
Stroke is available at www.ahajournals.org/journal/str

Stroke

Stroke. 2023;54:781–790. DOI: 10.1161/STROKEAHA.122.040536� March 2023    781

 
Correspondence to: Ville Kytö, MD, PhD, Heart Center, Turku University Hospital, PO Box 52, 20521, Turku, Finland. Email ville.kyto@utu.fi
Supplemental Material is available at https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.122.040536.
For Sources of Funding and Disclosures, see page 789.
© 2023 The Authors.  Stroke is published on behalf of the American Heart Association, Inc., by Wolters Kluwer Health, Inc. This is an open access article under the 
terms of the Creative Commons Attribution License, which permits use, distribution, and reproduction in any medium, provided that the original work is properly cited.

CLINICAL AND POPULATION SCIENCES

Lack of Statin Therapy and Outcomes After 
Ischemic Stroke: A Population-Based Study
Julia Åivo , MD, PhD; Jori O. Ruuskanen , MD, PhD; Aleksi Tornio , MD, PhD; Päivi Rautava, MD, PhD; Ville Kytö , MD, PhD

BACKGROUND: Statin treatment is effective at preventing adverse vascular events after ischemic stroke (IS). However, many 
patients fail to use statins after IS. We studied the impact of not using statins after IS on adverse outcomes.

METHODS: IS patients (n=59 588) admitted to 20 Finnish hospitals were retrospectively studied. Study data were combined 
from national registries on hospital admissions, mortality, cancer diagnoses, prescription medication purchases, and 
permissions for special reimbursements for medications. Usage of prescription medication was defined as drug purchase 
within 90 days after hospital discharge. Ongoing statin use during follow-up was analyzed in 90-day intervals. Differences 
in baseline features, comorbidities, other medications, and recanalization therapies were balanced with inverse probability of 
treatment weighting. Median follow-up was 5.7 years.

RESULTS: Statin therapy was not used by 27.1% of patients within 90 days after IS discharge, with women and older patients 
using statins less frequently. The average proportion of patients without ongoing statin during the 12-year follow-up was 
36.0%. Patients without early statins had higher all-cause mortality at 1 year (7.5% versus 4.4% in patients who did use 
statins; hazard ratio [HR], 1.74 [CI, 1.61–1.87]) and 12 years (56.8% versus 48.6%; HR, 1.37 [CI, 1.33–1.41]). Cumulative 
incidence of major adverse cerebrovascular or cardiovascular event was higher at 1 year (subdistribution HR, 1.36 [CI, 1.29–
1.43]) and 12 years (subdistribution HR, 1.21 [CI, 1.18–1.25]) without early statin use. Cardiovascular death, recurrent IS, 
and myocardial infarction were more frequent without early statin use. Early statin use was not associated with hemorrhagic 
stroke during follow-up. Lack of ongoing statin during follow-up was associated with risk of death in time-dependent analysis 
(adjusted HR, 3.03 [CI, 2.96–3.23]).

CONCLUSIONS: Lack of statin treatment after IS is associated with adverse long-term outcomes. Measures to further improve 
timely statin use after IS are needed.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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Stroke is one of the leading causes of death and dis-
ability worldwide.1 Elevated low-density lipoprotein 
levels are a risk factor for cardiovascular disease 

and stroke.2 Statins reduce the risk of cardiovascular 
events and death after myocardial infarction (MI)3 and 
the risk of stroke recurrence and major coronary events 
after transient ischemic attack or stroke.4

Although the benefits of statin treatment are less evi-
dent in patients without a clinical history of atheroscle-
rotic cardiovascular disease, statins have been reported 

to reduce the net adverse cerebrovascular and cardio-
vascular event rate and mortality rates in patients with 
ischemic stroke (IS) and atrial fibrillation.5 Statins also 
appear to alleviate the progression of cerebral small ves-
sel disease.6

