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Background It is not well-known to what extent evidence-based medications, such as b-blockers, hypolipidemic

medications, and angiotensin-converting enzyme inhibitors, are prescribed after an attack of acute coronary syndrome in

the general healthcare setting and what is the compliance of patients with these prescriptions.

Design We conducted a countrywide record linkage study.

Methods We used record linkage of the National Hospital Discharge Register, Causes of Death Register, and Social

Insurance Institution’s drug reimbursement records to identify drug purchases of patients aged 35–74 years hospitalized

for the first nonfatal acute coronary syndrome in Finland during 1995–2003 (n = 53 353).

Results In 2003 about 28 and 15% of the patients did not receive hypolipidemic medications or b-blockers, respectively,

after their acute coronary syndrome and a further 6 and 10% discontinued the use about 3 months later. Patients aged

65–74 years were less likely to receive hypolipidemic medications [odds ratio (OR) 0.55; 95% confidence interval (CI),

0.53–0.58] and b-blockers (OR 0.77; 95% CI, 0.74–0.81) than younger patients. Diabetic patients received less hypolipidemic

medications (OR 0.82; 95% CI, 0.78–0.86) and were more likely to discontinue the medication (OR 1.15; 95% CI, 1.05–1.26)

than nondiabetic patients. In proportional hazards regression analyses the regular use of hypolipidemic medication or

b-blockers was associated with lower risk of cardiovascular death: adjusted hazard ratios 0.47 (95% CI, 0.41–0.53) and 0.54

(95% CI, 0.49–0.60), respectively.

Conclusions Our study showed that the evidence-based use of medications after acute coronary syndrome was

suboptimal in Finland, particularly in elderly and diabetic patients. Consistent use of these medications, however, was

associated with a better prognosis. Eur J Cardiovasc Prev Rehabil 14:386–391 �c 2007 The European Society of Cardiology
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Introduction
Clinical trials have shown that certain cardiac medica-

tions, such as b-blockers, hypolipidemic medications and

angiotensin-converting enzyme (ACE) inhibitors, are

effective in the secondary prevention of coronary heart

disease (CHD) events [1–3]. Evidence-based guidelines

recommend the use of these medications to most

patients with CHD unless there are specific contra-

indications [4,5]. Nevertheless, large international

studies have suggested a suboptimal use of these

medications among patients with acute or chronic

manifestations of CHD or other atherosclerotic diseases

[6,7]. Diabetes is an additional indication for the use of

hypolipidemic medications and ACE inhibitors. It is an

increasing problem in Western countries and recently, a

high proportion of patients with acute myocardial

infarction (MI) was reported to have diabetes or impaired

glucose tolerance [8,9]. It is not well known, however, to
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what extent cardiac and hypoglycemic medications are

prescribed in routine clinical practice to survivors of an

acute coronary syndrome (ACS) and what is the

persistence of the patients to purchase their medications

from a pharmacy during the months after the ACS.

We carried out a countrywide study assessing trends in

the use of b-blockers, hypolipidemic medications, ACE

inhibitors, and hypoglycaemic medications in all patients

hospitalized for a first ever ACS during an 8-year period

1995–2003 in Finland. The use of medications was

assessed at two different time points in relation to the

first nonfatal ACS of the patient: 1–90 days after the first

ACS, and 91–180 days after the first ACS. We particularly

analysed the associations of age, sex, study year and

diabetes with the drug use after the ACS, as well as on

stopping the drug use 3–6 months after the ACS. We also

examined the associations of persistent drug use during

the first 6 months after the ACS with the risk of

cardiovascular death or any recurrent cardiovascular event

during the subsequent year.

