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Background: Statinsmay increase the risk of intracerebral haemorrhage (ICH) in individualswith previous stroke.
It remains unclear whether this applies to individuals with no history of stroke. This study is the first to explore
the statin-associated risk of ICH in stroke-free individuals while considering the timing of statin initiation.
Methods:We conducted a population-based, propensity score matched cohort study using information from five
Danish national registers.We included all stroke-free individuals initiating statins in 2004–2013 and a propensity
score matched group of non-users. Adjusted hazard ratios (aHRs) for ICH risk among statin users compared to
non-users were calculated as a function of time since statin initiation.
Findings: 519,894 stroke-free individuals initiating statins and their 1:5 matched stroke-free reference subjects
were included and followed for up to ten years. During this period, 1409 ICHs occurred in statin users. Statin
users had an overall aHR of 0.85 (95% confidence interval: 0.80–0.90) compared to non-users, but this risk was
modifiedby time since statin initiation. Statin users andnon-users had similar ICH risk during thefirst sixmonths
after statin initiation. Hereafter, statin users had a 22–35% lower risk throughout the study period.
Interpretation: Statin users had lower ICH risk than non-users from sixmonths after statin initiation. This finding
could not be explained by healthy initiator bias or differences between users and non-users in terms of
sociodemographic characteristics, comorbidity, or parallel treatment regimens. Our study suggests that statin
use in stroke-free populations is associated with reduced ICH risk.
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1. Introduction

Statins are associated with lower risk of ischaemic stroke (IS) [1–3].
However, post-hoc analyses of data from the Stroke Prevention by Ag-
gressive Reduction in Cholesterol Levels (SPARCL) trial suggested that
statinsmay increase the risk of intracerebral haemorrhage (ICH) in indi-
viduals with previous stroke [1,4], but these results could not be con-
firmed by two meta-analyses [5,6] or a large register-based study [7].
Although clinical guidelines report to have insufficient data to recom-
mend restrictions on the use of statins in ICH patients [8], a precaution-
ary principle has been proposed; this principle advises against initiating
s Allé 2, 8000
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statins in patients with a sustained ICH [9,10] unless there are clear in-
dications for secondary prevention of ischaemic events [10].

Either scenarios of even slightly increased risk of ICH associatedwith
statins in individuals with no prior stroke or unfounded statin prescrib-
ing reticence for this group would have major public health implica-
tions. Nevertheless, the association between statins and ICH in a
general population of stroke-free individuals remains unclear. Previous
studies have been limited by small samples [3,5,6,11–14], lack of
generalisability due to selected populations [5,6], and lack of opportu-
nity to study the significance of time since statin initiation [3,11–14].

To our knowledge, this large-scale population-based cohort study,
which is based on data from 519,894 individuals initiating statins in
2004–2013 and followed for up to ten years, is the first to evaluate the
association between statin initiation and risk of ICH among individuals
with no history of stroke while taking into account time since statin
initiation.
-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study

PubMed and Embase were systematically searched for all
studies investigating the risk of intracerebral haemorrhage (ICH)
associated with use of statins. We searched for studies in English
published up until July 2018, and found no previous studies that
consider the significance of the timing of statin initiation in
stroke-free individuals. The Stroke Prevention by Aggressive Re-
duction in Cholesterol Levels (SPARCL) trial suggested that statins
may increase the risk of ICH in individuals with previous stroke,
but this could not be confirmed by two meta-analyses. Previous
studies on statin-associated risk of ICH in stroke-free populations
have been limited by small sample size, lack of generalisability
due to selected populations, and no consideration of the potential
significance of time since statin initiation. An association between
even slightly increased ICH risk and statin intake in individuals
with no prior history of stroke would have major public health
implications. Nevertheless, the question of whether statins in-
crease the risk of ICH in a general population of stroke-free indi-
viduals remains unanswered.

