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Introduction

Effective statin therapy is a cornerstone of secondary prevention after myocardial infarction (MI). Real-life statin dosing
is nevertheless suboptimal and largely determined early after MI. We studied long-term outcome impact of initial statin
dose after Ml.

Consecutive Ml patients treated in Finland who used statins early after index event were retrospectively studied
(N = 72 401; 67% men; mean age 68 years) using national registries. High-dose statin therapy was used by 26.3%,
moderate dose by 69.2%, and low dose by 4.5%. Differences in baseline features, comorbidities, revascularisation, and
usage of other evidence-based medications were adjusted for with multivariable regression. The primary outcome
was major adverse cardiovascular or cerebrovascular event (MACCE) within 10 years. Median follow-up was 4.9
years. MACCE was less frequent in high-dose group compared with moderate dose [adjusted hazard ratio (HR) 0.92;
P < 0.0001; number needed to treat (NNT) 34.1] and to low dose [adj.HR 0.81; P < 0.001; NNT 13.4] as well as in
moderate-dose group compared with low dose (adj.HR 0.88; P < 0.0001; NNT 23.4). Death (adj.HR 0.87; P < 0.0001;
NNT 23.6), recurrent Ml (adj.sHR 0.91; P = 0.0001), and stroke (adj.sHR 0.86; P < 0.0001) were less frequent with
a high- vs. moderate-dose statin. Higher initial statin dose after M| was associated with better long-term outcomes in
subgroups by age, sex, atrial fibrillation, dementia, diabetes, heart failure, revascularisation, prior statin usage, or usage
of other evidence-based medications.

Higher initial statin dose after Ml is dose-dependently associated with better long-term cardiovascular outcomes. These
results underline the importance of using a high statin dose early after Ml.

Coronary artery disease ® Myocardial infarction ® Statin ® Outcomes

we set out to investigate the real-life, long-term outcome impact of
initial statin dose after Ml using a population-based design.

Intensive low-density lipoprotein (LDL) cholesterol lowering via
effective pharmacotherapy plays a crucial role in secondary
prevention after myocardial infarction (MI)."~3 Although novel
and highly effective therapies are emerging, such as PCSK9 inhibitors
and siRNAs, 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase
inhibitors (statins) are currently the mainstay and first-line therapy
after ischaemic events.*> Higher statin doses were shown to be
more effective at reducing adverse outcomes in an earlier clinical
trial,® and the extent of LDL reduction has been linked to better
outcomes in observational data after MI3 In real life, dosing of
statins is, however, known to be suboptimal, with moderate- and
low-dose statins frequently used in secondary prevention.”® The
benefits of higher statin doses after Ml in the modern reperfusion and
pharmacotherapy era are currently inadequately known. Therefore,

Methods
Study design

We studied the impact of first statin dose after Ml on long-term outcomes.
The primary outcome was composite major adverse cardiovascular and
cerebrovascular event (MACCE; all-cause death, recurrent Ml, or stroke)
within ten years of index event. Secondary outcomes were all-cause death,
recurrent Ml, and stroke. Studied outcomes are described in more detail
in the Supplement. Consecutive adult M| patients admitted between 1
July 2004 and 30 June 2018 were retrospectively identified from the Care
Register for Healthcare in Finland (CRHF). Only the first Ml admission
during the study period was included. The CRHF includes data on all
hospital admissions and major interventional procedures in Finland.” All
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Classification of statin intensity and Anatomical Therapeutic Classification codes used for statin

C10AAOQ5, C10BA0S, C10BX03, C10BX08, C10BX11, C10BX12, C10BX15

C10AA03, C10BA03, C10BX02

C10AA01, C10BA02, C10BA04, C10BX01, C10BX04

Table |
detection.
Intensity
High Moderate Low ATC codes

Atorvastatin 40-80 mg 10-20 mg -

Fluvastatin - 80 mg 20-40 mg C10AA04
Lovastatin - 40 mg 20 mg C10AA02, C10BAO1
Pitavastatin* C10AA08
Pravastatin - 40-80 mg 10-20 mg