However, while antithrombotic medication is widely 
acknowledged and implemented in the secondary preven-
tion of IS, the role of statins is less well established. This 
inclarity is reflected in differences in the US and Euro-
pean guidelines where the American Heart Association 
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(AHA)/American Stroke Association (ASA) guideline7 
only recommends statins in stroke with atherosclerotic 
etiology, and the European Stroke Organisation (ESO) 
guideline8 recommends statins regardless of etiology. 
Adherence to statin treatment also remains a challenge.9 
Poor adherence to statins has been reported in approxi-
mately one-third of patients with a history of stroke10–12 
and is mainly due to suspected adverse events.13,14 Con-
cerns that statins may increase the risk of hemorrhagic 
stroke, especially in patients with previous intracerebral 
hemorrhage (ICH),4,15 may also cause reticence to pre-
scribe statins for stroke patients. Furthermore, long-term 
data on the impact of not using statins after IS is also 
limited. We set out to investigate the impact of not using 
statins after IS on adverse outcomes in a longitudinal, 
population-based investigation.

METHODS
Data Availability
By law, we are not permitted to disclose data to third par-
ties. Requests to access the data set may be sent to Findata 
(https://www.findata.fi).

Study Design
We studied the impact of not using statin therapy early after 
IS on 1- and 12-year outcomes. The primary outcome of inter-
est was all-cause death. Secondary outcomes were compos-
ite major adverse cerebrovascular or cardiovascular events 
(MACCEs; recurrent IS, MI, or cardiovascular death), MACCE 
subcomponents, hemorrhagic stroke, and ICH. Studied 
outcomes are defined in more detail in the Supplemental 
Methods.

Consecutive adult IS patients admitted between January 1, 
2005 and December 31, 2017 were retrospectively identified 
from the Care Register for Healthcare in Finland. All neuro-
logical wards that treat IS patients in mainland Finland were 
included in the search (20 hospitals, including 5 university 
hospitals with neurosurgical capability). IS was identified with 
International Classification of Diseases, Tenth Revision (ICD-10) 
code I63 as the primary discharge diagnosis.16 Only first-time 
emergency ward admissions during the study period were 
included.

Cardiovascular medications outside ward treatment are 
available only from pharmacies by prescription in Finland, and 
reimbursed medications (including all studied medications) are 
dispensed for a maximum period of 3-month usage. Usage 
of prescription medication early after IS was defined as drug 
purchase within 90 days after hospital discharge.17 Ongoing 
statin use during follow-up was analyzed in 90-day intervals 
(Supplemental Methods). To include only patients with possibil-
ity and necessity to purchase post-IS medications, patients not 
discharged to home or home-like facilities (including nursing 
homes), patients with prolonged (>90 days) admission, patients 
who died within 90 days after IS, and patients with missing data 
(0.4%) were excluded (Figure S1).

Comorbidities and prescription medication were detected 
as previously described (Tables S1 and S2).18 Sequential hos-
pital and ward transfers after IS were combined as a single 
admission. Follow-up started 90 days after index event and 
ended at the latest on December 31, 2018. The median follow-
up was 5.7 (IQR, 3.0–8.9) years. Baseline differences were bal-
anced with inverse probability of treatment weighing (IPTW). 
This article follows the STROBE reporting guideline.19

Data Sources and Permissions
The study data were combined by linking data from national 
registries on hospital admissions, mortality and causes of death, 
cancer diagnoses, prescription medication purchases, and 
permissions for special reimbursements for medications with 
unique patient identifier (Supplemental Methods). The Care 
Register for Healthcare in Finland data, prescription drug pur-
chase data, special reimbursement permission data, and Finnish 
cancer registry data were obtained from the Findata/National 
Institute for Health and Welfare of Finland (permission no: 
THL/164/14.02.00/2021). Mortality data were obtained from 
Statistics Finland (permission no: TK-53-484-20). Included reg-
istries are mandatory by law and include full coverage of the 
Finnish population.20 Informed consent and review by the institu-
tional review board were waived by law due to study design, and 
the participants were not contacted. The legal basis for process-
ing personal data is public interest and scientific research (EU 
General Data Protection Regulation 2016/679, Article 6(1)€ 
and Article 9(2)(j); Data Protection Act, Sections 4 and 6).

