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Background: In a prospective cohort of consecutive acute coronary syndrome (ACS) patients, we compared
the adherence rate of statin usage and mortality rate during a median follow-up of 23 months.
Hypothesis: Adherence to statin therapy after acute coronary syndrome affects mortality rate.
Methods: We analyzed ACS patients (N = 1969; age, 65.9 ± 11.8 years; female 30.4%) who underwent
angiography between March 2006 and March 2008. The postdischarge usage of statins was based on the
purchase register of the Social Insurance Institution of Finland. The death rate was verified from Statistics
Finland.
Results: At discharge, the rate of statin prescription to patients was 95.4% (n = 1878). When comparing
adherent patients (n = 1200; 61.7%), who purchased the medication systematically until the end of the
median 23-month follow-up, with nonadherent patients (n = 94; 4.8%), who did not use the medication at
all, there was a vast difference in absolute death rate between the groups: 4.9% vs 14.9%, respectively
(P < 0.001). We conducted Cox proportional hazards model with ACS type, cerebrovascular attack, diabetes,
age, 3-artery disease, and cancer as adjusted confounders. Compared with regular statin users, nonusers
were associated with a >2× increased hazard ratio of mortality (hazard ratio: 2.70, 95% confidence interval:
1.49-4.90, P = 0.001).
Conclusions: Statin medication is essential for discharged ACS patients. They should be strongly encouraged
to purchase and use it.

Introduction
Remarkable progress has been made in therapeutic proce-
dures in the treatment of acute coronary syndrome (ACS),
which has led to excellent primary results. However, care
after discharge from the hospital gets much less attention.
In the repertoire of ACS patients’ medication, 3-hydroxy-
3-methyl-glutaryl-CoA-reductase inhibitors (statins) are the
single most important antiatherosclerotic drugs. They sta-
bilize plaques and reduce cardiovascular morbidity and
mortality.1,2 Guidelines recommend initiating statins in all
ACS patients without contraindications during the first
treatment period.2,3 Yet regardless of the overwhelming
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evidence of the benefits of statins, at least 5% to 20%4,5 of the
patients do not start the medication, and later on the rate
of usage even decreases.5–8 Patients’ adherence to medica-
tion may be high in clinical trials, but in clinical practice it
is unsatisfactory.9 Reasons for nonadherence are multiple.
True side effects explain part of it,9,10 but also, for example,
negative media coverage may be very important. The impact
of nonadherence to statins on mortality seems evident but
is still scarcely studied,9–11 and the problem of adherence
has been examined mainly in older populations.5,7,12,13 Fur-
thermore, many adherence analyses date back to the 1990s
and early 2000s, and the general public’s knowledge of the
benefits (and possible side effects) of statins has increased
since then.12,13 Therefore, to investigate the relationship
between adherence to statin therapy and mortality, we ana-
lyzed consecutive ACS patients who underwent coronary
angiography in a recent, prospective setting. Moreover, we
wanted to separate primary and secondary adherence.

E22 Clin. Cardiol. 35, 11, E22–E27 (2012)
Published online in Wiley Online Library (wileyonlinelibrary.com)
DOI:10.1002/clc.22056 © 2012 Wiley Periodicals, Inc.

Received: April 7, 2012
Accepted with revision: August 11, 2012



Methods
Between March 2006 and March 2008, a total of 5809 con-
secutive patients were assigned for coronary angiography in
the Helsinki University Central Hospital. Data collected for
this prospective Genetic Predisposition of Coronary Artery
Disease (Corogene) study register included comprehensive
information gathered from all patient records and a 2-page
patient questionnaire incorporating medical history, current
condition, cardiovascular risk factors, medications, and elec-
trocardiogram, echocardiography, and coronary angiogram
results.14 This material included 2091 patients with ACS,
defined as an episode of typical chest pain for ischemia and
>50% stenosis in ≥1 coronary artery. The electrocardiogram
had to show typical ischemic changes for uns angina pectoris
(UA), non–ST-elevation myocardial infarction (NSTEMI),
or ST-elevation myocardial infarction (STEMI).2,15 All ACS
patients were treated with standard drug regimens and
procedures.2,15 The distribution of diagnoses among these
ACS patients was as follows: UA, 11% (n = 214); NSTEMI,
54.3% (n = 1056); and STEMI, 34.7% (n = 675).