Methods
Identification of first acute coronary syndromes

Data for the present report came from the Finnish

Cardiovascular Disease Register Project. Its methods

have been published previously [10] and details are also

available on the Internet (http://www.ktl.fi/cvdr/). In

brief, we used the National Hospital Discharge Register

and the National Causes of Death Register to identify all

nonfatal first ACS events among men and women aged

35–74 years in Finland. These countrywide registers cover

all hospitalizations in Finland and all deaths of permanent

residents of Finland. CHD diagnoses in these registers

were recently validated [11]. Diagnoses in the registers

are coded according to the International Classification of

Diseases (ICD). The ninth edition (ICD-9) was used

until the end of 1995 and the 10th edition (ICD-10)

since 1 January, 1996. In the hospital discharge register,

ICD-9 codes 410 and 4110, and ICD-10 codes I21-I22

and I20.0 either as the main diagnosis or as any of the

additional diagnoses were taken as ACS events.

A personal ID code, unique to every permanent resident

of Finland, was used to check the hospital discharge

register backwards in time for prior ACSs. If no other

hospitalizations because of ACS were observed during the

preceding 7 years, the ACS was considered as the first for

that particular person. Only events where the patient

survived at least 180 days after the ACS were included in

the analyses. The survival status was checked using a

record linkage with the National Causes of Death

Register.

Data on drug use

At least 50% of the costs of all drugs prescribed by a

doctor are reimbursed to the patient in Finland. The

Social Insurance Institution keeps a database on all

reimbursed drug purchases. We used the personal ID

code to link our database on first ACSs to the individual

level records of drug purchases. In the reimbursement

database different drugs are coded according to the

Anatomical Therapeutic Chemical (ATC) system, which

is an international classification system of pharmaceuti-

cals. Regarding medications in long-term use, at most a

3-month supply is given and reimbursed in one purchase.

Accordingly, we simplified the analysis by assuming that if

a patient had purchased a medication at least once during

a 3-month period, he or she was considered as a user of

the medication during that period. Conversely, if there

were no purchases during a 3-month period, the patient

was considered as a nonuser of the medication.

Diabetes

A proxy variable for diabetes was created as follows. If a

patient had purchased hypoglycaemic medication, or if

there was a diagnosis of diabetes among the hospital

discharge diagnoses either for this hospitalization for ACS

or for any earlier hospitalization since 1991, the patient

was considered as diabetic, otherwise he or she was

considered as nondiabetic.

Follow-up

New cardiovascular disease (CVD) events during the

follow-up were identified with record linkage of the study

data with the National Causes-of-Death Register and the

National Hospital Discharge Register. Deaths with the

ICD codes for CHD or stroke – the ICD-9 (Finnish

modification) codes 410–414, 798, 430, 431, 433 (except

4330� , 4331� and 4339� ), 434 (except 4349X) and

436 and the ICD-10 codes I20–I25, I46, R96, R98, I60,

I61, I63 (except I63.6) and I64 – were taken as fatal CVD

events. Hospitalizations with the ICD codes for MI,

unstable angina, or stroke – ICD-9 (Finnish modification)

codes 410, 4110, 430, 431, 433 (except 4330X, 4331X and

4339X), 434 (except 4349X) and 436, and ICD-10 codes

I21–I22, I21.0, and I60, I61, I63 (except I63.6) and

I64–were taken as nonfatal CVD events. Thanks to the

use of the nationwide registers, the coverage of the

follow-up was in practice 100%. Altogether, the time to

event analyses included 49 521 person-years of follow-up

for CVD deaths and 47 905 person-years of follow-up

for nonfatal CVD events.

The Finnish Cardiovascular Disease Project is approved

by the Ethical Committee of the National Public Health

Institute and the study was carried out following the

principles outlined in the declaration of Helsinki.

Statistical methods

Logistic regression was used for calculating the odds

ratios (ORs) of purchasing a drug within 1–90 days after

the first ACS as well as for calculating the ORs of
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discontinuing the drug use after 3 months (no purchases

within days 91–180 after the event). Age group, sex,

study year, university hospital district, and diabetes status

were included in the model. Cox proportional hazards

regression models were used for calculating hazard ratios

(HRs) of persistent drug use during months 0–6 for CVD

mortality and fatal or nonfatal CVD events during the

subsequent year (i.e., days 181–545, after the first ACS).

Covariates were the same as listed above in the logistic

regression models, except that the age was used as a

continuous variable in the Cox models. Validity of the

proportional hazards assumption was examined graphi-

cally and no violations were observed. Statistical analyses

were carried out using SAS software [12].