Added value of this study

To our knowledge, this is the first large-scale population-
based propensity score matched cohort study to evaluate the as-
sociation between statin initiation and risk of ICH in individuals
with no history of stroke while considering the influence of the
timing of statin initiation. We included 519,894 individuals who
initiated statins and followed them for up to ten years
(2004–2013). Statin users and non-users had similar ICH risk dur-
ing the first six months after statin initiation. Hereafter, statin
users had a 22–35% lower risk throughout the study period. Our
analysis on time since statin initiation allowed us to conclude
that our findings were not explained by better health status in in-
dividuals initiating statins than in non-users. Compared to non-
users, statin users had similar ICH risk (and increased risk of isch-
aemic stroke) instantaneously after statin initiation. Moreover,
the reduction in ICH risk could not be explained by differences be-
tween users and non-users in terms of sociodemographic factors,
comorbidity, or concomitant initiation of other selected agents
that may influence risk of stroke.

Implications of all the available evidence

Our study suggests that statin use is associatedwith a reduced
risk of ICH in stroke-free populations. These findings may have
major public health implications for the vast population of statin
users with no history of stroke.
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2. Methods

2.1. Study Design and Setting

We conducted a propensity score matched cohort study using infor-
mation from Danish nationwide registers. The source population in-
cluded all individuals in Denmark above the age of 50 years, living in
Denmark since 1980, alive on 1 January 2004, and with no history of
stroke since 1995. Hereof, the study population included all individuals
who initiated statin treatment from 2004 through 2013 and a 1:5
matched reference group of non-users. Matching was performed on
the day of statin initiation for exposed individuals (index date).
2.2. Data Sources

We obtained data on sex, age, cohabitation status, emigration, and
death from the Danish Civil Registration System [15], data on education
and income from Statistics Denmark [16], data on hospital diagnoses
and examinations from the Danish National Patient Register (DNPR)
[17], data on psychiatric hospital diagnoses from the Danish Psychiatric
Central Research Register [18], and data on medication prescriptions
from the Danish National Prescription Register [19]. All data on stroke
diagnoses were drawn from public hospitals in Denmark, which must
all report to the DNPR. Private hospitals account for less than 1% of the
total number of beds and do not provide acute care in Denmark [20].
All data were accurately linked at the personal level using the unique
personal identification number (encrypted by a third party) assigned
to all Danes at birth or immigration [21]. A detailed description of the
registers has been described elsewhere [22]. The study was approved
by the Danish Data Protection Agency, the Danish Health Data Author-
ity, and Statistics Denmark. Ethical approval and informed consent
were not needed, as all personal identification numberswere encrypted
by Statistics Denmark prior to analysis.

2.3. Stroke

Our primary outcome of interest was ICH, but the temporal statin-
associated risk of IS was also included as a reference measure for the
general health of the study population. Therefore, we defined ‘incident
stroke’ as a primary diagnosis of ICH (ICD-10: I61) or IS (including un-
specified stroke) (ICD-10: I63 and I64) or a secondary diagnosis of
ICH/IS along with a primary diagnosis of rehabilitation (ICD-10: Z50)
during an inpatient or outpatient hospital contact (excluding emer-
gency room contacts). We identified all cases of incident stroke with a
registered code for brain scan with magnetic resonance imaging (MRI)
or computed tomography (CT) within seven days before or after regis-
tration of the stroke diagnosis (Appendix 1 and 2). If an individual had
both an IS and an ICH stroke diagnosis within a period of 14 days, this
outcome was included in the IS category. We defined ‘previous stroke’
as a primary or secondary diagnosis of ICH or IS (including unspecified
stroke) during an inpatient, outpatient, or emergency room hospital
contact.