Statistical Analysis
Differences between study groups were analyzed with t test 
and χ2 tests. The Cochran-Armitage test was used to analyze 
trends. Effect sizes in patient characteristics between study 
groups were evaluated by standardized mean differences. 
Logistic regression was used to create a propensity score for 
not using early statin after IS based on age, sex, comorbidi-
ties (alcohol abuse, anemia, atrial fibrillation, chronic pulmonary 
disease, coagulopathy, dementia, depression, drug abuse, heart 
failure, heart valve disease, hypertension, insulin-dependent 
diabetes, liver disease, malignancy, MI, noninsulin-dependent 
diabetes, peripheral vascular disease, prior cerebrovascu-
lar disease, psychotic disorder, rheumatic disease, and renal 
failure), recanalization (thrombolysis or thrombectomy), neu-
rosurgical operation, medications used after IS (angiotensin-
converting enzyme inhibitor/angiotensin receptor blocker, ADP 
inhibitors, antihypertensives, dipyridamole, ezetimibe, and oral 

Nonstandard Abbreviations and Acronyms

HR	 hazard ratio
ICH	 intracerebral hemorrhage
IPTW	 inverse probability of treatment weighing
IS	 ischemic stroke
MACCE	 �major adverse cerebrovascular or cardio-

vascular event
MI	 myocardial infarction
sHR	 subdistribution HR
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anticoagulants), treatment in university hospital, and year of IS 
(2005–2008, 2009–2012, or 2013–2017).

Propensity score was used to calculate stabilized IPTW 
(Supplemental Methods).21 Weighting resulted in balanced 
study groups (Table 1). Separate propensity scoring and IPTW 
adjusting were performed for the following subgroups: men, 
women, patients aged <60, 60–69, 70–79, and ≥80 years, 
patients with and without thrombolysis or thrombectomy, dia-
betes, antihypertensive medication, antithrombotic medication, 
oral anticoagulation, or prior statin. Covariables between the 
study groups were balanced in all subgroups (standardized 
mean differences <0.029 for all). Potential residual confound-
ing required to change the result on primary outcome was esti-
mated by calculating the E-value.22

Primary outcome was studied using Kaplan-Meier method 
and Cox regression. Incidences of secondary outcomes were 
studied using cumulative incidence function and Fine-Gray 
regression notifying competing risk due to non end point-
specific death. Additional sensitivity analysis for association 
of statin use during follow-up with primary outcome was per-
formed on original cohort using multivariable Cox regression 
with same baseline covariables as used in propensity scoring 
(except for the year of IS23; Supplemental Methods). Robust 
sandwich-type estimators were used. Results were given as 
the mean, median, percentage, standardized mean differences, 
hazard ratio (HR), or subdistribution HR (sHR) with a 95% CI 
or ±SD. Statistical significance was detected at a P-value of 
<0.05. SAS version 9.4 (SAS Institute Inc, Cary, NC, USA) was 
used for all analyses.

RESULTS
The study included a total of 59  588 patients (27.1% 
without statin use early after IS). The proportion of 
patients without statin therapy early after IS declined 
from 41.0% in 2005 through 17.5% in 2017 (P<0.0001 
for trend; Figure 1). The long-term adherence for statins 
decreased gradually during the first years of follow-up 
but remained at plateau in longer follow-up (Figure 1). 
Overall, the average proportion of patients without ongo-
ing statin during the whole 12-year follow-up was 36.0%.

Usage of early statins after IS was less common in 
women, older patients, and patients with atrial fibrillation, 
heart failure, rheumatic disease, renal failure, or mental 
disorder (Table  1). Patients with diabetes and patients 
with prior MI or peripheral vascular disease as well as 
patients who underwent acute recanalization therapies 
used statins more frequently early after IS. Antihyper-
tensive, antiplatelet, and anticoagulant medications were 
more frequently used by early statin users (Table 1). Study 
group differences in terms of baseline features, treat-
ments, and usage of other medications were balanced 
with the IPTW method, resulting in final study groups 
of 16 196 patients without early statin use and 43 402 
patients with statin therapy early after IS (Table 1).