Cerivastatin* C10AA06
Simvastatin 80 mg 20-60 mg 10 mg

Rosuvastatin 20-40 mg 10 mg -

C10AAQ07, C10BA06, C10BX05, C10BX07, C10BX09, C10BX10, C10BX13, C10BX14

* Not used by study patients

Finnish hospitals that treat Ml patients (N = 20, of which five university
hospitals have emergency cardiac surgery available) were included in the
study. Index MI was identified with ICD-10 code 121 as the primary
discharge diagnosis. To capture only incident Mls, patients admitted to
medical, surgical, or intensive care wards through paramedic services or
emergency departments were included.'® Patients who purchased a statin
within 90 days after hospital discharge from the index MI were included
(N = 72 780). In Finland, out-of-hospital cardiovascular medications are
available only from pharmacies with a prescription and are dispensed
for a maximum of three-month usage. All purchases are recorded in
the national database that was used in the study."" Patients with miss-
ing follow-up data (N = 2), usage of a PCSK9 inhibitor (N = 2), and
those treated with aortic or valvular surgery (N = 375) during the
index admission were excluded (Supplementary material online, Figure S1).
Co-morbidities, treatments, and prescription medications were detected
using a combination of national registries as previously defined.'? Initial
usage of statins and other prescription medications after Ml was defined
as medication purchase within 90 days after hospital discharge.'® Statin
usage before Ml was defined as a purchase within 90 days prior to Ml. Ad-
herence to statin therapy during follow-up was studied at yearly intervals
(Supplement Methods). Statin intensity was classified as high, moderate, or
low' (Table 1). Follow-up data were available up to 31 December, 2018.
Median follow-up was 4.9 (IQR 2.3-8.5; maximum 10.0) years.

Data sources and permissions

Data on hospital admissions, major operations, malignancies, prescription
medication purchases, medication reimbursements, and mortality of the
included patients were obtained from national registries and combined.
The data in the CRHF registry, the Finnish cancer registry, prescription
medication purchase registry, and reimbursement registry of prescription
medication 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 the nationwide cause of death registry main-
tained by Statistics Finland (permission no: TK-53—484-20). The included
registries are mandatory by law and offer full coverage of the Finnish
population (Supplement methods).

The requirement for informed consent was waived by law due to the
study design. The participants were not contacted. The legal basis for the
processing of personal data was public interest and scientific research (EU
General Data Protection Regulation 2016/679 (GDPR), Article 6(1) (e)
and Article 9(2) (j); Data Protection Act, Sections 4 and 6).

Statistical analysis

Differences between study groups were analysed with x? test, t-test, and
Wilcoxon rank-sum test. The Cochran—Armitage test was used to study
trends. Outcomes were studied using cumulative incidence function and
Cox regression (MACCE and all-cause death) or Fine-Gray regression
accounting for competing risk of non-endpoint specific death (recurrent
Ml and stroke)." Schoenfeld residuals were used for confirmation of pro-
portional (sub distribution) hazard assumptions. Multivariable regression
models were adjusted with the predetermined baseline features listed
in Table 2. Potential residual confounding was estimated by calculating
the E-value.® Number needed to treat (NNT) for long-term outcomes
was calculated with hazard ratio (HR) as previously described."” Results
were given as the mean, median, percentage, standardized mean difference
(SMD), HR, or sub distribution HR (sHR) with 95% confidence interval
(CI), IQR, or = standard deviation (SD). Statistical significance was de-
tected at P value < 0.05. SAS version 9.4 (SAS Institute Inc., Cary, NC,
USA) was used for the analyses.