2.4. Exposure

We identified all redemptions of statin prescriptions from any Dan-
ish pharmacy since 1995 (Appendix 3).We considered individuals to be
continuous ‘users’ if refilling their statin prescription before the discon-
tinuation date, which was defined as the last redemption date plus a
number of days corresponding to the number of redeemed pills plus a
grace period of 33% extra days to include some leeway when refilling
prescriptions [23]. The user period was extended each time a user
redeemed a new prescription. After ending a period of use, individuals
were suspended for a period of 365 days (and this ‘wash-out period’
was reset in case of a new redemption) before considered statin-free.
Thus, these individuals could serve as references or once again be in-
cluded due to initiation of a new treatment course [23].

2.5. Covariates

The following sociodemographic factors were included at index
date: age, sex, cohabitation status, education, and income (Appendix
4). All diagnoses relevant for the risk of stroke were assessed at index
date by amodified version of a previously developed algorithm (Appen-
dix 5) [24]. The following medical, mental, and neurological comorbid-
ities were included: hypertension, atrial fibrillation (AF), ischaemic
heart disease, congestive heart failure, peripheral artery occlusive dis-
ease, cerebrovascular disease, diabetes, chronic obstructive pulmonary
disease, chronic liver disease, coagulation defects, anaemia, cancer,
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epilepsy, Parkinson's disease,mood, stress and anxiety-related disorder,
alcohol problems, substance abuse, bipolar affective disorder, schizo-
phrenia/schizoaffective disorder, and dementia. We assessed whether
individuals had redeemed prescriptions for agents that could influence
stroke risk within 120 days before index date (Appendix 6). The follow-
ing medications were included: antithrombotic agents
(i.e., anticoagulant and antiplatelet agents), antihypertensive agents
and other selected agents that could influence stroke risk (i.e., non-
steroidal anti-inflammatory drugs (NSAIDs), systemic glucocorticoids,
and selective serotonin reuptake inhibitors (SSRIs)). Use of these agents
was divided into ‘newly initiated’ if treatment was initiated within
120 days before index date and ‘long-term use’ if initiated more than
120 days before index date.

2.6. Statistical Analysis

To account for non-random assignment of statin treatment in the
study population, individuals initiating statins were primarily matched
with non-users on age, sex, and calendar period, and they were subse-
quently matched on a continuously updated propensity score
(i.e., propensity for initiating statin treatment). The propensity score
was estimated in a Poissonmodel,which included information on socio-
economic factors and comorbidities based on information of the source
population [25]. To avoid introducing bias, matching was performed in
such a way that non-users could serve as references for more than one
statin user [26].

UsingCox regressionmodels stratified onmatched groups,we calcu-
lated hazard ratios (HRs) for the risk of ICH among statin users com-
pared to non-users. The HRs were adjusted in five nested models. The
first model adjusted separately for each of the components of the pro-
pensity score and included intrinsic adjustment for age, sex, and calen-
dar period imposed by the stratified Cox regression model. The second
model additionally adjusted for antithrombotic agents. The third
model additionally adjusted for antihypertensive agents. The fourth
model additionally adjusted for other selected agents that could influ-
ence stroke risk, and the fifth model additionally adjusted for the inter-
action between AF and anticoagulant agents and between hypertension
(diagnosis) and antihypertensive agents.

We plotted the fully adjusted HRs (aHRs) for the risk of ICH among
statin users compared to non-users as a function of time since statin ini-
tiation. In addition, this risk was evaluated in strata of use of othermed-
ications (also handled time-dependently) to assess whether the risk of
ICH associated with statin use could be affected by concomitant initia-
tion of other agents that could influence the risk of stroke.

Supplementary analyses on risk of IS associated with statins were
also included as a reference outcome.We calculated aHRs in five nested
models and plotted the fully adjusted HRs as a function of time since
statin initiation for risk of IS among statin users compared to non-
users, as described for the analyses on ICH risk.

We calculated the aHRs for the statin-associated risk of ICH for dif-
ferent types of statins as our exposure (atorvastatin versus other than
atorvastatin and lipophilic versus hydrophilic statins) (Appendix 3).