During the follow-up period, 21 422 patients (6868 in 
the no early statin group) died (Figure 2). All-cause mor-
tality was 7.5% in the no early statin group versus 4.4% 

in the statin group at 1 year (HR, 1.74 [CI, 1.61–1.87]; 
P<0.0001; Table S3). Twelve-year all-cause mortality 
was 56.8% in the no early statin group versus 48.6% in 
the statin group (HR, 1.37 [CI, 1.33–1.41]; P<0.0001; 
Table S4). The E-value was 2.08 (CI, 1.99–2.17). In time-
dependent analysis, the lack of ongoing statin during 
follow-up was associated with increased risk of death 
(HR, 3.03 [CI, 2.96–3.23]; P<0.0001).

MACCE occurred in 19  828 patients (6021 in the 
no early statin group) during the follow-up period (Fig-
ure 3). Of all patients, 10 914 had recurrent IS, 4394 had 
MI, and 11 663 died due to cardiovascular causes, and 
1607 suffered hemorrhagic stroke (Figure  4). Cumu-
lative incidence of MACCE was 12.4% in the no early 
statin group versus 9.3% in the statin group (sHR, 1.36 
[CI, 1.29–1.43]; P<0.0001) at 1 year. At 12-year follow-
up, the cumulative incidence of MACCE was 50.0% 
in the no early statin group versus 46.3% in the statin 
group (sHR, 1.21 [CI, 1.18–1.25]; P<0.0001).

Cumulative incidence of recurrent IS was 8.4% in 
the no early statin group versus 6.6% in the statin 
group at 1 year (P<0.0001) and 25.4% versus 24.0%, 
respectively, at 12 years (sHR, 1.13 [CI, 1.09–1.18]; 
P<0.0001). Cumulative incidence of MI was 1.9% 
in the no early statin group versus 1.4% in the statin 
group at 1-year follow-up (Table S3). At the end of 
the follow-up period, the cumulative incidence of MI 
was 11.1% in both the study groups (sHR, 1.10 [CI, 
1.03–1.17]; P=0.006 for the total follow-up). Probabil-
ity of cardiovascular death was 4.2% in the no early 
statin group versus 2.6% in the statin group at 1 year 
(sHR, 1.62 [CI, 1.47–1.78]; P<0.0001) and 34.8% ver-
sus 30.2%, respectively, at 12 years (sHR, 1.32 [CI, 
1.27–1.37]; P<0.0001). Cumulative incidence of hem-
orrhagic stroke was 0.7% in the no early statin group 
versus 0.6% in the statin group at 1 year, and 3.5% 
versus 4.2% (sHR, 0.91 [CI, 0.81–1.02]; P=0.094) at 
12 years. Cumulative incidence of ICH was 2.9% in the 
no early statin group and 3.3% in the statin group (sHR, 
0.93 [CI, 0.82–1.06]; P=0.272) at 12 years.

These results were consistent in the subgroup 
analyses (Table 2). Lack of statin therapy early after 
IS was associated with increased probability of death 
and MACCE in patients regardless of sex, age, atrial 
fibrillation, diabetes, recanalization, or usage of anti-
hypertensive, antithrombotic, or anticoagulant medi-
cation (Table 2).

DISCUSSION
This observational, longitudinal, population-based study 
investigated the outcome impact of lack of statin therapy 
early after IS. Lack of statins early after IS was associated 
with increased probability of all-cause death, cardiovas-
cular death, and ischemic events. The risk of death and 
MACCE were increased in patients not using early statin 
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therapy regardless of sex, age, atrial fibrillation, diabetes, 
recanalization, or usage of other secondary preventive 
medications. The risk of ICH did not differ between early 
statin users and nonusers.