Results

A total of 72 401 patients were included in the study, of whom 26.4%
had high, 69.1% had moderate, and 4.5% had low statin doses as the
first-line statin therapy after MI. Therapy intensity decreased with
increasing age (Table 2). Simvastatin was the most frequently used
initial statin overall and atorvastatin most frequently used high-dose
statin (Supplementary material online, Table S7). A high-dose statin
was used more frequently by patients with the fewest co-morbidities,
and a low dose was used by patients with the highest co-morbidity
burden (Table 2). Revascularization was associated with higher statin
dosing. Usage of an adenosine diphosphate (ADP) inhibitor or
angiotensin-convertase-enzyme inhibitor (ACEi)/antiotensin receptor
blocker (ARB) after Ml was also associated with a higher statin dose.
Atrial fibrillation and usage of oral anticoagulation were associated
with lower initial statin dose. The proportion of patients with a
high-dose statin after Ml increased substantially during the study
period, while usage of moderate- and low-dose statins decreased
(trend P < 0.0001) (Figure Ta). Of the post-MI patients who used
statin therapy prior to M, 24.3% were prescribed a high dose, 25.2%
were prescribed a moderate dose, and 50.5% were prescribe a low
dose after MI (P < 0.0001). Statin dose was increased after Ml in
18.6% of patients with a moderate dose and in 89.8% of patients
with a low-dose statin before Ml (Figure 1b). Adherence to statin
therapy decreased during follow-up with 24.1% of patients classified
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Statin dose after myocardial infarction

Table 2 Baseline features of myocardial infarction patients by intensity of statin therapy after myocardial

infarction.
Statin dose
N =19 078 N = 50 082 N = 3241 P-value
Variable High Moderate Low Between group
Age, years (SD) 64.8 (11.6) 68.9 (12.1) 76.2 (10.5) <0.0001
Women 26.6% 34.4% 48.8% <0.0001
Medical history
Alcohol abuse 3.6% 2.8% 1.9% <0.0001
Anaemia 2.2% 2.9% 4.9% <0.0001
Atrial fibrillation 9.8% 13.2% 22.4% <0.0001
Cerebrovascular disease 9.4% 10.1% 15.8% <0.0001
Chronic pulmonary disease 11.4% 12.9% 14.6% <0.0001
Coagulopathy 0.4% 0.4% 0.7% 0.005
Dementia 2.0% 3.4% 7.4% <0.0001
Depression 9.4% 8.6% 11.0% <0.0001
Diabetes 24.7% 24.3% 34.6% <0.0001
Insulin dependent 8.2% 8.2% 12.9% <0.0001
Non-insulin dependent 16.5% 16.1% 21.6% <0.0001
Heart failure 12.2% 17.9% 31.1% <0.0001
Hypertension 47.6% 49.8% 61.3% <0.0001
Liver disease 1.0% 0.8% 1.1% 0.026
Malignancy 11.1% 11.3% 14.0% <0.0001
Paralysis 0.5% 0.3% 0.3% 0.045
Peripheral vascular disease 6.4% 6.8% 9.9% <0.0001
Prior CABG 3.7% 3.1% 5.2% <0.0001
Prior myocardial infarction 12.6% 13.5% 20.4% <0.0001
Psychotic disorder 2.7% 3.0% 3.2% 0.027
Rheumatic disease 5.3% 7.4% 6.1% <0.0001
Renal failure 2.1% 2.7% 5.5% <0.0001
Valvular disease 4.0% 4.7% 8.7% <0.0001
Revascularization 79.7% 62.7% 38.9% <0.0001
PCI 72.7% 54.9% 33.6% <0.0001
CABG 7.9% 8.5% 6.1% <0.0001
ST-elevation Ml 45.8% 38.4% 24.6% <0.0001
Pharmacotherapy after Ml
ADP-inhibitor 85.8% 71.5% 51.9% <0.0001
ACEi or ARB 78.0% 70.8% 64.5% <0.0001
Aldosterone antagonist 4.4% 3.7% 4.7% <0.0001
Antiarrhythmic 1.2% 1.2% 1.6% 0.075
Beta-blocker 86.5% 88.2% 85.5% <0.0001
Digoxin 1.0% 2.9% 6.1% <0.0001
Ezetimibe 5.0% 2.4% 32% <0.0001
Oral anticoagulant 11.2% 14.3% 18.1% <0.0001
Treatment in university hospital 60.6% 49.6% 41.8% <0.0001
Admission > 30 days 2.0% 3.7% 6.9% <0.0001