The information on medication usage is based on the
Finnish Prescription Register maintained by the Social
Insurance Institution of Finland,16 covering all the patients’
medication purchases between January 1, 2005, and March
31, 2009. Causes of death were obtained from Statistics
Finland and the follow-up lasted until March 31, 2009, or
until the patient’s death.

Detailed information about adherence calculations is
provided in supplemental online data. In brief, patients
were divided into 3 groups according to the number
and interval of purchases as well as the initiation of
medication (Figure 1). To assess primary adherence (filling
of the first prescription), we excluded patients who
had purchased statins before the index date (n = 780),
yielding us 1099 statin-na ı̈ve patients by the time of the
coronary angiography. Secondary adherence (continuation

Figure 1. Classification of patients as regular statin users, irregular statin
users, and nonusers.

of existing medication) was based on the continuation and
regularity of medication purchases during the follow-up.
The impact of statin usage was assessed by comparing
death rates between different groups.

All patients gave signed informed consent. The Ethics
Committee of the Hospital District of Helsinki and Uusimaa,
Helsinki, Finland, approved the research protocol. This
study complies with the Declaration of Helsinki.

Statistical Analysis

Numbers are given as mean ± SD, median with interquartile
range (IQR; 25–75 percentiles), or percentages. Categorical
variables between different groups were analyzed with
cross-tabulation and χ2 analyses or Fisher exact test
where appropriate. Normally distributed continuous scale
variables (body mass index, age, and cholesterol levels)
were analyzed with independent t test and 1-way ANOVA
where appropriate. To adjust for differences between
various groups, we conducted multivariate Cox proportional
hazards models. We chose prior myocardial infarction (MI),
comorbidities (cerebrovascular attack [CVA], peripheral
vascular disease, cancer, kidney disease, and arrhythmia),
prior procedures (percutaneous coronary intervention,
coronary artery bypass grafting), severity of disease (3-
artery disease), ACS type, medications (acetylsalicylic
acid, angiotensin blockers, angiotensin-converting enzyme
inhibitors, clopidogrel, and β-blockers), cholesterol levels,
body mass index, hypertension, diabetes mellitus (DM),
age, sex, and smoking as candidate variables for Cox
proportional hazards models. Final variables were chosen
by the significance level of P ≤ 0.05 for each variable in
different regression models. Hazard ratios (HR) with their
95% confidence intervals (CI) are reported. All tests were
2-sided and used a significance level of 0.05. All statistical
analyses were conducted with PASW Statistics version 18.0
(SPSS Inc., Chicago, IL).

Results
There were 2091 consecutive ACS patients in the Corogene
database, and we had complete data for 2018 patients (97%).
Of the latter, 1969 (98%) patients were discharged alive
and 1878 (95%) with a prescription for statins according to
hospital medical charts. Twenty-four patients (1.2%) died
during the first month after discharge. The overall mortality
rate from discharge until the end of the follow-up among
patients who had a prescription at discharge was 7.2%
(n = 136) vs 24.4% (n = 22) among patients who did not
get a prescription (HR: 0.47, 95% CI: 0.30-0.75, P = 0.001).

For comparative purposes, the 1945 patients alive 1 month
after discharge form the cohort for the analyses of both
secondary adherence for statins and the impact of primary
adherence on mortality. Their baseline characteristics at the
time of angiography are shown in the Table 1.