The mechanisms by which statins improve progno-
sis after ischemic events are multiple. The main effect 
is the reduction of low-density lipoprotein cholesterol by 

inhibiting 3-hydroxy-3-methylglutaryl coenzyme A reduc-
tase.24 Additionally, statins have beneficial pleiotropic 
effects on the endothelium, immune system, platelets, 
and vascular smooth muscles.25 Statins have been shown 
to stabilize atherosclerotic plaque26 and beneficially 
effect plaque morphology and volume.27 Although the 
benefits of statin treatment are less evident in patients 

Table 1.  Baseline Features of Patients Without and With Statin Therapy Early After Ischemic Stroke

Variable 

Original cohort Weighted cohort

No early statin Statin 

P value |SMD| 

No early statin Statin 

P value |SMD| N=16 171 N=43 417 N=16 196 N=43 402

Age, y (SD) 71.7 (14.4) 70.1 (11.4) <0.0001 0.117 70.5 (14.2) 70.5 (11.4) 0.699 0.004

Women 48.2% 44.2% <0.0001 0.080 45.6% 45.5% 0.613 0.005

Comorbidities

 � Alcohol abuse 5.5% 3.8% <0.0001 0.083 4.3% 4.3% 0.984 0.0002

 � Anemia 4.3% 2.7% <0.0001 0.088 3.3% 3.2% 0.586 0.005

 � Atrial fibrillation 30.7% 21.7% <0.0001 0.206 24.3% 24.2% 0.737 0.003

 � Chronic pulmonary disease 13.7% 13.5% 0.563 0.001 13.6% 14.1% 0.196 0.012

 � Coagulopathy 0.7% 0.5% 0.006 0.024 0.5% 0.5% 0.821 0.002

 � Dementia 8.0% 4.2% <0.0001 0.161 5.3% 5.2% 0.882 0.001

 � Depression 12.6% 11.0% <0.0001 0.049 11.6% 11.5% 0.735 0.003

 � Diabetes 20.1% 22.2% <0.0001 0.050 22.2% 21.7% 0.206 0.012

 �   Insulin dependent 6.0% 6.4% 0.082 0.016 6.7% 6.4% 0.175 0.012

  �  Noninsulin dependent 15.2% 16.8% <0.0001 0.046 16.5% 16.4% 0.666 0.004

 � Drug abuse 0.5% 0.3% 0.001 0.030 0.4% 0.3% 0.156 0.012

 � Heart failure 17.2% 11.7% <0.0001 0.156 13.6% 13.3% 0.353 0.009

 � Heart valve disease 5.7% 4.8% <0.0001 0.039 5.3% 5.1% 0.272 0.010

 � Hypertension 55.0% 61.3% <0.0001 0.127 59.7% 59.6% 0.863 0.002

 � Liver disease 1.9% 0.9% <0.0001 0.077 1.2% 1.2% 0.811 0.002

 � Malignancy 15.0% 12.6% <0.0001 0.070 13.5% 13.3% 0.555 0.005

 � Myocardial infarction 8.2% 9.7% <0.0001 0.053 9.8% 9.4% 0.130 0.014

 � Peripheral vascular disease 5.8% 6.4% 0.015 0.023 6.5% 6.3% 0.266 0.010

 � Prior cerebrovascular disease 23.0% 22.4% 0.152 0.013 23.1% 22.7% 0.274 0.010

 � Psychotic disorder 4.5% 3.4% <0.0001 0.056 3.7% 3.7% 0.959 0.0004

 � Rheumatic disease 6.8% 5.3% <0.0001 0.060 5.8% 5.8% 0.778 0.003

 � Renal failure 2.6% 2.0% <0.0001 0.041 2.2% 2.2% 0.781 0.003

 � Recanalization 5.0% 8.2% <0.0001 0.127 7.3% 7.3% 0.974 0.001

  �  Thrombolysis 4.7% 7.6% <0.0001 0.120 6.8% 6.8% 0.942 0.001

 �   Thrombectomy 0.6% 1.2% <0.0001 0.067 1.1% 1.1% 0.980 0.0002

 � Neurosurgery 0.3% 0.1% <0.0001 0.034 0.2% 0.2% 0.911 0.001

Medication after IS

 � ACE inhibitor/ARB 44.8% 63.6% <0.0001 0.384 58.1% 58.6% 0.339 0.009

 � ADP-inhibitor 13.6% 25.6% <0.0001 0.306 22.9% 22.4% 0.154 0.013

 � Any antihypertensive 71.8% 83.9% <0.0001 0.294 80.7% 80.7% 0.920 0.001

 � Dipyridamole 24.0% 34.0% <0.0001 0.220 31.6% 31.3% 0.444 0.008

 � Ezetimibe 1.6% 1.8% 0.160 0.013 1.9% 1.8% 0.138 0.014

 � Oral anticoagulant 31.9% 28.1% <0.0001 0.083 30.0% 29.3% 0.123 0.014

 � Treating hospital   <0.0001 0.207   0.406 0.008

 � Year of ischemic stroke   <0.0001 0.288   0.671 0.008

Features of all included patients and inverse probability of treatment weighted cohort. ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor 
blocker; IS, ischemic stroke; and SMD, standardized mean differences.
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without a clinical history of atherosclerotic cardiovascular 
disease, statins have been reported to reduce the net 