ADP, adenosine diphosphate; ACEi, angiotensin-converting-enzyme inhibitor; ARB, angiotensin receptor blocker; PCI, percutanous coronary intervention; CABG, coronary

artery bypass grafting; MI, myocardial infarction.

as non-adherent 10 years after index MI (Figure 2). The dosage of
used statins remained similar during the follow-up (27.7% high, 68.3%
moderate, and 4.0% low dose at 10 years) (Figure 2)

During the 10-year follow-up, 27 647 patients experienced
MACCE. Occurrence of MACCE was 43.3% in the high-dose group,

53.3% in the moderate-dose group, and 76.4% in the low-dose group
during the follow-up after index MI (Figure 3). After adjustments for
baseline features, treatments, and other post-MI pharmacotherapies,
higher statin dose was dose-dependently associated with lower risk of
MACCE (Table 3). Risk of MACCE was lower in the high-dose group
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Figure | (a) Trends for first statin dose after myocardial infarction during the study period. (b) Association of statin dose used before and after

myocardial infarction.

compared with the moderate-dose group (adj.HR 0.92; P < 0.0001)
and the low-dose group (adj.HR 0.81; P < 0.0001), as well as in the
moderate-dose group compared with the low-dose group (adj.HR
0.88; P < 0.0001) (Table 3). The NNTs for 10-year MACCE were 34.1
(Cl 24.5-55.2) for high dose vs. moderate dose, 13.4 (Cl 10.8-18.9)
for high dose vs. low dose, and 23.4 (Cl 18.5-35.6) for moderate dose
vs. low-dose statin. The E-value was 1.39 (Cl 1.28-1.49) for high dose
vs. moderate dose, 1.77 (Cl 1.60-1.92) for high dose vs. low dose,
and 1.53 (Cl 1.39-1.63) for moderate dose vs. low dose in terms of

ten-year MACCE. Higher initial statin dose after Ml was associated
with a lower risk of MACCE in patients sub-grouped by age, sex,
atrial fibrillation, dementia, diabetes, heart failure, revascularization,
ST-elevation, usage of ADP inhibitors, ACEi/ARBs, or beta-blockers,
and prior usage of a statin (Supplementary material online, Table S2).

Of all patients, 13 154 had recurrent MI, 5055 experienced stroke,
and 19 483 died during the follow-up period. All-cause 10-year mor-
tality was 28.9% in the high-dose group, 41.6% in the moderate-dose
group, and 68.0% in the low-dose group (Figure 4). Mortality was
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Figure 2 Adherence to statin use and used dose during the follow-up after index myocardial infarction.

dose-dependently lower with a higher statin dose after adjustments
(Table 3). The NNT was 23.6 (Cl 17.9-34.5) for high dose vs. mod-
erate dose, 9.9 (Cl 8.0-12.9) for high dose vs. low dose, and 234
(Cl 16.3-35.6) for moderate dose vs. low-dose statin to ten-year
mortality. Cumulative incidence of recurrent Ml at ten years was
21.4% in the high-dose group, 23.2% in the moderate-dose group,
and 34.2% in the low-dose statin group (Figure 5). Sub-distribution
hazard of recurrent Ml was lower with a higher statin dose (Table 3).
Cumulative ten-year incidence of stroke (9.9% in the high-dose group,
11.7% in the moderate-dose group, and 14.5% in the low-dose group)
(Figure 5) was lower in the high-dose statin group vs. the moderate-
and low-dose groups, but not in the moderate vs. the low-dose group
after adjustments (Table 3).

Discussion

This observational, population-based study investigated the impact of
initial statin dose after Ml on long-term adverse outcomes. Higher
initial statin dose was independently associated with lower risk of
MACCE and all-cause mortality after MI. The NNT for using a high
dose vs. a moderate-dose statin early after Ml was 34.1 for MACCE
and 23.6 for all-cause mortality at 10 years.