We performed five sensitivity analyses on the statin-associated risk
of ICH as a function of time since statin initiation. First, we evaluated the
risk in subgroups according to demographics, socioeconomic factors,
comorbidity groups, and number of initiations since the start of the
study (i.e., first and ‘other than first’ initiation of statins). Second, we
considered an expansive outcome definition, which included stroke di-
agnoses made during an emergency room contact, all secondary diag-
noses of stroke (regardless of the primary diagnosis), and stroke
diagnoses without an MRI or CT brain scan within seven days before
or after the stroke diagnosis. Third, we restricted the follow-up period
to the most recent calendar period (i.e., between 2009 and 2013).
Fourth, assuming that treatment may have effect after discontinuation,
we considered varying lengths of carryover periods in which we ex-
tended the follow-up period in the statin user group until 30, 60, or
90 days after the actual date of discontinuation (stopping). Fifth, we
considered varying lengths of grace periods (i.e., 0%, 20%, and 50%) in
the definition of statin use.

The time scale was time since index date, and individuals were cen-
sored by change in exposure status, registration of a stroke diagnosis,
death, emigration, end of follow-up, or age of 100 years. To account
for dependence between observations of the same individual in differ-
ent strata, we estimated 95% confidence intervals (CIs) for all aHRs
using cluster robust variance estimation with individuals as the level
of clustering. Proportional hazards were assessed by evaluating interac-
tion between each covariate and follow-up time. Although some were
statistically significant, adjusting for these effects did not substantially
change the estimates. We used two-sided significance tests for all anal-
yses; the level of statistical significance was set at P b 0.05. All analyses
were performed using Stata software, version 13, College Station, Texas,
USA.
3. Results

We included 519,894 individuals initiating statin treatment and
1,222,185 matched non-users (some users and non-users were in-
cluded more than once) in the study (Table 1). The mean number of
days spent at risk in the study was 1330.2 days for statin users and
1416.2 days for non-users. Within the 120 days prior to index date,
more statin users had redeemed antiplatelet agents (36.4% vs 13.2%),
anticoagulant agents (4.8% vs 3.6%), and antihypertensive agents
(67.0% vs 41.7%) compared to non-users (Table 1).

In total, 1409 (0.25%) ICHs occurred among statin users versus 0.30%
among non-users. This corresponds to an overall aHR of 0.85 (95% CI:
0.80–0.90) for statin users compared to non-users when we adjusted
for sociodemographic factors and comorbidity in model one (Table 2).
This estimate was virtually unaffected when we adjusted for use of
medications and corresponding interactions in models two–five
(Table 2). However, the risk was modified by time since treatment ini-
tiation (Fig. 1).

The risk of ICH was similar for statin users and non-users during the
first 180 days of follow-up (aHR90–180 days: 0.98, 95% CI: 0.80–1.21). Still,
in the period from 180 days and up to ten years of follow-up, the risk of
ICHwas 22–35% lower among statin users (aHR180–365 days: 0.65, 95% CI:
0.55–0.78; aHR1–2 years: 0.78, 95% CI: 0.69–0.90; aHR2–10 years: 0.72, 95%
CI: 0.66–0.78) (Fig. 1).

The temporal association between statins and ICH risk was not es-
sentially modified by the concurrent use of other selected agents
influencing risk of stroke (Fig. 2). Similarly, we found no substantial
change in the relative risk of ICH for statin users compared to non-
users in subgroups characterised by demographics, socioeconomic fac-
tors, comorbidities, and number of statin initiations (Supplementary
Fig. 1A–B).

Supplementary analyses on the association between risk of IS and
statin use, including 11,402 IS events among statin users, showed con-
siderable variation with time since treatment initiation; the risk of IS
was markedly increased in the first 30 days after initiating statins
(aHR: 2.68, 95% CI: 2.47–2.91). Hereafter, it consistently decreased to
an 11% lower risk (aHR: 0.89, 95% CI: 0.85–0.93) in the period of one
to two years of current use (Fig. 1).

