12%)

Values are displayed as mean±SD, or n (%). ICH indicates intracerebral 
hemorrhage; LMWH, low molecular weight heparin; and NOAC, non-vitamin K 
antagonist oral coagulants.

*2% missing values.
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coagulopathy has also been described in patients with 
traumatic brain injury.32 Whether the mechanisms seen 
in patients with traumatic brain injury can be applied to 
minor head trauma remains uncertain.

An ICH might be triggered by flu-like disease or 
fever through endothelial dysfunction, thrombophilia, 
and coagulopathy following systemic inflammation.15,33 
Although our estimate for the risk of ICH triggered by 
flu-like disease or fever was imprecise, this association 
has been demonstrated in previous studies.34,35 A case-
crossover study investigating the occurrence of sepsis or 
septicemia during different time windows before stroke 
onset, showed that the risk for ICH was increased (odds 
ratio=16.0 [95% CI=11.8–21.8]) with sepsis or septice-
mia during the 30 days before stroke onset.34 Similarly, 
a population-based longitudinal study in Taiwan showed 
that patients with septicemia had an increased risk for 
ICH within 6 months (hazard ratio=1.82 [95% CI=1.35–
2.46]).35 In both studies, the increased risk gradually 
declined over time. Furthermore, it is worth mentioning 

that there is increasing evidence for an association 
between a SARS-CoV-2 infection and ICH.36

It is important to note that the reported RRs for these 
trigger factors represent a short-term increased risk 
in the short exposure (hazard) period and that they do 
not represent a cumulative risk over a longer period of 
time. A steep increase of blood pressure has previously 
been described in the days and weeks before ICH.11 In 
addition, our data suggest that a sudden, short lasting 
increase in blood pressure in the hour before an ICH 
provokes rupture of a vessel. In most instances of ICH, 
patients have underlying small vessel disease, such as 
hypertensive (atherosclerotic) arteriopathy or cerebral 
amyloid angiopathy.37 In these patients at increased risk 
for ICH, these trigger factors that are normally innocent 
and routine actions, can now be the last step in a lon-
ger cascade leading up to an ICH. In that sense, the 
increased risks of these trigger factors provide insights 
into the pathophysiological mechanisms triggering ves-
sel rupture in ICH.

Table 2. RR and 95% CI for Trigger Factors for ICH

Trigger factors
No. exposed in 
previous year

No. exposed in 
hazard period

No. not included (not 
exposed, missing data) RR (95% CI)

Alcohol

 All types 118 3 (29, 2) 0.3 (0.1–1.1)

 Beer 62 1 (86, 1) 0.1 (0.0–2.4)

 Wine 87 0 (62, 0) …

 Liquor 43 2 (105, 1) 2.9 (0.6–13.6)

Caffeine

 All types 142 54 (6, 1) 2.5 (1.8–3.6)*

 Coffee 131 42 (15, 3) 4.8 (3.3–6.9)*

 Tea 87 11 (59, 3) 7.0 (4.2–11.7)

 Cola 70 5 (77, 2) 8.9 (4.6–17.3)

Cigarette smoking 33 9 (116, 0) 0.7 (0.3–1.9)

Exercise, MET ≥6 82 16 (66, 1) 21.8 (12.6–37.8)*

Valsalva maneuvers

 All types 137 29 (12, 0) 2.3 (1.4–3.6)

 Coughing 95 8 (49, 5) 12.4 (7.8–19.8)

 Sneezing 115 5 (30, 4) 5.0 (2.9–8.7)

 Nose blowing 93 7 (50, 6) 56.4 (29.9–106.2)

 Straining for defecation 59 5 (86, 4) 37.6 (22.4–63.4)*

 Lifting >25 kg 58 6 (91, 0) 6.6 (2.2–19.9)*

Temperature change 23 1 (126, 0) 13.2 (1.5–113.4)

Flu-like disease or fever 60 16 (89, 0) 50.7 (27.1–95.1)*

Minor head trauma 36 2 (113, 0) 10.1 (1.7–60.2)*

Strong emotions 60 7 (89, 0) 5.7 (2.2–14.6)

Sexual activity 70 5 (78, 1) 30.4 (16.8–55.0)

Example: the RR for all types of caffeine was 2.5, this was calculated using data from 142 patients who drank caffeine containing bever-
ages in the year before the ICH, of which none of the patients were always exposed and 54 were exposed to drinking caffeine in the hour 
before the ICH (hazard period). Six patients did not drink caffeine in the year before the ICH (not exposed) and 1 patient had missing data. 
The few patients who answered to have used marijuana (n=4) or cocaine (n=1) or had used sildenafil (n=4) precluded analysis of these 
potential triggers. MET ≥6 corresponds to vigorous intensity activities. ICH indicates intracerebral hemorrhage; MET, metabolic equivalent 
of task; and RR, relative risk.