Earlier randomized trials have shown the benefits of early higher
intensity statin therapy in terms of secondary prevention after M|.6:'8
These trials were, however, from an era with higher population risk
factors'® and prior to the current percutaneous coronary interven-
tions and dual antiplatelet therapies. To the best of our knowledge,
there have been no current-era trials on the effects of statin dose after
MI. A recent Swedish registry study found early LDL reduction after
Ml to be linearly associated with reduction of major cardiovascular
events and death.? In agreement with this study, in a French registry
study of patients with a history of previous M, the intensity of statin
therapy was associated with a lower risk of major cardiovascular
events.® We studied a clinically straightforward question regarding the
potential long-term benefit of using different statin doses initially after

MI. Our results showed a robust association of a more intensive initial
early statin dose with lower risk of MACCE, death, recurrent Ml, and
stroke over the long-term follow-up after Ml.

Notably, the association of statin dose and the cardiovascular out-
come was present across a wide spectrum of patients sub-grouped
by age, sex, comorbidities, and usage of other evidence-based sec-
ondary preventive medications. Our results were in line with previous
observations on beneficial statin influence regardless of sex?® or co-
morbidities.?’ In agreement with previous results,? the association of
statin dose with outcomes was less prominent in patients already
using a statin before MI. Although there was no observable difference
in MACCE between high vs. moderate doses in previous statin users,
high and moderate doses were associated with better outcomes vs. a
low dose, which indicated that intense statin therapy is also beneficial
in these patients.

The frequent use of low- and moderate-dose statin therapy during
the first half of the study period can partly be explained by higher
prices and reimbursement restrictions of atorvastatin and rosuvas-
tatin.?2

Importantly, we found that patients in the highest risk groups for
adverse outcomes used the lowest intensity of statins. The same
paradoxical phenomenon was observed in previous studies.” In peo-
ple aged > 75 years, the beneficial effect of statins on secondary
prevention has been clearly demonstrated.” However, older patients
and those with multiple morbidities and polypharmacy may be per-
ceived as more likely to suffer from adverse effects and drug/drug
interactions, thus reducing the intensity of used statin therapy. Taken
together, the current and previous results strongly underline the
importance of using high statin dosing early after Ml whenever
possible.

Current guidelines advocate high-dose statins and intensive LDL
reduction after Ml. High-dose statins have class IA guideline rec-
ommendations for all patients after Ml in the US lipid guidelines?
and European STEMI guidelines.* More recent European lipid' and
NSTEMP® guidelines give IA recommendations for lowering LDL-C
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Figure 3 Cumulative incidence of major adverse cardiovascular or cerebrovascular event after myocardial infarction by first statin dose after index

event. Dashed lines represent 95% confidence intervals.

Table 3 Results of multivariable adjusted regression models comparing 10-year outcomes between patients with
different initial statin dose after myocardial infarction. Models are adjusted for age, sex, comorbidities (listed in
Table 2), revascularization (PCl or CABG), ST-elevation, pharmacotherapy after Ml (listed in Table 1), treating

hospital, and index admission duration of > 30 days.

High vs. Moderate High vs. Low Moderate vs. Low
Outcome adj.HR (95%Cl) P-value adj.HR (95%Cl) P-value adj.HR (95%Cl) P-value
MACCE 0.92 (0.89-0.95) <0.0001 0.81 (0.77-0.86) <0.0001 0.88 (0.85-0.92) <0.0001
Death 0.87 (0.83-0.91) <0.0001 0.76 (0.71-0.81) <0.0001 0.88 (0.83-0.92) <0.0001
Outcome adj.sHR (95%Cl) P-value adj.sHR (95%Cl) P-value adj.sHR (95%Cl) P-value
Recurrent Ml 0.91 (0.87-0.96) 0.0001 0.79 (0.73-0.85) <0.0001 0.86 (0.81-0.92) <0.0001
Stroke 0.86 (0.80-0.92) <0.0001 0.88 (0.78-1.00) 0.049 1.03 (0.93-1.15) 0.570

MACCE = Major adverse cardiovascular or cerebrovascular event. Ml = myocardial infarction. sHR = Subdistribution HR.