adverse cerebrovascular and cardiovascular event rate 
and mortality rates in patients with IS and atrial fibril-
lation.5 Statins also appear to alleviate the progression 
of cerebral small vessel disease.6 In a substudy of the 
SPARCL trial (Stroke Prevention by Aggressive Reduc-
tion in Cholesterol Levels), there was no difference in 
the efficacy of statin treatment regardless of the stroke 
subtype (large vessel disease, small vessel disease, and 
stroke of unknown origin).4 In a Korean real world data 
study, statins were effective across stroke subgroups, 
and also in patients with AF.10 In our study, lack of early 
statin therapy was associated with increased probability 
of adverse outcomes in patients regardless of sex, age, 
atrial fibrillation, or diabetes. Our data suggests that early 
use of statin therapy might be beneficial in all IS patients.

The SPARCL trial established that daily use of high 
intensity statins in patients with recent stroke or transient 
ischemic attack led to a 16% reduction in the relative 
risk of stroke recurrence.4 After that, several random-
ized trials demonstrated the effect of statins on reduc-
ing the risk of recurrent stroke and major cardiovascular 
events in patients with a history of stroke.28 Previous 
observational studies have associated the lack of statin 
therapy to increased short-term mortality29,30 However, 
large-scale, long-term, follow-up studies of nonstatin 
users are not, for the best of our knowledge, available. 
We found that statin usage within the first 90 days 
after IS was associated with lower all-cause mortality 
and MACCE at both 1-year and 12-year follow-up. Our 
long-term results support the previous randomized tri-
als. Differences in outcomes between early statin users 
and nonusers appeared within first years of follow-up 

Figure 1. Usage of statins after 
ischemic stroke (IS). 
Proportion of patients without statin 
therapy early after IS by the year of IS (A). 
Proportion of patients without statin therapy 
during the follow-up in 90-d intervals after 
index IS (B). AQ12
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and remained similar during longer follow-up but for MI. 
The reasons behind observed pattern of cumulative MI 
incidence during the late follow-up of early statin users 
(Figure 4) remain unknown, but may relate to potential 
differences in outcome risk factors of recurrent IS and 
primary MI.

In our data, 25% of patients did not initiate statin ther-
apy early after IS and 36% lacked ongoing statin dur-
ing the 12-year follow-up. These results are in line with 
previous findings. An Italian study showed that 38.9% of 
IS patients discontinued statin therapy within 12 months 
after discharge; the mean time from discharge to statin 

discontinuation was 48.6 days.31 In a Korean study 
(2014–2015), ~35% of patients were nonadherent to 
statins at 3 and 6 months after IS.12 In a Brazilian study, 
21.8% of patients received no statins, and 34.9% of 
patients had poor adherence to statin treatment after IS.32

Although the overall adherence to statins seems rela-
tively poor, the proportion of patients who did not use 
statins early after IS declined from 41% in 2005 through 
17.5% in 2017 in our study. There is only limited previous 
evidence on trends of statin use and adherence. A Korean 
study demonstrated that the proportion of patients treated 
with statins after IS increased from 18.3% in 2002 through 

Figure 2. All-cause mortality in inverse 
probability of treatment weight 
adjusted patients without and with 
statin therapy early after ischemic 
stroke.