Compared to non-use, the fully adjusted HR for risk of ICH was 0.98
(95% CI: 0.69–1.40) for use of atorvastatin, 0.76 (95% CI: 0.71–0.82) for
use of statins other than atorvastatin, 0.86 (95% CI: 0.81–0.91) for use of
lipophilic statins, and 0.81 (95% CI: 0.49–1.37) for use of hydrophilic
statins.

The results were essentially unchanged in sensitivity analyses ex-
ploring statin use and risk of ICH when we used the extended outcome
definition (Supplementary Fig. 2), the restricted follow-up period (Sup-
plementary Fig. 3), various lengths of carryover periods (Supplemen-
tary Fig. 4), and various lengths of grace periods (Supplementary Fig. 5).



Table 1
Baseline characteristics according to background variables at index datea for a population-
based cohort in Denmark of 519,894 statin users and their 1:5 matched reference group,
2004–2013.

No statin use
(%)

Statin use
(%)

Total (%) 83.3% 16.7%
Demographic factors

Age
50–60 years 33.3% 33.3%
61–70 years 38.2% 38.2%
71–80 years 21.7% 21.7%
81–100 years 6.8% 6.8%

Sex
Women 51.7% 51.7%
Men 48.3% 48.3%

Calendar period
2004–2005 19.1% 19.1%
2006–2007 23.3% 23.3%
2008–2009 22.5% 22.5%
2010–2011 19.0% 19.0%
2012–2013 16.1% 16.1%
Socioeconomic factors

Cohabitation status
Living with a partner 68.5% 68.0%
Living alone 31.5% 32.0%

Education
N15 years 13.6% 13.9%
10–15 years 43.0% 42.8%
N10 years 41.1% 40.8%
Unknown 2.3% 2.5%

Income
High 28.2% 28.5%
Medium 58.3% 58.0%
Low 13.5% 13.5%
Comorbidity

Hypertension (hospital diagnoses) 20.1% 19.7%
Atrial fibrillation 4.5% 5.0%
Ischaemic heart disease 12.9% 13.3%
Congestive heart failure 2.1% 2.9%
Peripheral artery occlusive diseases 4.6% 5.7%
Cerebrovascular disease 1.1% 1.3%
Diabetes mellitus 17.4% 17.0%
Chronic obstructive pulmonary disease 7.1% 7.5%
Chronic liver disease 0.7% 0.7%
Coagulation defects 0.4% 0.5%
Anaemias 1.8% 1.9%
Cancer 4.4% 4.5%
Epilepsy 0.6% 0.7%
Parkinson's disease 0.2% 0.2%
Mood, stress or anxiety-related disorder 0.8% 1.0%
Alcohol problems 0.7% 0.8%
Substance abuse 0.1% 0.1%
Bipolar affective disorder 0.3% 0.4%
Schizophrenia/schizoaffective disorder 0.4% 0.3%
Dementia 0.6% 0.6%

Medications
Antithrombotic agents
Antiplatelet agents
No use 86.8% 63.6%
Newly initiated use 4.2% 25.7%
Long-term use 9.0% 10.7%
Anticoagulant agents
No use 96.4% 95.2%
Newly initiated use 0.9% 2.0%
Long-term use 2.7% 2.8%

Antihypertensive agents
No use 58.3% 33.0%
Newly initiated use 7.5% 25.0%
Long-term use 34.2% 42.0%

Other selected agents that may influence stroke risk
NSAIDs
No use 88.5% 85.9%
Newly initiated use 6.7% 8.6%
Long-term use 4.8% 5.5%

Systemic glucocorticoids
No use 96.5% 96.1%
Newly initiated use 2.0% 2.4%

Table 1 (continued)

No statin use
(%)

Statin use
(%)

Long-term use 1.5% 1.5%
SSRIs
No use 94.3% 93.8%
Newly initiated use 1.5% 2.0%
Long-term use 4.2% 4.2%

No of initiations
First Not applicable 85.5%
Other than first Not applicable 14.5%