Primary Adherence

Of the patients with a statin prescription but no prior
purchases (statin na ı̈ve), 79.9% (n = 878/1099) had bought
the medication within 7 days, 13.1% (n = 144) within 7
to 120 days, and 7.0% (n = 77) later than 120 days after
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Table 1. Baseline Characteristics of the Patient Cohort: Regular Statin Users, Irregular Users, and Nonusers

Valid Cases All Statin Users Irregular Users Nonusers P Value

Patients, n (%) 1945 1945 1200 (61.7) 651 (33.5) 94 (4.8)

Age, y, mean ± SD 1945 65.6 ± 11.8 65.2 ± 11.7 66.1 ± 11.6 68.4 ± 13.3 0.011

Female sex 1945 30.1 29.9 30.3 31.9 0.684

BMI, mean ± SD 1929 27.5 ± 4.8 27.4 ± 4.8 27.6 ± 4.8 27.1 ± 4.7 0.614

Cholesterol levels at admission (mmol/L)

fP-Cholesterol, mean ± SD 1608 4.33 ± 1.09 4.35 ± 1.09 4.32 ± 1.10 4.16 ± 0.99 0.332

fP-LDL-C, mean ± SD 1543 2.40 ± 0.89 2.42 ± 0.89 2.40 ± 0.91 2.29 ± 0.82 0.475

fP-HDL-C, mean ± SD 1608 1.24 ± 0.36 1.24 ± 0.35 1.24 ± 0.39 1.22 ± 0.38 0.892

Risk factors and prior procedures

Smoker 1928 31.6 30.8 34.5 23.1 0.098

Ex-smoker 1928 32.2 31.7 32.2 32.4 0.365

Hypertension 1945 65.6 64.4 68.2 61.7 0.607

DM 1945 22.8 19.8 27.8 26.6 0.034

Dyslipidemia 1945 71.1 70.2 75.1 54.3 0.002

Prior MI 1926 20.4 18.6 24.3 21.5 0.050

Prior PCI 1945 11.5 11.0 12.4 10.6 0.869

Prior CABG 1945 9.6 9.2 10.4 9.6 0.903

Vessel status

1-artery disease 1945 41.1 42.2 38.1 47.9 0.861

2-artery disease 1945 26.1 25.8 26.4 26.6 0.861

3-artery disease 1945 32.4 31.8 34.7 25.5 0.861

ACS type

UA 1945 11.0 11.6 10.0 10.6 0.474

NSTEMI 1945 54.3 52.9 56.2 58.5 0.474

STEMI 1945 34.7 35.5 33.8 30.9 0.474

Procedures during this care period or later

PCI 1945 71.0 72.2 68.5 73.4 0.872

CABG 1945 14.0 14.4 14.3 6.4 0.027

Comorbidities

Arrhythmias 1929 16.7 16.0 17.4 21.3 0.072

Cancer 1943 7.1 6.3 8.4 8.5 0.120

Kidney disease 1945 2.4 2.2 2.8 2.1 0.859

Rheumatoid arthritis 1944 4.6 4.8 4.1 4.3 0.636

Psychiatric disorder 1945 2.4 2.9 3.4 3.2 0.418

CVA 1920 11.9 10.1 15.6 8.7 0.002

PVD 1921 9.2 9.1 9.5 8.7 0.954
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Table 1. Continued

Valid Cases All Statin Users Irregular Users Nonusers P Value

Concurrent drugs

β-Blockers 1942 92.6 91.3 92.2 90.4 0.536

ASA 1945 91.4 93.2 91.7 91.5 0.761

ACE inhibitors 1939 57.7 59.0 56.1 57.0 0.523

ATR blockers 1939 15.1 14.5 16.5 13.5 0.489

Clopidogrel 1943 79.7 79.6 80.0 79.6 0.858

Ca blockers 1935 12.9 11.7 15.5 10.6 0.054

Abbreviations: ACE, angiotensin-converting enzyme; ACS, acute coronary syndrome; ASA, acetylsalicylic acid; ATR, angiotensin receptor; BMI, body mass
index; Ca, calcium; CABG, coronary artery bypass graft; CV, cardiovascular; CVA, cerebrovascular attack; DM, diabetes mellitus; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; MI, myocardial infarction; NSTEMI, non–ST-elevation myocardial infarction; PCI,
percutaneous coronary intervention; PVD, peripheral vascular disease; SD, standard deviation; STEMI, ST-elevation myocardial infarction; UA, unstable
angina.

discharge, or did not buy the drugs at all, and were therefore
primarily nonadherent for statins.