*After correcting for multiple testing, these relative risks remained statistically significantly increased.
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Although this study was not sufficiently powered 
to assess the difference in RR between lobar (often 
associated with cerebral amyloid angiopathy) and 
deep ICH (often associated with hypertensive arteri-
opathy), Valsalva maneuvers seemed to increase the 

risk for deep ICH onset more strongly than lobar ICH. 
This might be due to the fact that superficial perfo-
rating arterioles are less susceptible to increased 
blood pressure than perforation arterioles in the basal 
ganglia.38

Table 4. RR and 95% CI for Spontaneous Intracerebral Hemorrhage for Trigger Factors Excluding 
(1) Unreliable Data and (2) Patients That Were Interviewed Later Than 14 Days After Intracerebral 
Hemorrhage Onset

Trigger factors
% Unreliable data 
in main analysis RR (95% CI)

% Interviewed >14 
d in main analysis RR (95% CI)

Alcohol

 All types 15 0.4 (0.1–1.4) 14 0.3 (0.1–2.1)

 Beer 19 0.1 (0.0–3.1) 16 0.2 (0.0–7.2)

 Wine … … 15 …

 Liquor 12 3.6 (0.7–17.1) 12 2.6 (0.3–22.6)

Caffeine

 All types 6 2.7 (1.9–3.9) 15 2.5 (1.5–4.0)

 Coffee 6 3.0 (2.0–4.4) 17 4.5 (2.7–7.4)

 Tea 18 2.1 (1.1–4.1) 14 6.0 (2.9–12.2)

 Cola 30 3.0 (1.1–8.5) 19 13.8 (6.2–30.4)

Cigarette smoking 18 0.7 (0.3–1.9) 15 0.4 (0.1–1.9)

Exercise, MET ≥6 19 13.7 (7.4–25.4) 18 12.5 (5.8–27.3)

Valsalva maneuvers

 All types 43 2.2 (1.4–3.5) 15 2.3 (1.3–3.9)

 Coughing 38 2.5 (1.1–5.5) 19 11.2 (6.2–20.1)

 Sneezing 39 1.1 (0.4–3.0) 17 4.2 (2.0–8.8)

 Nose blowing 33 3.3 (1.4–8.1) 14 14.2 (8.1–24.8)

 Straining for defecation 36 8.6 (3.1–23.5) 17 42.2 (17.4–102.6)

 Lifting >25 kg 14 6.6 (2.2–20.1) 19 6.4 (1.8–22.2)

Temperature change 13 13.3 (1.6–114.5) 22 16.9 (1.8–157.6)

Flu-like disease or fever 22 65.0 (34.0–124.3) 20 59.0 (24.4–142.5)

Head trauma 25 10.5 (1.7–64.3) 17 …

Strong emotions 23 2.7 (0.9–8.5) 20 4.5 (1.2–16.8)

Sexual activity 24 11.7 (4.6–30.0) 20 9.3 (2.2–40.2)

MET ≥6 corresponds indicates no events in hazard period to vigorous intensity activities. MET indicates metabolic equivalent 
of task; and RR, relative risk.

Table 3. RR, Prevalence, and Population Attributable Fraction Associated With Trigger Factors

Trigger factors RR (95% CI)
Proportion of study 
population exposed (%) Prevalence (%) PAF

Caffeine

 All types 2.5 (1.8–3.6) 95% 25.2% 27.7%

 Coffee 4.8 (3.3–6.9) 88% 13.6% 33.9%

Valsalva maneuver

 Straining for defecation 37.6 (22.4–63.4) 40% 0.6% 17.0%

 Heavy lifting >25 kg 6.6 (2.2–19.9) 39% 1.1% 6.0%

Exercise, MET ≥6 21.8 (12.6–37.8) 55% 1.1% 18.2%

Flu-like disease or fever 50.7 (27.1–95.1) 40% 0.3% 13.6%

Minor head trauma 10.1 (1.7–60.2) 24% 0.1% 1.2%

Sexual activity 30.4 (16.8–55.0) 47% 0.3% 9.1%

MET indicates metabolic equivalent of task; PAF, population attributable fraction; and RR, relative risk.
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Careful recommendations on modifiable risks factors 
could be given, such as limiting excessive coffee con-
sumption or earlier treatment of constipation. However, 
avoiding these triggers altogether does not seem rea-
sonable nor desirable. Considering an incidence rate of 
an ICH of 24.6 per 100 000 person-years,2 and the high 
number coffee consumptions during a person’s lifetime, 
the number of coffee consumptions persons would need 
to avoid to prevent a single ICH would be gigantic.39

A strength of our study is the fact that we avoided 
case specific fixed confounders (like age, sex, and 
chronic comorbidity) by using a case-crossover design, 
that we interviewed patients shortly after admission, and 
that we looked at trigger factors for deep and lobar ICH 
separately. Our study also has limitations. Patients with 
severe hemorrhage could not participate in this study, 
although their ICH might have been triggered by one of 
the above mentioned trigger factors. The inclusion of a 
relatively small proportion of the total number of admitted 
ICH patients who were also in a relatively good clinical 
condition might affect the generalizability of our results. 
This might have introduced survival bias, although it is 
unlikely that some triggers favor a more severe ICH. Con-
ducting a prospective population-based study keeping 
track of potential trigger factors throughout the follow-
up period before the event occurs, could avoid such bias. 
However, in this type of population-based design large 
numbers of participants would have to record their activi-
ties almost continuously which makes it unfeasible. Sec-
ond, we cannot eliminate the occurrence of recall bias 
and some answers to the questionnaires may have been 
unreliable (eg, answers about sexual activity or illicit drug 
use or unintentional, inconsistent answers about other 
triggers), which could have introduced incorrect data. 
However, the sensitivity analysis removing the unreliable 
answers showed comparable results. Third, exposure 
to certain triggers is only present during specific times 
of day. For example, coffee consumption occurs less at 
night. Introducing additional assumptions to correct for 
circadian rhythm or time-trend analysis for any of the 
triggers would, however, overfit our analysis to the study 
population. Finally, it seems likely that the dose of caf-
feine influences the risk of ICH. Although this study did 
not look into the dose of caffeine consumptions, future 
studies could explore the association between caffeine 
dose and ICH onset.

The present study shows that flu-like disease and 
fever and several blood pressure increasing activities are 
associated with onset of ICH which supports the hypoth-
esis that infection and a sudden and short increase in 
blood pressure might trigger ICH.
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