Abbreviations: NSAID: non-steroidal anti-inflammatory drug; SSRI: selective serotonin re-
uptake inhibitor.

a Index date: day of statin initiation for exposed individuals.
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4. Discussion

This large-scale nationwide cohort study of more than 500,000 indi-
viduals initiating statins showed that statin users had similar ICH risk as
propensity scorematched non-users during the first 180 days of follow-
up. Hereafter, statin users had a 22–35% lower ICH risk throughout the
study period of up to ten years. The reduced ICH risk over time was
not explained by sociodemographic factors, comorbidity, or concurrent
treatmentwith other medications (e.g., antihypertensive or antiplatelet
agents).

The underlying biological explanation for a lower risk of ICH among
statin users is not known. In fact, statins inhibit platelet aggregation, en-
hance fibrinolysis, and reduce thrombosis, which theoretically could
contribute to an increased risk of ICH associated with statins [10]. Con-
trarily, a statin-induced lower risk of IS might partly contribute to a re-
duced risk of ICH, as haemorrhagic transformation occurs in a significant
proportion of patients following IS [27].

Previous research exploring the statin-associated risk of ICHhave re-
ported divergent results, which could be explained by lack of sufficient
samples, lack of population-based settings, and lack of opportunity to
study the significance of time since statin initiation. To the best of our
knowledge, only five studies have evaluated the statin-associated risk
of ICH in populationswith nohistory of stroke, and none of these studies
evaluated the significance of the timing of statin initiation [3,11–14]. In
linewith our results, two studies found a reduced risk of ICH to be asso-
ciatedwith statins [11,14]. A recent Swedish case–control study, includ-
ing 7696 ICH cases and 14,670 controls from a stroke-free population,
found that statin users had a 32% lower risk of ICH compared to non-
users (OR: 0.68, 95% CI: 0.63–0.74) [11]. A case–control study,which ex-
plored the risk of ICH associated with level of cholesterol, found lower
risk of ICH to be associated with use of statins (OR: 0.47 (95% CI:
0.23–0.95)) based on 12 haemorrhagic strokes among the limited frac-
tion of the study population using statins (4–6%) [14]. Contrarily, three
RCTs found no association between statin use and ICH in cohorts with-
out a history of stroke (0.3% versus 0.5% [3] and OR: 1.18 (95% CI:
0.58–2.42) [13]) and no association in a mixed cohort including 10%
with a history of stroke (OR: 0.55 (95% CI: 0.26–1.14) [12]). However,
as these studies were significantly limited by small sample sizes
(i.e., between 11 and 30 ICH events in the statin group) [3,12,13],
these findings may not have yielded statistical significance due to lack
of power. Several other studies exist, but they are not comparable to
our study as they focus on participants with stroke and other selected
patient groups (e.g., patients suffering from severe renal disease or atrial
fibrillation and patients treated with antithrombotic agents or SSRI), do
not include non-users as references, or are based on less than 30 ICH
events [5,6]. Noteworthy, of the five above-mentioned studies, only
Åsberg and colleagues included a population-based cohort [11]. More
importantly, none of the studies considered time since statin initiation
and timing of concurrent treatment. In our study, these analyses re-
vealed that the risk of ICH was similar for statin users and non-users
within 6months after initiating statins, but the risk decreased hereafter
to a lower risk among statin users. Concurrent medication with



Table 2
Adjusted HRs and 95% CIs for the risk of intracerebral haemor-
rhage and ischaemic stroke among 519,894 individuals with
use of statins compared to those with no use of statins for up
to 10 years of follow-up.

aHR (95% CI)

ICH
Model 1a 0.85 (0.80; 0.90)
Model 2b 0.75 (0.71; 0.80)
Model 3c 0.77 (0.72; 0.82)
Model 4d 0.77 (0.72; 0.82)
Model 5e 0.77 (0.72; 0.82)