Figure 3. Cumulative incidence of 
major adverse cerebrovascular or 
cardiovascular event (MACCE) in 
inverse probability of treatment 
weight adjusted patients without 
and with statin therapy early after 
ischemic stroke.

D
ow

nloaded from
 http://ahajournals.org by on D

ecem
ber 20, 2023



CLINICAL AND POPULATION 
SCIENCES

Åivo et al Lack of Statin Therapy After Ischemic Stroke

Stroke. 2023;54:781–790. DOI: 10.1161/STROKEAHA.122.040536� March 2023    787

63.1% in 2012.10 Similarly, in a large retrospective cohort 
study conducted in the US, in patients with new athero-
sclerotic cardiovascular disease events, use of statins 
increased from 50.3% in 2007 through 59.9% in 2016. 
Patients with coronary heart disease were more likely to 
receive statins than patients with IS; in 2016, 80.9% of 
patients with coronary heart disease and 65.8% of patients 
with IS/transient ischemic attack were using statins.33

Antiplatelet and antithrombotic properties of statins 
have raised concerns that statins might increase the risk of 
hemorrhagic stroke.34 The SPARCL and HPS (Heart Pro-
tection Study) trials found increased risk of ICH associated 
with statin use in patients with previous IS,4,35 and, in 2011, 
a decision analysis of statin therapy in patients with previ-
ous ICH concluded that avoiding statin therapy should be 
considered in patients with a history of ICH.36 Later meta-
analyses yielded somewhat conflicting results. Two large 
meta-analyses, including 23 and 33 randomized controlled 
trials, found no association between statin treatment and 
ICH.37,38 Conversely, an updated meta-analysis found an 
increased risk of hemorrhagic stroke, especially in patients 

with prior IS/transient ischemic attack.39 A recent large 
population-based study found no evidence that statins 
increased the risk of ICH in patients with previous stroke.40 
In a more recent nationwide case-control study from Den-
mark, longer duration of statin use was associated with a 
lower risk of first ever ICH.41 Moreover, another large pop-
ulation-based study observed that initiating statin therapy 
after ICH was associated with a decreased risk of recur-
rent ICH.42 Our results were therefore consistent with this 
recent real-world evidence of the relative safety of statin 
therapy regarding the risk of hemorrhagic stroke.

This study has several strengths and limitations. We 
used nationwide registries with full coverage of the 
population to avoid selection bias. Results were adjusted 
with a broad coverage of confounders with propensity 
matching. Residual confounding may nevertheless influ-
ence the results of the study; for example, socioeco-
nomic status was not directly measured. Patients who 
were not discharged to home or home-like facilities were 
excluded from the study. These patients are likely to 
have a poor prognosis and are unlikely to greatly benefit 

Figure 4. Secondary outcomes.
Cumulative incidence of (A) recurrent ischemic stroke ([IS]; B) myocardial infarction, cardiovascular death (C), and (D) hemorrhagic stroke in 
inverse probability of treatment weight adjusted patients without and with statin therapy after ischemic stroke.
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from secondary preventive medications, but we have no 
means to study this with the current data. We did not have 
access to more detailed clinical information, such as cho-
lesterol levels, cognition deficits, smoking status, imaging 
data, stroke subtype, or stroke mechanism. Also, we did 
not have data on potential statin contraindications. The 
E-value suggested that the observed HR of 1.37 in long-
term mortality could be explained by an unmeasured con-
founding associated with both early statin use and death 
by a risk ratio of ≥2.1-fold each, above and beyond the 
measured confounders, but weaker confounding could 
not do so.22 Our study was primarily designed to be as 
treated analysis. In addition to marginal effect estimates 
based on IPTW analyses, a conventional time-dependent 
on-treatment analysis showed association with lack of 
statin during follow-up and primary outcome (death). 