below < 1.4 mmol/l, which is very rarely achieved by non-high-dose
statins. Interestingly, the addition of a PCSK9 inhibitor to a high-dose
statin further reduces coronary plaque burden,”® which suggests po-
tential benefits of even more intensive LDL lowering in the future,
albeit outcome studies are still in progress. The proportion of patients
with high-dose statins after Ml is, however, notably low in real life,
as shown by our data and previous observational studies.”®2%25
Importantly, the initial statin dose after Ml is a strong determinant of
later dosing, as shown by a US study that found only 4% of patients
discharged on low- or moderate-dose statins were up-titrated to high
intensity within one year after MI.2¢ Post-MI lipid testing influenced the
usage of high intensity statins only slightly,”® further underlining the
importance of initial statin dose and undermining potential reliance on
future dose increases after discharge. Luckily, our results and recent

data from the US’ demonstrate an increasing trend for high-dose
statin use after ML.

Good adherence to statin therapy has been linked with a lower risk
of cardiovascular events.82-2° Yet, real-life, long-term statin adher-
ence is inadequate as shown by our results and previous findings,®3°
and, paradoxically, high-risk patients are most likely to discontinue
statins.3' Interestingly, we found the distribution of used statin doses
to remain virtually equal during the long-term secondary prevention
after Ml underlining the real-life importance of initial statin dos-
ing. The reasons for non-adherence are complex and inadequately
understood, regardless of the fact that the safety of statins has
been extensively demonstrated.>? Even though serious adverse effects
caused by statins are rare, a large proportion of patients have mild
muscle symptoms.32-3* Except for autoimmune-mediated necrotizing
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Figure 4 All-cause mortality after myocardial infarction by first statin dose after index event. Dashed lines represent 95% confidence intervals.

myositis, the muscle toxicity of statins is a concentration-dependent
phenomenon. High-dose statin therapy is associated with a higher
frequency of muscle symptoms, with up to 10% of patients reporting
muscle complaints during high-dose statin therapy.>>¢ These mus-
cle symptoms—and the fear of them—is a major factor that limits
adherence to statin therapy.*?

Notably, we found that moderate-dose statins yield better out-
comes than low-dose statins. This reflects an important notion that,
although a low-dose statin is better than no statin,?” the dose should
be kept as high as possible even if high doses are not tolerated.
Moreover, ezetimibe added to a statin reduces adverse outcomes
after acute coronary syndrome.®® Our analyses were adjusted for
ezetimibe to emphasize the fact that ezetimibe should not be used as
a replacement for a higher statin dose but rather as a complementary
therapy with a maximally tolerated statin.’

There are strengths and limitations in our study. We used an
all-comer, population-based study design with combined nationwide
registries to avoid selection and lost-to-follow-up biases. The results
were adjusted with broad coverage of potential confounders, but
residual confounding by non-recognized factors was, nevertheless,
possible, and may have influenced the results of the study. As we did
not have access to dosing instructions, statin dose was assumed to
be unit per day, which is the case in 95% of prescriptions, based on
a previous study in Finland.>’ Furthermore, we did not have access
to detailed information on LDL levels or other laboratory mea-
sures, angiographical data, other imaging data, socioeconomic status,
or lifestyle features. It is also possible that potential non-adjusted
changes in Ml care over time may influence the results. Based on
the E-value, the observed risk reduction in long-term MACCE by
high- vs. moderate-dose statin could be explained by an unmeasured
confounding associated with a higher statin dose and MACCE by
a risk ratio of 1.4 for each, above and beyond the measured con-
founders, but weaker confounding could not accomplish this."® The
ethnic backgrounds of the patients were not available, but, because the

Finnish population is predominantly white, the generalizability of our
results to more diverse populations may be limited. Incomplete and
erroneous coding are inherent limitations of observational registries,
but it is unlikely that these potential errors would have influenced
study groups significantly differently. Our study was designed as an
intention-to-treat type analysis. Therefore, our results may differ from
the on-treatment results in long-term follow-up.

In conclusion, a higher initial statin dose after Ml is dose-
dependently associated with better long-term cardiovascular out-
comes. Association was present across the spectrum of Ml patients.
Paradoxically, however, patients with the highest risk for adverse
outcomes used the lowest intensity of statins. These results underline
the importance of using high statin dosing early after MI.

Supplementary material
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