IS2

Model 1a 0.96 (0.94; 0.99)
Model 2b 0.92 (0.89; 0.94)
Model 3c 0.90 (0.88; 0.92)
Model 4d 0.90 (0.88; 0.92)
Model 5e 0.90 (0.88; 0.92)

Abbreviations: aHR: adjusted hazard ratio; CI: confidence
interval.

a Adjusted for age, sex, and calendar period, socioeconomic
position (i.e., cohabitation status, education and income), co-
morbidity (ie hypertension, atrial fibrillation, ischaemic heart
disease, congestive heart failure, peripheral artery occlusive dis-
ease, cerebrovascular disease, diabetes, chronic obstructive pul-
monary disease, chronic liver disease, coagulation defects,
anaemia, cancer, epilepsy, Parkinson's disease, mood, stress or
anxiety-related disorder, alcohol problems, substance abuse, bi-
polar affective disorder, schizophrenia/schizoaffective disorder,
and dementia).

b Also adjusted for antithrombotic agents (i.e., anticoagulant
agents and antiplatelet agents).

c Also adjusted for antihypertensive agents.
d Also adjusted for other selected agents that may influence

stroke risk (ie non-steroidal anti-inflammatory drugs (NSAIDs),
systemic glucocorticoids and selective serotonin reuptake in-
hibitors (SSRI)).

e Also adjusted for the interaction between atrial fibrillation
and anticoagulant agents and between hypertension and anti-
hypertensive agents.
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antithrombotic and antihypertensive agents initiated at the time of
statin initiation could not explain these findings.

Our study has several strengths. These include the large sample size,
complete follow-up, sufficient observation time, and the population-
based setting, which minimised potential selection bias and loss to
Fig. 1.AdjustedHRs and 95% CIs for the risk of intracerebral haemorrhage and ischaemic stroke f
exposure (ie index date). Abbreviations: aHR: adjusted hazard ratio; CI: confidence interval.
follow-up. The information on stroke diagnoses had high validity,
which limited the risk of information bias. The positive predictive
value of IS and ICH was reported to be 97% and 74%, respectively, in a
study validating these codes in the DNPR during 1998–1999 [28]. Com-
pared to the validation study [28], the validity of ICH in our study is
likely to be even higher, as we exclusively studied diagnoses of ICH in
individuals registered with a concurrent brain scan during a more re-
cent timeperiod. Additionally, we used several statisticalmethods to re-
duce potential bias in our study. We explored the potential influence of
time since statin initiation and concomitant initiation of other medica-
tions, which could influence stroke risk. We also matched on the pro-
pensity to receive a statin, which homogenised the cohort in terms of
confounding factors. Moreover, we defined statin use based on a num-
ber of days corresponding to the number of pills redeemed plus a
grace period, which ensured inclusion of newly initiated statin users
and minimised the unintentional re-inclusion of long-term users.

Our study also has some limitations. First, the lower risk seen among
statin users compared to non-users could potentially reflect a ‘healthy
initiator bias’ [23]. This bias can arise through two distinct pathways:
a selective initiation of preventive treatments among healthy and
health-conscious patients and a selective channelling of treatments
away from frail individuals at increased risk of adverse outcomes [23].
Generally, healthcare providers are more prone to initiate statin treat-
ment in patients with an overall robust health [29,30] and may specifi-
cally avoid initiating statins in case of a sustained ICH due to raised
concern for harm [10]. Therefore, we cannot rule out that individuals
initiating statins in our study were a selected group of more healthy in-
dividuals with a lower risk of ICH. However, if so, we would expect the
risk of ICH to be lower for statin users in the 30-day period after initiat-
ing statins during which an instantaneous effect of statin seems un-
likely. However, during this period, the risk of ICH was similar for
statin users and non-users. In addition, the risk of IS was markedly ele-
vated for statin users compared to non-users in the beginning of the
study period. This could indicate that statins are given to persons at
higher risk of cardiovascular events (i.e., confounding by indication)
[23], which also speak against a healthy initiator bias. Second, there is
always a risk of confounding in observational studies. Despite our me-
ticulous efforts to minimise baseline confounding, we cannot conclude
that time-varying confounding, such as a ‘healthy adherer bias’, is
non-existent. Clinical guidelines advise to stop statin treatment in indi-
viduals with end-of-life status [30], and some clinicians may reconsider
or statin users compared to references plotted as a function of time since initiation of statin