Those who acquired their medicines within 7 days after
discharge (n = 878) were more likely to be strictly adherent
statin users during the whole follow-up period than those
who bought the prescribed statin between 7 and 120 days
after discharge (n = 144) (76.5% vs 49.3%, respectively;
P < 0.001). They were also less likely to be irregular users
(21.5% vs 49.3%, respectively; P < 0.001) in the future.

Secondary Adherence

According to the Social Insurance Institution, 90.5% (n =
1761/1945) of discharged patients had initiated statins
before hospitalization or within 30 days after discharge.
After 1 and 2 years from hospitalization, 62.0% (n = 1205)
and 59.4% (n = 1155), respectively, were still using the
medication without a single purchase interval longer than
180 days. Of the patients, 61.7% (n = 1200/1945) purchased
their statin medication systematically throughout the follow-
up and were categorized as regular statin users; 33.5%
(n = 651) were determined as irregular users; and 4.8%
(n = 94) fell into the nonuser group. In sensitivity analyses
with purchase intervals of 90, 120, and 150 days, 1.7%
(n = 33), 32.2% (n = 627), and 51.6% (n = 1004) of the
patients, respectively, purchased medication systematically.

Among regular statin users, the mean duration of
medication use during the follow-up (from January 1, 2005, to
March 31, 2009) was 27.5 months (SD ± 12.4; IQR, 16.5 mo),
the number of purchases was 11.4 (SD ± 5.9; IQR, 8.0), and
the purchase interval time was 85.4 days (SD ± 19.0; IQR,
21.8 days). Among regular users, ≥1 purchase interval was
longer than 90, 120, or 150 days in 97.3% (n = 1168), 45.4%
(n = 545), or 14.9% (n = 179) of the patients, respectively.

To further characterize the 1200 regular statin users, we
divided them into 2 subgroups based on the mean interval
time between purchases. The cutoff time of 100 days was
decided based on the assumption that medication users
buy medications for a 3-month period, which they are
maximally allowed. The mean interval time was ≤100 days
vs >100 days among 86.3% (n = 1036) and 13.7% (n = 164)
of the regular users, respectively.

Figure 2. Adjusted Cox regression survival curves for primary adherent
patients: first purchase within 7 days vs first purchase between 7 and
120 days.

Impact of Medication Usage on Mortality

Primary Adherence: Of the 1099 patients without previous
statin purchases, 1021 patients were alive 30 days after their
discharge. During the follow-up, patients who purchased
their first statin prescription within 7 days after discharge
had a significantly lower mortality rate than those who did
so between 7 and 120 days after discharge (3.2% vs 10.4%,
respectively; P < 0.001). In an age- and CVA-adjusted Cox
proportional hazards model, the sloppier primary adherence
was associated with a 2-fold relative risk (RR) of death (HR:
2.34, 95% CI: 1.19-4.59, P = 0.013) (Figure 2).
Secondary Adherence: During the follow-up, there was
a graded difference in mortality between patient groups
with regular, irregular, and nonuse of statins (unadjusted
rate 4.9%, 9.4%, and 14.9%, respectively; P < 0.001). The
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Figure 3. Adjusted Cox regression survival curves for secondary
adherence: regular statin users, irregular users, and nonusers.

respective rates of cardiovascular death were 2.9%, 5.1%, and
7.4% (P = 0.013). Total cholesterol, low-density lipoprotein
cholesterol, and high-density lipoprotein cholesterol levels
taken at the admission did not alter between different statin
user groups. We conducted Cox proportional hazards model
with ACS type, CVA, DM, age, 3-artery disease, and cancer
as adjusted confounders. Compared with regular statin
users, nonusers were associated with >2× increased HR of
mortality (HR: 2.70, 95% CI: 1.49-4.90, P = 0.001) (Figure 3).
Irregular use of statins increased the RR by 50% (HR: 1.53,
95% CI: 1.06-2.21, P = 0.023).