Results
During the study period there were 53 353 hospitalized

nonfatal ACSs in persons aged 35–74 years in Finland

(36 589 in men and 16 764 in women). Of these ACS

patients, 27 414 were aged 35–64 years and 25 439 were

65–74 years. Altogether, 8958 (16.8%) had diabetes.

The use of all medications after the ACS increased over

time. The increase was most prominent in hypolipidemic

medications and relatively modest in hypoglycemic

medications and b-blockers (Table 1). Nevertheless, still

in 2003 about 28 and 15% of the patients did not receive

hypolipidemic medications or b-blockers, respectively,

after their first ACS. The elderly age group, 65–74 years

old, used hypoglycemic medications and ACE inhibitors

more frequently, and b-blockers and hypolipidemic

medications less frequently than the younger age group,

35–64 years old (Table 1). Women were using hypogly-

cemic medications more than men, but otherwise there

were no treatment differences between the sexes.

As expected, diabetic patients were using less b-blockers

and more ACE inhibitors than the nondiabetic patients.

Surprisingly, diabetic patients used less hypolipidemic

medications than nondiabetic patients.

The overwhelming majority of patients, who had

purchased a medication during days 1–90 after the event,

continued buying it also during days 91–180, but for each

medication there was a sizeable fraction of patients, who

discontinued the use. For example, in 2003 6 and 10% of

the patients stopped using hypolipidemic medications

and b-blockers, respectively. Thus, 66% of the surviving

patients were using hypolipidemic medications and 75%

b-blockers 91–180 days after their first ACS. For hypogly-

cemic medication, study year was the only significant

predictor of discontinuing the drug use indicating less

discontinuation during more recent years (Table 2). For

b-blockers, age, sex, study year, or diabetes were not

associated with discontinuation. For ACE inhibitors,

study year and the presence of diabetes were associated

with smaller odds for discontinuation, but age and sex had

no effect. For hypolidemic medications, female sex and

more recent study years were associated with smaller

likelihood of discontinuation. Surprisingly, the presence

of diabetes was associated with a greater likelihood of

discontinuing the hypolipidemic medication.

A more detailed analysis of diabetic patients revealed that

still during this millennium – in 2000–2003 – only 49.9%

[95% confidence interval (CI), 49.84–49.62%] of male

and 49.6% (95% CI, 49.55–49.65%) of female diabetic

patients used hypolipidemic medications after their first

ACS event. Among nondiabetic patients the correspond-

ing proportions were 54.8% (95% CI, 54.73–54.77%) and

52.1% (95% CI, 52.11–52.16%).

Patients who had purchased b-blockers or hypolipidemic

medications during days 1–90 and 91–180 after their first

ACS event had about 50% smaller risk of CVD death

Table 1 Odds ratiosa (95% confidence intervals) for the use of medications after the first nonfatal acute coronary syndrome in Finland
during 1995–2002

Predictor Hypoglycemic medications Beta blockers ACE inhibitors Hypolipidemic medications

Age groupb 1.31 (1.24–1.38) 0.77 (0.74–0.81) 1.19 (1.15–1.24) 0.55 (0.53–0.58)
Womenc 1.28 (1.22–1.35) 0.96 (0.91–1.00) 0.94 (0.90–0.98) 1.02 (0.98–1.06)
Study yeard 1.04 (1.03–1.05) 1.05 (1.04–1.06) 1.13 (1.12–1.14) 1.35 (1.34–1.36)
Diabetese 0.83 (0.79–0.88) 1.89 (1.81–1.99) 0.82 (0.78–0.86)

ACE, angiotensin-converting enzyme. aIn addition to the variables listed, adjusted for the university hospital district. b65–74 years compared to 35–64 years. cWomen
compared to men. dPer 1-year increment, starting from 1995. eCompared to the nondiabetic patients.