Fig. 2.AdjustedHRs and 95% CIs for the risk of intracerebral haemorrhage for statin users compared to non-users plotted as a function of time since index date, stratified by use of selected
medications that may influence risk of stroke. Abbreviations: aHR: adjusted hazard ratio; CI: confidence interval; Antiplatelet: antiplatelet agents; Anticoagulant: anticoagulant agents;
Antihypertensive: antihypertensive agents; NSAID: non-steroidal anti-inflammatory drug; Glucocorticoid: systemic glucocorticoids; SSRI: selective serotonin reuptake inhibitors. Some
values for the plots on NSAIDs, systemic glucocorticoids, and SSRIs were not displayed in case of less than five events due to privacy concerns.
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use of statins in individuals with high risk of ICH [10]. Thus, the group of
statin users might be increasingly healthy over time if statin adherence
is a proxy for advantageous lifestyle and health behaviour at the patient
level and for selective stopping of treatment at the healthcare provider
level. Therefore, the beneficial effect of statins on risk of ICH could po-
tentially be exaggerated. Third, the lower risk of ICH associated with
statins could be confounded by concurrent treatment with other medi-
cations that reduce the risk of ICH, such as antihypertensive agents. Hy-
pertension is known to be highly associated with risk of ICH [31], and
antihypertensive agents are likely to be initiated concurrently with
statins in populationswith high risk of cardiovascular disease [12]. Nev-
ertheless, we found that the risk of ICH associated with statinswas sim-
ilar for those with and without use of antihypertensive agents,
regardless of the timing of initiation of antihypertensive agents. Fourth,
although we had detailed information on comorbidity and redeemed
prescriptions, we lacked information on stroke diagnoses registered be-
fore 1995, comorbidities registered only in primary care (such as hyper-
tension and heavy alcohol abuse), measures of frailty, estimated life
expectancy, over-the-counter medicines (such as acetylsalicylic acid
and NSAIDs for pain relief), blood pressure profiles, neuroimaging (on
e.g., hypertension-related and cerebral amyloid angiopathy-related
small-vessel disease and microbleeds), and lifestyle habits. Conse-
quently, we cannot exclude residual confounding. Fifth, we only had
information on redemptions of prescriptions anddid not know if the pa-
tients actually adhered to the recommended treatment or discontinued
treatment due to possible side effects (e.g., myalgia). However, although
this could lead to exposure misclassification, it would also lead to con-
servative estimates as a potential beneficial effect of statinswould be di-
luted by non-compliance. Finally, ICH is a heterogeneous entity that
predominantly comprises ‘deep’ and ‘lobar’ ICHs, which have markedly
different aetiology [5]. Unfortunately, our data did not allow us to deter-
minewhether statin usewas associatedwith only specific types of ICHs.

5. Conclusions

Among individuals with no history of stroke, we found that statin
users had a lower risk of ICH than non-users in the period from six
months after initiating statins and throughout the study period. Our
findings could not be explained by better health status of individuals
initiating statins than of non-users; statin users had similar ICH risk
and increased IS risk compared to non-users instantaneously after initi-
ating statins. Moreover, the reduced ICH risk could not be explained by
differences between users and non-users in terms of sociodemographic
factors, comorbidity, othermedications associatedwith risk of stroke, or
parallel treatment regimens. In conclusion, our study suggests that
statin use is associated with a reduced risk of ICH in stroke-free
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populations, and that potential statin prescribing reticence due to con-
cerns about increased ICH risk seems to be unfounded in this popula-
tion. These findings could have major public health implications for
the vast population of statin users with no history of stroke.
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