In sensitivity analyses, death rates differed in a similar
trend. Medication users with systematic purchases every
120 and 150 days had lower mortality rates of 3.7%
(P < 0.001) and 3.9% (P < 0.001) compared with nonusers
at 14.9%, respectively. The difference in mortality between
nonusers and medication users with regular purchases
every 90 days was insignificant because of the low number
of patients in the group with a purchase every 90 days.

Death rates differed statistically significantly also among
medication users when the regularity groups based on
mean purchase interval times (≤100 days vs >100 days)
were compared (4.0% and 11.0%, respectively; P < 0.001).
In a Cox proportional hazards model adjusted for age, DM,
acetylsalicylic acid, 3-artery disease, CVA, ACS type, and
bypass operation, the mean interval time of >100 days was
associated with higher RR of death among regular statin
users (HR: 2.34, 95% CI: 1.33-4.12, P = 0.003).

Discussion
Mortality rate increases steeply with nonadherence to statin
therapy in patients with ACS. Therefore, adherence to statin
therapy is vital to them. The absolute death rate was
about 3× higher in nonadherent patients compared with
adherent patients. This difference is 3×–5× higher than in

placebo-controlled clinical trials17–19 and quite consistent
with a previously published statin adherence–mortality
study.20 The relative reduction in mortality was also
consistent with adherence studies and mostly higher than
in case-control studies.11,17–22 The obvious rising trend of
mortality from regular statin use through irregular use to
nonuse supports the notion that proper regularity in statin
therapy does make a difference. Even among regular users,
the most strictly adherent patients had the lowest mortality.

The initial prescription rate of statins at discharge was
almost complete (95.4%), indicating hospital physicians’
good adherence to guidelines.23–25 The primary adherence
rates resembled remarkably previous results26 and also
proved that primary nonadherence to statins is associated
with an increased risk of death after ACS. Interestingly,
we found that a delay in initiation of statins after ACS
reflects in future medication usage as more irregular usage
habits. Thus, it is vitally important to emphasize to patients
the significance of immediate initiation and continuation
of statin medication. If the patient is truly convinced to
use statins regularly right after a serious health-threatening
episode, she or he will probably use it strictly in the future
as well. The proportion of statin initiators around the ACS
episode was as much as 90.5%, whereas the crude proportion
of strictly adherent patients throughout our median of 2-year
follow-up was clearly less, 61.7%. This figure is similar to
those in previous studies, where adherence varied from 30%
to 75%.5–8,20,27 The high discontinuation rates are in grim
contrast to the 5-year discontinuation rates of 6% to 19%17,19,28

in the landmark secondary prevention trials demonstrating
clinical benefits of statin treatment.

It is quite possible that the pharmacological effects
of statins do not completely explain the differences in
mortality between adherence groups, because adherence
to statin medication may be a broader indicator of a
patient’s compliance, healthy behavior, and overall mental
and physical condition.21 It has also been shown that
even placebo nonadherence may increase mortality almost
2× compared with placebo-adherent patients.21,29 Our
prospective study was based on consecutive ACS patients,
irrespective of their socioeconomic position, in a teaching
hospital with outstanding registers. The results thus give
valid information on medications both before and after the
index hospitalization in an unselected cohort. Contrary to
prior studies, all patients in our cohort were thoroughly
examined using coronary artery angiography to assure the
diagnosis and grade of the coronary artery disease. Thus,
for example, the age variance (26 to 93 years) is wider than
in most of the previous studies.5,7,13,30

Study Limitations

All our patients were of Caucasian origin and living in
a society with a drug-reimbursement system. If anything,
these aspects could be anticipated to improve adherence,
and may thus limit generalizability. Our register was
based on medication purchases, which naturally does not
guarantee the actual consumption of the medication, but
regular consecutive purchases logically reflect it. During
the follow-up, we did not measure total cholesterol, low-
density lipoprotein cholesterol, or high-density lipoprotein
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cholesterol levels, which would have reflected the impact of
statin medication use.

Conclusion
The stage of adherence to statin therapy correlates with the
risk of death after ACS. Even in a society with population-
wide and high-level medical care, more efforts are needed to
ensure that ACS patients seamlessly continue using statins
after discharge from the hospital and realize the importance
of their use.
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