Table 2 Odds ratiosa (95% confidence intervals) for stopping the use of medications 91–180 days after the first acute coronary syndrome
attack in Finland during 1993–2003

Predictor Hypoglycemic medications Beta–blockers ACE inhibitors Hypolipidemic medications

Age groupb 1.03 (0.90–1.18) 0.99 (0.94–1.04) 0.95 (0.88–1.02) 1.03 (0.96–1.10)
Womenc 1.08 (0.94–1.24) 0.96 (0.91–1.02) 0.96 (0.89–1.04) 0.92 (0.85–0.99)
Study yeard 0.95 (0.93–0.98) 0.99 (0.98–1.00) 0.93 (0.92–0.95) 0.95 (0.94–0.97)
Diabetese 1.00 (0.94–1.08) 0.87 (0.80–0.95) 1.15 (1.05–1.26)

ACE, angiotensin-converting enzyme. aIn addition to the variables listed, adjusted for the university hospital district. b65–74 years compared to 35–64 years. cWomen
compared to men. dPer 1-year increment, starting from 1995. eCompared to the nondiabetic patients.
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during the subsequent year (i.e., days 181–545) compared

to the patients who had not purchased these medications

at all or had purchased them only once soon after the ACS

(Table 3). Patients who had consistently purchased ACE

inhibitors had 25% higher risk of CVD death than those

who had not purchased them. The risk of fatal or nonfatal

CVD event was reduced by 27–30% among regular users

of b-blockers or hypolipidemic medications. The use of

ACE inhibitors was associated with a 25% increase in the

risk of a fatal CVD event and an 8% increase in the risk of

a fatal or nonfatal event combined. When all three

medications (b-blockers, hypolipidemic medications, and

ACE inhibitors) were included in the same model, the

HRs did not change substantially.

Discussion
The present nationwide study included all nonfatal

hospitalized ACS events in Finland during 1995–2003,

and all purchases of drugs prescribed by a doctor to these

patients up to 180 days after the event. We also followed

up these patients for 1.5 years after the event for fatal and

nonfatal CVD events. The use of all medications

examined increased over time and the increase was

particularly prominent for hypolipidemic medications and

ACE inhibitors. Yet, still in 2003 about 28% of the

patients did not receive hypolipidemic medications after

their first ACS and a further 6% discontinued the use

3 months after the event. About 15% did not receive

b-blockers after their first ACS and a further 10%

discontinued the use 3 months after the event. Surpris-

ingly, diabetic patients received less hypolipidemic

medications and were more likely to discontinue their

medication than the nondiabetic patients. It is also

noteworthy that elderly patients received less b-blockers

and hypolipidemic medications, although they would

benefit from the treatment even more than the younger

age groups [13–16].

Medication use in other studies

In the EUROASPIRE II survey [6] carried out in 1999–

2002, 66.4% of patients with atherosclerotic manifesta-

tions were using b-blockers and 57.7% hypolipidemic

medications. In the REACH registry [7], which collected

its data during 2003 and 2004, 76.2% of patients with

CHD were using statins. Our present results from the

most recent years are generally in line with these large

international studies and show that the use of evidence-

based medications after a hospitalized ACS in Finland is

comparable to the situation in other western countries.

A register-based study, similar to ours, from Denmark

[17] reported somewhat lower use of medications,

presumably due to the inclusion of earlier years. It also

reported that 78.6% of those who initially received

statins, continued the use 1 year after their first MI.

Advancing age and female sex were associated with better

compliance in Denmark. In our study, female sex was

associated with better compliance with hypolipidemic

medications, but age did not play a significant role.

Medication use and the risk of subsequent adverse

events

In the present study, Cox proportional hazards regression

models indicated that consistent use of b-blockers or

hypolipidemic medications was associated with 50%

smaller risk of CVD death and 27–30% smaller risk of

any CVD event compared with nonusers. Newby et al.
[18] also investigated the HRs associated with consistent

use of cardiovascular medications. They reported all-

cause mortality HRs of 0.63 for users of b-blockers and

0.52 for users of lipid-lowering medications. Go et al. [19]

reported from the ADVANCE study that, among patients

with new-onset symptoms of CHD, recent use of statins

and b-blockers was associated with substantially lower

odds of presenting with an acute MI than with stable

exertional angina. Wei et al. [20] from Dundee, Scotland,

reported all-cause mortality HRs of 0.38 for users of

b-blockers and 0.69 for users of statins. For non-fatal MI

and CVD death their HRs were 0.40 and 0.82,

respectively. In another European study, Feringa et al.
[21] reported from the Netherlands that among patients

with peripheral arterial disease the HR of all-cause deaths

associated with the use of statins was 0.46 and with the

use of b-blockers 0.68.