On-treatment analyses should, however, be interpreted 
with caution as they do not control for reasons of treat-
ment discontinuation that may cause bias.43 Also, we did 
not have data on changes in covariables during follow-up.

CONCLUSIONS
In this population-based study, approximately one-fourth 
of patients did not use statins after discharge for IS. Lack 
of statin therapy had a severe adverse association with the 
risk of death and MACCE. Risk of death was increased by 
lack of statin use regardless of age, sex, atrial fibrillation, 
recanalization, or other secondary preventive medications. 
Importantly, the risk of ICH did not differ between statin 
users and nonusers. These results suggest that use of 
statins might be beneficial in all IS patients regardless of 

Table 2.  Results of Subgroup Analyses Comparing Long-Term All-Cause Mortality and MACCE 
Between Patients Not Using Statins Versus Patients Using Statins Early After Ischemic Stroke

Subgroup 

All-cause mortality MACCE

HR (95% CI) P value sHR (95% CI) P value 

Sex

 � Men 1.33 (1.27–1.39) <0.0001 1.14 (1.10–1.19) <0.0001

 � Women 1.42 (1.36–1.49) <0.0001 1.29 (1.23–1.34) <0.0001

Age, y

 � <60 1.46 (1.27–1.66) <0.0001 1.22 (1.12–1.34) <0.0001

 � 60–69 1.25 (1.15–1.36) <0.0001 1.10 (1.02–1.19) <0.0001

 � 70–79 1.28 (1.21–1.35) <0.0001 1.15 (1.09–1.21) <0.0001

  �≥80 1.31 (1.25–1.38) <0.0001 1.14 (1.09–1.20) <0.0001

Atrial fibrillation

 � Yes 1.22 (1.16–1.29) <0.0001 1.13 (1.07–1.19) <0.0001

 � No 1.34 (1.29–1.39) <0.0001 1.18 (1.13–1.22) <0.0001

Diabetes

 � Yes 1.27 (1.19–1.36) <0.0001 1.16 (1.09–1.23) <0.0001

 � No 1.40 (1.35–1.46) <0.0001 1.22 (1.18–1.27) <0.0001

Recanalization

 � Yes 1.45 (1.27–1.76) <0.0001 1.21 (1.05–1.41) <0.0001

 � No 1.36 (1.32–1.41) <0.0001 1.21 (1.17–1.25) <0.0001

Antihypertensive medication

 � Yes 1.27 (1.22–1.32) <0.0001 1.14 (1.10–1.18) <0.0001

 � No 1.57 (1.46–1.69) <0.0001 1.32 (1.23–1.41) <0.0001

Antithrombotic medication*

 � Yes 1.34 (1.27–1.41) <0.0001 1.15 (1.10–1.21) <0.0001

 � No 1.24 (1.18–1.32) <0.0001 1.18 (1.12–1.25) <0.0001

Oral anticoagulation

 � Yes 1.24 (1.18–1.31) <0.0001 1.18 (1.12–1.25) <0.0001

 � No 1.34 (1.29–1.29) <0.0001 1.16 (1.12–1.21) <0.0001

Statin prior to IS

 � Yes 1.14 (1.06–1.22) 0.0003 1.12 (1.05–1.20) <0.0001

 � No 1.36 (1.31–1.41) <0.0001 1.19 (1.15–.23) <0.0001

HR indicates hazard ratio; MACCE, major adverse cerebrovascular or cardiovascular event; and sHR, subdistribution 
hazard ratio.

*Adenosine diphosphate inhibitor or dipyramidole. Excludes patients with oral anticoagulation.
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IS subtype and underline the importance of measures to 
improve timely statin use after IS.
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