In all studies mentioned above the HRs were remarkably

similar and well in line with our findings. Our HRs,

however, need to be interpreted keeping in mind that the

study was not a randomized clinical trial. Even though it

is plausible that the lowered HRs associated with the use

of b-blockers and hypolipidemic medications at least in

part reflect the biologic action of these drugs, other

factors may also play a part. It was reported from the

Coronary Drug Project [22] that the regular use of

placebo was also associated with lower mortality. The

elevated HRs associated with the use of ACE inhibitors

in our study naturally reflect the clinical indications for

the use of these medications – heart failure, left

ventricular dysfunction, and diabetes – which usually

Table 3 Hazard ratiosa (95% confidence intervals) for cardiovas-
cular disease (CVD) deathb or fatal or nonfatal CVD eventb

associated with consistent usec of medications after the first
nonfatal acute coronary syndrome

Type of event Beta-blockers Hypolipidemic
medications

ACE inhibitors

Cardiovascular
disease death

0.54 (0.49–0.60) 0.47 (0.41–0.53) 1.25 (1.12–1.39)

Fatal or nonfatal
cardiovascular
disease event

0.73 (0.68–0.78) 0.70 (0.65–0.75) 1.08 (1.01–1.15)

ACE, angiotensin-converting enzyme. aAdjusted for age, sex, study year,
university hospital district, and diabetes. bFor CVD death n = 1502 and for fatal
or nonfatal CVD event n = 4194. cConsistent use, used medication for 180 days
after the first myocardial infarction. The follow-up time is 365 days after day 180.
Patients who died during the first 180 days are excluded.
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are markers of a high risk of CVD death or a recurrent

CHD event.

Hypoglycemic medications

The prevalence of diabetes is increasing in many western

countries [23–25]. Recently, elevated blood glucose

levels or overt diabetes has been found frequently among

patients with MI [8,9]. In our study, the use of

hypoglycemic medications among patients with their first

ACS increased over time, but the increase was relatively

modest. This, together with the low prevalence of

diabetes diagnoses suggests that blood glucose levels

may not have been actively examined among patients

with hospitalized ACS in Finland. The use of hypogly-

cemic medications was clearly more common among

female patients with ACS than among male patients.

This is explained by the well-known fact that diabetes is

a stronger risk factor of CHD among women than among

men [26] and also by the fact that women are actively

screened for diabetes and impaired glucose tolerance

during pregnancy.

Limitations of the study

An obvious limitation of our study was the lack of clinical

data and data on potential confounding factors such as

socio-economic position. Therefore, we do not really

know whether the treatment with medications included

in the analyses was indicated or whether there were

contraindications among the nonusers. As to the hypolipi-

demic medications and b-blockers, it can be safely

assumed that the treatment was indicated in almost all

patients after a hospitalized ACS, although a few patients

may have had contraindications. In particular, the

treatment with hypolipidemic medications should be

indicated for diabetic patients with ACS and it was

surprising that they used less hypolipidemic medications

and were more likely to discontinue medication than

nondiabetic patients. Another limitation was the lack of

data on acetylsalicylic acid. It is an inexpensive drug,

which is largely sold over the counter and not reimbursed.

Therefore, it could not be included in these statistics.

Conclusion
This countrywide study showed that evidence-based use

of medications was suboptimal particularly among elderly

and diabetic patients, even though these groups could

benefit most from active treatment. Data suggested that

the regular use of b-blockers and hypolipidemic medica-

tions was associated with a significantly smaller risk of

CVD death and reinfarction. Therefore, it is important

that these medications are considered for every patient

after the ACS.
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